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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 [ — [ — | —
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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 concentrations measured at
distant community locations within the region and concentrations measured closer to the Site. When
comparable data were found, it was also useful to compare regional data with data from monitoring
stations outside the region.

In 1985 the average Hanford Site perimeter and downwind perimeter concentrations of %Kr, *sr, ',
39, M0py, and uranium were numerically greater than levels measured at distant monitorin%tations.
These differences, however, were not statistically significant. Increases in BKr, ¥sr, 2% *py, and
uranium were observed at the perimeter compared to 1984. No single sample, however, exceeded
0.3% of the applicable DOE Derived Concentration Guide (DCG) for levels in areas permanently
occupied by members of the public. Even this is an overestimate since the DCG applies to the annual
average concentration rather than the maximum single sample. Moreover, the results reported here
also contained contributions from natural sources and fallout that were not subtracted from the
totals.

Onsite concentrations of *Kr, *Sr, "1, and % **Pu, as well as *H and ¥Cs were greater than levels at
distant locations. Tritium, *Sr, and uranium concentrations increased onsite from 1984.

SAMPLE COLLECTION AND ANALYSIS where the largest numbers of people were lo-
cated. Samplers located in the distant commu-
nities of Sunnyside, Moses Lake, Washtucna,
and Walla Walla and at McNary Dam provided
data from relatively unaffected locations for

Radioactivity in air was measured by a network
of continuously operating air samplers at 23
locations on the Hanford Site, 15 near the Site
perimeter, five in nearby communities, and five

! . ; o, . comparison.

in relatively distant communities (see Figure 8

and Table A.1). Air samplers on the Hanford Site Samples were collected according to the docu-
were located primarily around the major operat- mented schedule established prior to each
ing areas to characterize maximum concentra- monitoring year (Blumer et al. 1984). The distri-
tions in the air from Site operations. Site bution of sample types in 1985 is summarized in
perimeter samplers were located in all direc- Table 10.

tions, with emphasis in the prevailing down-
wind directions to the south and east of the Site,
to characterize concentrations at the nearest lo-
cations where the public could reside. Continu-
ous samplers located in Benton City, Richland,
Pasco, Connell, and Othello allowed characteri-
zation of air concentrations at the locations

Radionuclides in airborne dust were sampled by
continuously drawing air at a flow rate of 2.6
m’/h through a 5-cm diameter high-efficiency
fiber glass filter for 2 weeks"”. (Airborne dust
that is removed from the air by rain or dry

@ Measured efficiencies exceed 99% for DOP (dioctylphtha-
late) particles.
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e Particuiate/Radioiodine
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FIGURE 8. Air Sampling Locations (see Table A.1,
Appendix A, for location key)
TABLE 10. Number of Locations by Air Sample Types
Particulates Gases
Gamma Scan
Gross Gross 8y, OSr
Locations Beta Alpha Hpy, 89240py Uranium | | H "“c BKr
Onsite 23 17 8/23° 8/23% 10/23" 14 3 4
Perimeter 15 11 8/15 6/10 4/15 -~ 1 11 5 4
- Nearby .

Communities 5 3 3/5 None 1/5 None 2 1 None
Distant

Communities 5 3 3/5 11 1/5 1 2 1 1

(a) Number of composites/number of locations represented in the composites.
(b) Number of locations analyzed routinely/number of locations sampled routinely.
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deposition to the soil or vegetation is sampled
through soil and vegetation sampling, see "’ Soil
and Vegetation Monitoring.”) The filters were

collected biweekly, held for seven days, and an-
alyzed for gross beta radioactivity. The holding
period was necessary to allow for the decay of
short-lived naturally occurring radionuclides,
which would otherwise obscure the detection

of the lower levels of longer-lived radionuclides
potentially present from Hanford emissions.
The gross beta measurement provided a current
indication of changes in environmental trends
that could warrant special attention. In addi-
tion, filters from selected locations were ana-
lyzed for gross alpha radioactivity in a similar
manner and for a similar purpose.

For most of the radionuclides of interest, the
amount present in the atmosphere that could
have been collected on a filter by continuously
sampling for two weeks was too small to be
measured with the accuracy desired. Since the
accuracy of a sample analysis is increased when
the sample contains more material, two bi-
weekly samples were combined into monthly
composite samples for each location. The
monthly composites for a few prescribed nearby
locations were then combined to form a geo-
graphical composite. (The 22 geographical com-
posites used in 1985 are listed in Table A.1,
Appendix A.) Each of the monthly composites
was analyzed for gamma-emitting radionu-
clides, then combined into quarterly com-
posites and analyzed for strontium and
plutonium. Most quarterly composites also
were analyzed for uranium.

Gaseous "'l was sampled by drawing a 2.6 m’/h
air flow through a 6.3-cm diameter by 2.5-cm
deep cartridge containing activated charcoal.?
These cartridges were placed downstream of the
particle filter at each air sampling station. Char-
coal cartridges from prescribed sampling loca-
tions were exchanged biweekly and analyzed

@ The coconut-shell activated carbon is impregnated with
triethylene diAmine (TEDA). Retention efficiencies are
99% for both elemental and methyl-iodide.
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for ®'l. The remaining cartridges were ex-

changed monthly to maintain fresh adsorption
media, but were analyzed only if ™'l was identi-
fied in one of the routinely analyzed samples or
if there was any other indication of an effluent
release that could result in a detectable concen-
tration. lodine-129 was sampled using the same
technique; however, a petroleum-based char-
coal was used because of its lower background
concentration, and samples were obtained once
per quarter at four locations.

Atmospheric water vapor was collected for tri-
tium analysis by continuously passing air
through cartridges of silica gel at a flow rate of
0.014 m*/h for 4 weeks. The collected moisture
was removed from the silica gel and analyzed.
The silica gel cartridges were exchanged every 4
weeks. Tritium data for other media, and histori-
cally for air moisture at Hanford, have been re-
ported in terms of activity per liter of water.
Therefore, the trend of concentrations since
1980 is shown in this section in terms of pCi/m’
of atmospheric water. Because the DCG is stated
in terms of activity per cubic meter of air, tritium
results for 1985 are reported in pCi/m’ of air in
the tables of Appendix A. The comparability of
the two measures was demonstrated in the 1984
annual report.

Atmospheric carbon dioxide was collected by
continuously passing air through a soda-lime
collection medium for 8 weeks at a flow rate of
0.28 m’/h. The trapped CO, was then analyzed
for *C content and the atmospheric concentra-
tion calculated. Soda-lime cartridges were
changed every 8 weeks.

Samples of air for ®Kr analysis were collected
using a small pump that continuously filled a
collection bag with air at a low flow rate. About
0.3 m’ of air was collected over 4week sampling
periods throughout the year. The entire sample
of air was analyzed for *Kr.



Results

Results of gross beta and gross alpha radioactiv-
ity in airborne particulate samples collected in
1985 are given in Table A.2, Appendix A. Gross
beta levels for 1985, as shown in Figure 9, peaked
during unusually prolonged stagnant winter
conditions similar to those of the previous win-
ter. However, 1985 summer levels were not as
low as in 1984, resulting in an annual average
about 65% higher than in 1984. As shown in
Table A.2, Appendix A, gross beta levels were
about the same onsite, at the Site perimeter, and
in nearby and distant communities. The ele-
vated levels were apparently the result of natural
radionuclides of terrestrial origin and world-
wide fallout, because they were uniformly de-
tected throughout the region. If Hanford
operations had been an important source, con-
centrations would have shown a decrease with
distance from the Hanford Site.

The gross alpha values shown in Table A.2, Ap-
pendix A, also were essentially the same at all
distances, indicating that the observed levels
were predominantly due to natural sources and
worldwide fallout. Regional gross alpha levels
also increased over 1984 levels, but not as much
as the gross beta levels.

Onsite, perimeter, and nearby and distant com-
munity averages for specific detectable radionu-
clides, or others of special interest, are
summarized in Table A.3, Appendix A. Fifty-five
other radionuclides were also analyzed in the
monthly composite gamma energy analyses, but
only Cs was detectable with any consistency.
Annual average concentrations of &Kr, *sr, 9,
2% 20py; and uranium appear higher at the site
perimeter than offsite.  Concentrations of
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FIGURE 9. Monthly Average Gross Beta Radioactivity in
Airborne Particulate Samples, 1975 to 1985
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these radionuclides and tritium tended to in-
crease onsite near the 200 Areas. The other ra-
dionuclides listed in Table A.3, Appendix A,
were similar at the perimeter and offsite, indicat-
ing the predominant sources were worldwide
fallout and natural sources. Onsite results from
each sampling station near the major operating
areas are summarized in Tables A.4 through
A.10, Appendix A. All sample results were far
below levels that would result in doses ap-
proaching applicable limits. The paragraphs that
follow discuss the results for each radionuclide
in more detail.

The comparisons discussed in the above and
following paragraphs are based on the mea-
sured numerical results or averages without
considering the variability in the resuits or aver-
ages. Statistical analysis of variance of differ-
ences of annual averages between the onsite,
perimeter, downwind perimeter, and nearby
and distant communities, for the radionuclides
are listed in Table A.3, Appendix A. With the
exception of "’l, these tests did not indicate that
average concentrations were statistically differ-
entat the 5% significance level. A different statis-
tical analysis (nonparametric ranking) was
applied to the | data because these data were
sampled intermittently during the year and indi-
cated that the onsite, perimeter, and distant
community ?’I concentrations were statistically
different at the 5% significance level.

With the resumptlon of PUREX Plant operatlons
in 1983, ambient air concentrations of ¥Kr in-
creased at all sampling locations above the pre-
operational levels of about 19 pCi/m?®, as shown
in Flgure 10. The map in Figure 11 shows the
average Kr concentrations in 1985 at each sam-
pling location. As expected, both figures show
that concentrations were highest onsite near the
source and decreased with distance offsite. The
individual ®Kr sample concentrations were
quite variable, ranging from 40 to 3400 pCi/m’ at
the 200 ESE location (Figure 8 map location No.
7) and from 19 to 177 pCi/m’ at Sunnyside, re-
flecting changing meteorology and source emis-
sions. Concentrations in 1985 were higher than
in 1984, with the average for perimeter stations
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increasing about 100%. As in 1984, the measure-
ments close to the PUREX Plant showed the ef-
fect of the prevailing northwest winds in the 200

- Areas; and measurements along the perimeter

indicate that much of the time the stack plume
turns south toward Richland before it crosses
the eastern site perimeter. This pattern is also
demonstrated in the historical record (Healy et
al. 1958).

Onsite, perimeter, and offsite average *Sr levels
in 1985, as shown in Table A.3, Appendix A, were
higher than 1984 levels by two to four times.
Figure 12 shows the variation over the 5 years
prior to 1985 for the 200E Area sample com-
posite, for a sample composite made up of sam-
ples from stations along the southeast perimeter
of the Site and the Tri-Cities, and for a sample
composite from distant communities. Also
shown are the measurements for two other U.S.
locations in northern latitudes most recently re-
ported by the DOE Environmental Measure-
ments Laboratory (EML) as part of its
international fallout monitoring program (Feely
et al. 1985). Environmental Measurements Labo-
ratory data for 1984 and 1985 have not yet been
published. Most of the increase noted in Figure
12 for the 200E Area composite sample is the
result of an inadvertent airborne release from a
liquid-waste diversion box in the C-Tank Farm
that occurred in January (see "Effluents, Waste
Disposal, and Unusual Occurrences” section).
The maximum annual average concentration
measured at the Site perlmeter occurred north-
west of the Site, where the 0gr concentratlon
was measured to be 0.00079 pCi/m’. This con-
centration was far below the applicable DCG of
9.0 pCi/m’>. A comparison of the southeast
perimeter composite and distant composite
data on a year-to-year basis, shown in Figure 12,
suggests that, with the exception of the 200E
Area and the northwest perimeter, the 1985 lev-
els were not greatly different from recent years,
although the 1981 levels undoubtedly include
effects of Chinese weapons testing in late 1980.
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Quarterly air sampling for ! began in July
1984 at the locations identified in Figure 13. Sam-
pling was conducted for 2 weeks per quarter as
an indicator of general environmental levels.

lodine-129 was detected at all locations where
samples were collected in 1985. Average concen-
trations onsite were statistically larger than
those observed at offsite locations, as shown in
Figure 13 and Table A.3, Appendix A. Concentra-
tions were quite variable and ranged from 1.4 to
613 aCi/m’ at the 200 ESE location, and from 0.02
to 18.7 aCi/m’ at Sunnyside. The average onsite
and perimeter concentrations appeared to have
decreased somewhat from 1984 to 1985, while
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the distant measurement at Sunnyside appeared
to increase. It is not possible, however, to con-
clude that changes actually occurred because
data were obtained for only two quarters in 1984,
and sampling was conducted for only 2weeks in
each quarter. All 9| concentrations, however,
were far below the DCG of 70 pCi/m3 (70,000,000
aCi/m’).

Average tritium concentrations, expressed in
pCi/m°®, measured at the Site perimeter and off-
site were similar, as shown in Table A.3, Ap-
pendix A. Onsite concentrations were highest at
the sampling locations immediately downwind
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of the PUREX Plant, and the onsite average con-
centration was higher than the offsite average.
Figure 14 traces the annual trend of *H concen-
tration in atmospheric water vapor, in terms of
pCif of atmospheric water, for three individual
locations and the average of two distant commu-
nity locations. The effect of the restart of the
PUREX Plant on air *H concentrations from 1983
to 1985 is clear at the 200 ESE sampling location.
There appears to be no effect in either the
distant communities or Richland. The Fir Road

location on the southeast perimeter shows a
numerical increase from 1984 to 1985. All
perimeter and offsite concentrations were far
below the applicable DCG of 200,000 pCi/m>.
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P 239 740 .
The annual average concentrations of ="+ "Puin

air for each perimeter and offsite sample com-
posite and the maximum onsite sample com-
posite are shown in the map in Figure 15. Values
from the southern and eastern perimeter were
numerically elevated relative to the more distant
values, which were more typical of national
levels. Concentrations increased onsite to a
maximum of 18 aCi/m’ immediately downwind
of the 200E Area. The annual averages of all
onsite, perimeter and near and distant commu-
nity samples are shown in Table A.3, Appendix
A. All of the results were far less than the applica-
ble DCG for ?°/**Pu of 20,000 aCi/m’.
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The most recent data for 2° **Pu reported by

the EPA for Seattle, Spokane, and Portland for
1980 through 1983 (U.S. EPA 1980-1985) are com-
pared in Figure 16 with measurements from two
separate efforts at the Hanford Site. The Han-
ford southeast perimeter and Tri-Cities com-
posite data were obtained from the routine
monitoring program described in this report.
The 300-Area sampler has been operated inde-
pendently since 1961 to collect high-volume

measurements of worldwide fallout radionu-
clides. Comparison of the 300 Area high-volume
sampler data with the EPA data for Seattle,
Spokane, and Portland indicates that levels
from all four sites for 1980 through 1983 (the last
year for which EPA data were reported) were
very similar. The routine monitoring program
recorded data that were higher in 1980 through
1983, but these data, as discussed in last year’s
annual report, were biased high because the
analytical technique used was less sensitive. In
1984, a more sensitive analytical technique was
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initiated, resulting in a better comparison be-
tween the routine and high-volume sampling
results in 1984 and 1985 (high-volume data from
the 300 Area are available for only the first quar-
ter of 1985).

Uranium concentrations in airborne particulate
matter at the perimeter were slightly elevated
relative to distant samples in 1985, as shown in
Table A.3, Appendix A. Perimeter and onsite
concentrations increased over 1984 levels, while
the distant composite concentration decreased.
Even the highest single concentration mea-
sured, either onsite or offsite, was a very small
portion of the applicable DCG of 0.1 pCi/m”>.

Ruthenium-106 was routinely monitored
through the biweekly gross beta analyses and
the monthly composite gamma energy analyses
but was rarely detected. As described in the
section "Effluents, Waste Disposal, and Unusual
Occurrences,” "®Ru was detected in large parti-
cles at the base of the PUREX Plant exhaust stack.
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Therefore, the results obtained for 1%Ru in 1985
are included in Tables A.3 and A.5 through A.7,
Appendix A. These results indicate that there
was no significant onsite or offsite release of
widely dispersed fine particles.
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GROUND-WATER MONITORING

Ground water was sampled at over 300 locations on the Hanford Site during 1985. In addition, special
studies were conducted to provide additional information to further characterize the ground-water
system, refine the hydrologic models, and determine the impact of site operations on the environ-
ment. Results for 1985 indicated that the tritium from releases prior to 1983 continued to move slowly
toward the Columbia River and a new plume has developed near the 200 Area. Tritium concentrations
ranged from the detection limit (300 pCi/¢ ) to a high of 9,400,000 pCi/2 near or within the 200 Areas. A
high of 580,000 pCi/? was measured in the center of the tritium plume.

Radionuclides have also been observed in measurable quantities in Columbia River water (see
’Surface Water Monitoring”). The presence of some radionuclides in the river was partially attributed
to the flow of riverbank springs moving ground water into the river. Tritium, "1, and uranium in the
ground water contributed to the concentrations of these naturally occurring radionuclides as mea-
sured in the Columbia River.

SAMPLE COLLECTION AND ANALYSIS

Samples were collected in 1985 from 339 wells in location of maximum concentration for most
the unconfined and confined aquifers. Loca- contaminants found in the ground water at Han-
tions of these sampling wells are shown in Fig- ford (Eddy, Myers, and Raymond 1978). To en-
ure 17. Wells sampled during 1985 that sample sure that the water sample was representative of
the confined aquifer are noted in Table A.11, the aquifer, samples were collected after water
Appendix A. Most wells are either 150r 20 cm in was pumped a sufficient length of time to allow
diameter and constructed of steel casings, with equilibration of key constituents (Scharnhorst
screens or perforated casing in the water intake 1982).

portion. Samples collected during routine monitoring
During 1985, about 1,500 samples were col- were analyzed for a number of radioactive and
lected, and more than 4,000 analyses were per- nonradioactive constituents, with tritium ana-
formed. Table 11 summarizes the number of lyzed most frequently. Samples from selected
samples collected from each of the major oper- wells were also analyzed for ™ Sr, 0o, Ry, ¥,
ating areas onsite. Samples were collected for ¥Cs, and uranium. Gross beta activity was mea-
Rockwell and UNC for special operational pur- sured in well water from the 300 Area and from
poses. Most routine samples were collected on a selected wells in the 100 and 400 Areas, while
quarterly basis; others were obtained monthly, gross alpha was monitored in a few wells in the
semiannually, or annually. The method of sam- 200 Areas. When elevated levels of radionu-
ple collection varied, but the majority of the clides were found, special analyses were per-
samples were obtained from monitoring wells formed (i.e., for ®Tc, ?Na, and ©Zn) (Eddy 1981).

that contain permanently mounted submersible
pumps. Bailers were used to dip water samples
from wells incapable of producing water by
pumping, and the airlift method was used to
collect samples from wells too narrow to allow
placement of submersible pumps. Samples
were collected just below the water table be-
cause that has been demonstrated to be the

Most of the analyses were performed by PNL's
Radiological and Inorganic Chemistry Section.
lodine-129 samples were analyzed by PNL’s Ana-
lytical and Nuclear Research Section. Standard
radiometric methods were used to analyze the
ground-water samples. These methods are de-
scribed briefly in Appendix D.
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TABLE 11. Numbers of Wells Sampled, Samples Taken, and Analyses Performed for Ground-Water Monitoring in 1985
Number of Number of Number of
Area Wells Sampled Samples Taken Analyses Performed
100 59 282 732
200 22 96 264
300 28 112 696
400 6 24 72
600® 224 973 2077
Totals 339 1487 3841

(a) The 600 Area encompasses all of the Hanford Site not included in the operating areas (100, 200, 300, and 400 Areas.)

RESULTS

Tritium (H) has been present in many of the
liquid wastes discharged to the ground on the
Hanford Site. Currently the main source for
these wastes is the PUREX Plant in the 200E Area
(USDOE 1983). Because tritium is transported in
the form of tritiated water molecules, the distri-
bution of tritium in the ground water serves as
an indicator of the movement of liquid wastes
discharged from current and past waste-man-
agement operations.

Figure 18 illustrates the distribution of tritium in
the unconfined aquifer for 1985. This map was
produced by contouring the average tritium
concentrations in well samples collected in
1985. The map depicts the positions of the tri-
tium plumes in the ground water.

As shown in Figure 18, the tritium from the 200E
Area disposal sites has migrated along ground-
water flow paths in a southeasterly direction to
the Columbia River. Migration of the tritium also
can be observed at individual monitoring wells
over time. Figure 19 illustrates the tritium data
measured for well 699-41-23, located approxi-
mately half way between the 200E Area and the
Columbia River. The tritium concentration in
this well over time reflects the migration of tri-
tium toward the well in the early 1960s, illus-
trated by increasing concentrations, followed by
decreasing concentrations after the PUREX facil-
ities were placed on standby in 1972.

.14

Figure 20 illustrates the tritium data measured
over time for well 699-40-1, located along the
Columbia River near the Hanford townsite. The
increasing concentrations in this well indicate
that the existing tritium plume is migrating to-
ward the Columbia River. Ground water from
the unconfined aquifer enters the Columbia
River through subsurface flow and springs that
emanate from the riverbank (McCormack and
Carlile 1984). Tritium concentrations measured
in wells near the springs ranged from 19,000 to
250,000 pCi/%and averaged 176,000 pCi/t over
1985. Except for some small zones around the
100 Areas, ground water from the Hanford town-
site represented the highest probable tritium
concentrations entering the Columbia River.

Although most of the contamination in the
ground water was from past operations, there
was evidence that contamination from the
restart of the PUREX Plant in 1983 had reached
the ground water. Wells approximately one mile
southeast of the 200E Area showed an increase
in tritium concentrations. Figure 21 illustrates
tritium data measured over time for well 699-34-
42, and Figure 22 illustrates the tritium data mea-
sured over time for well 699-33-42. Increases in
tritium concentrations in wells located down-
gradient from PUREX Plant liquid-waste disposal
sites were the result of resumed PUREX Plant
operations. The tritium plume map (Figure 18) is
not detailed enough to show the new plume
developing since the restart of the PUREX Plant.
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Concentrations of tritium from the ground-wa-
ter monitoring network over the entire Hanford
Site ranged from the detection limit (300 pCi/9 to
a maximum of 9,400,000 pCi/¢’. The maximum
concentrations were found in the 200 Area.
Other high values were in the center of the main
plume (Figure 18). The highest tritium concen-
tration was collected from awell located close to
inactive disposal facilities in the 200 Areas. The
results of samples analyzed for tritium in 1985
are summarized in Table A.11, Appendix A.

Alpha and beta radiations were measured in
samples from various areas as a screening
method. If high alpha or beta activity was mea-
sured in a sample, it was analyzed further to
determine the probable source of this activity.
_Inthe past, %Ru has been a major contributor of
beta radiation. However, since the half-life of
ruthenium-106 is approximately one year, it has
essentially disappeared from the ground water
in the areas distant from the 200 Areas.

Cesium-137, *Sr, and ®Co, however, also emit
beta radiation and were specifically measured
when beta results were positive. Cesium-137
and ®Co also emit gamma radiation and can be
detected by the gamma spectrometry method.
The methods of analysis are described in Ap-
pendix D. During 1985, beta activity in well water
ranged from the detection limit (16 pCi/2 ) to 530
pCi/2, while the gamma activity ranged from the
detection limit (30 pCi/®) to 440 pCi/%.

The alpha analysis was used to determine the
presence of uranium or plutonium in the water
samples. When the gross alpha levels increased,
the samples were further analyzed for uranium,
8py, and 2**°Pu. Du ring 1985, alpha radioactiv-
ity ranged from the detection limit (4 pCi/2) to
310 pCi/® in the ground-water samples analyzed.

Strontium-90 is a fission product monitored in
the ground water at various locations on the
Hanford Site. Operations in the 100N Area and
past operations in the 200E Area are probable
sources of *Sr found in the ground water. Aver-
age concentrations ranging from 1.5 to 4060
pCi/f were found in environmental well-water
samples collected adjacent to the 100N Area in

1985. The 100N Area springs contributed approx-
imately 8.7 Ci of *Sr to the Columbia River. The
%Sy concentration in the Columbia River water
adjacent to these springs was approximately
0.09 pCi/%,, as stated in the “Comparison of
Measured and Calculated Results” section of
this report. The "Surface-Water Monitoring”
section discusses results from monitoring the
Columbia River.

The presence of iodine-129 in ground water is
significant primarily because of its relatively
long half-life of 16 million years and the potential
for accumulation in the environment from long-
term, chronic releases from nuclear fuel repro-
cessing facilities (Soldat 1976). On the Hanford
Site, the main contributor of I to the ground
water has been liquid discharges to cribs in the
200 Area. A study conducted in 1981 and 1982
indicated that N-Reactor dischar§es did not con-
tribute detectable amounts of "’ to the river.
Most of the "’ was entering the river from the
200 Area ground-water plume at the Hanford
Townsite (McCormack and Carlile 1984). The
”Surface- Water Monitoring” section discusses
results from monitoring the Columbia River.

lodine-129 was sampled in ground water more
systematically in 1985 than in previous years.
Samples were collected in wells adjacent to the
Columbia River near the Hanford Townsite and
in wells located within or close to the 200 Areas.
Table A.12, Appendix A, lists the wells samgled
during 1985 and the corresponding P re-
sults. Concentrations ranged from 0.000008 to
67 pCi/L.

Cesium-137 an Pu are considered to be
immobile in soil and ground water. Because of
their immobility, these radionuclides are moni-
tored in ground water predominantly near oper-
ating or decommissioned facilities in the 100,
200, and 300 Areas. Cesium-137 concentrations
in the ground water ranged from the detection
limit (30 pCi/%) to 110 pCi/e. Plutonium was not
detected in the ground water sampled in 1985.

239,240
d

Cobalt-60 was monitored in the ground water at
various locations on the Hanford Site. Concen-
trations in the ground water on the Hanford Site
ranged from the detection limit (20 pCi/¢) to 440
pCi/%.
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Uranium occurs naturally in the environment
and in all types of soils, rock, ground water, and
surface water (Fairbridge 1972). The sources of
processed uranium found in the ground water at
the Hanford Site were liquid disposal cribs in the
200 Areas and liquid disposal trenches in the 300
Area (USERDA 1975). The uranium detected in
Columbia River water is from natural sources,
disposal to trenches in the 300 Area, and con-
taminated ground water in the 100H Area. Ura-
nium concentrations in wells located adjacent to
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the 100H solar evaporation basins ranged from
less than detectable to 390 pCi/¢. Results from
wells located within the 300 Area ranged from
the detection limit (0.5 pCi/g) to 120 pCi/Q.

Other radionuclides such as *Tc and ™C have
been detected in the ground water beneath the
Hanford Site. Because these radionuclides have
been found in such small quantities outside of
the disposal areas, they were not routinely moni-
tored during 1985.



SURFACE-WATER MONITORING

The Columbia River constituted the primary environmental exposure pathway to the public for
radioactivity in liquid effluents. Radionuclides in the river have decreased significantly since the -
shutdown of the plutonium production reactors with single-pass cooling systems and the installation
of improved liquid effluent control systems at the N Reactor. However, radionuclides associated with
Hanford operations continued to be routinely identified in the river water during 1985.

In addition to the river, four onsite ponds were sampled periodically to determine radionuclide
concentrations. These ponds were accessible to migratory water fowl as well as other animals residing
on the Site. As a result, a potential biological pathway existed for the removal and dispersal of any
contaminants that may have been present in the pond water and sediments.

COLUMBIA RIVER

The Columbia River is used as a source of drink-
ing water onsite as well as at communities down-
stream of the Hanford Site. As a result, the
Environmental Protection Agency and the State
of Washington drinking-water regulations are
applicable (Appendix C). In addition, the river is
also used extensively for crop irrigation and
recreational activities such as fishing, hunting,
boating, water skiing, and swimming. In view of
this, the river water continued to be closely
monitored for radionuclides of potential Han-
ford origin. Samples taken upstream and down-
stream of the Site are analyzed for selected
radionuclides at frequencies commensurate
with their half-lives and their importance as ei-
ther verifiers of waste containment or indicators
of potential environmental impacts. Radionu-
clides of primary significance in the river are *H,
%Co, ¥sr, *sr, 3,78, W, B9%py, and ura-
nium (U).

Sample Collection and Analysis

Samples of Columbia River water were collected
throughout 1985 at the upstream and down-
stream locations shown in Figure 23. The up-
stream sampler was located approximately
mid-stream within Priest Rapids Dam and col-
lected samples as water passed through the
dam. Priest Rapids Dam is located approxi-
mately 5 miles upstream of the Hanford Site
boundary. The downstream samples were col-
lected at the 300 Area and City of Richland water-
supply intakes. The 300 Area sampling location
was near the southern boundary of the Site and
collected water from the intake forebay along
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the shoreline. The Richland sampler, located
about 2 miles downstream of the site boundary,
collected water from a point approximately 30
feet into the river from the shoreline.

Two types of samplers were used in most in-
stances: a cumulative system that collected a
fixed volume of water at set intervals during
each sample period and a specially designed
system that continuously collected waterborne
radionuclides from the river water on a series of
filters and ion-exchange resins. Grab samples
were used in a few special cases when routine
equipment was inoperable.

The cumulative samplers consisted of a timer-ac-
tivated solenoid valve that periodically diverted
a continuously flowing substream of Columbia
River water into a 10  container. This cycle re-
peated itself throughout the 1-week sample pe-
riod such that approximately 30 m2of water were
collected every 30 minutes. The 10 sample
container was changed every week and the sam-
ple was taken to the laboratory, where the water
from a single location was composited over a
4-week period prior to analysis, resulting in a
total sample size of approximately 40 €. Tritium,
8gr, ®Sr and uranium were the radionuclides of
interest in the samples collected with the cumu-
lative sampling system.

A special system was used to separate the ra-
dionuclides from river water prior to analysis. A
large volume of water was required to allow the
extremely small concentrations of certain ra-
dionuclides in the river water to be detected.
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FIGURE 23. Columbia River Water Sampling and Onsite Pond Locations

River water flowed through the collection sys-
tem at a rate of approximately 50 m{%/min, result-
ing in a total volume of about 1000 £ sampled
during each 2-week sample period. Suspended
particulates greater than 0.45 #m in diameter
were removed from the water on a series of
filters, and soluble radionuclides, except tri-
tium, were collected on a mixed-bed, ion-ex-
change resin column. The filters and
ion-exchange resin were exchanged every 2
weeks and analyzed for gamma-emitting ra-
dionuclides. The filters and resin from each loca-
tion were then composited separately for
quarterly analyses of "I, Z8py, and 2**py,
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Results

The results of the analysis of Columbia River
water samples collected during 1985 are summa-
rized in Tables A.13 and A.14, Appendix A. Sig-
nificant results are discussed and illustrated
below, with comparisons to previous years’ re-
sults provided as well. Radionuclides consis-
tently observed in measurable quantities in river
water during 1985 were *H, *sr, U, ), Cs, and
2920py, All of these are reportedly present in
effluents from Hanford facilities and exist in
worldwide fallout as well. In addition, *H and U
occur naturally in the environment.

Annual average concentrations of tritium mea-
sured upstream and downstream of the Hanford



Site during 1985 were 110 pCi/® and 150 pCi/,
respectively. Figure 24 provides a comparison of
monthly tritium concentrations observed in
river water, showing that concentrations down-
stream were generally higher than those up-
stream during the year. Statistical tests indicated
that the difference between the downstream
and upstream concentrations was significant.”
Sources of tritium entering the river were efflu-
ent releases from N Reactor and ground water
entering the river along the Site (see "Effluents,
Waste Disposal, and Unusual Occurrences’ and
"Ground-Water Monitoring’). The concentra-
tions of tritium observed in the river during 1985
were similar to those observed during recent
years and were comparable to measurements
made on Columbia River water by State of Wash-
ington personnel (DSHS 1985). Figure 25 pro-
vides a comparison of the annual average
concentrations of *H, *Sr, and U for the period

(a) Paired sample comparison, t-test of differences
(Snedecor and Cochran 1976).

1981 through 1985. All observed tritium concen-
trations were well below the State of Washing-
ton and EPA screening level of 20,000 pCi/ for
drinking water.

The *Sr concentrations measured upstream and
downstream during 1985 were essentially the
same (0.15 pCik and 0.16 pCi/, respectively).

Figure 25 shows the annual average *Sr concen-
tration to be slightly higher at the downstream
location, consistent with observations made in
past years. However, differences observed
since 1981 have been very slight, especially
when the uncertainty associated with the aver-
ages is considered. Figure 26 presents the
monthly *Sr concentrations observed during
the year at both the upstream and downstream
locations, demonstrating that downstream con-
centrations are not consistently higher than the
upstream concentrations. Statistical tests also
indicated that the difference between upstream
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FIGURE 24. Tritium Concentrations Measured in Columbia River Water During 1985
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Concentrations Measured in the
Columbia River, 1981 to 1985

and downstream concentrations was insignifi-
cant. The only known source of *Sr entering the
Columbia River was from the 100N liquid-waste
disposal facility, which reportedly discharged
8.7 Ci to the river during 1985. All *Sr concentra-
tions observed during 1985 in the Columbia
River water were well below the State of Wash-
ington and EPA screening level of 8 pCiRfor
drinking water.

Strontium-89 concentrations in Columbia River
water collected upstream and downstream of
Hanford were generally below the detection
level during 1985. As in past years, average con-
centrations of ®Sr were essentially the same up-
stream and downstream of the Site (0.087 pCi/¢
and 0.100 pCi, respectively).
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Uranium concentrations in 1985 continued to be
slightly higher in samples of Columbia River wa-
ter collected downstream of Hanford than in
those collected upstream, as shown in Figure 25.
While the difference in the annual averages up-
stream versus downstream (0.38 pCi® and 0.48
pCil, respectively) is very slight, monthly values
observed during the year were generally higher
at the downstream location, as Figure 27 shows.
All uranium concentrations observed during
1985 correspond with doses well below the State
of Washington and EPA standard of 4 mrem/yr
for drinking water. Although there is no direct
discharge of uranium to the river, it is known to
be a primary constituent of the ground water
beneath the 300 Area (see "Ground-Water Moni-
toring”” section) and has been detected at ele-
vated levels in riverbank springs entering the
river in this area (McCormack and Carlile 1984).

As in the past several years, "I concentrations
continue to be higher in downstream river water
than upstream. The average upstream and
downstream concentrations in river water dur-
ing 1985 were 9 aCi/ and 88 aCi/%, respectively.
lodine-129 in the river is attributable to the flow
of ground water, which is known to contain "*°I,
from the unconfined aquifer into the river (see
"Ground-Water Monitoring’’ section). Figure 28
provides the quarterly I results for the up-
stream and downstream locations and also
shows the average quarterly flow rate of the
Columbia River for 1985 and the previous 5
years. As the figure shows, the differences ob-
served during 1985 between the upstream and
downstream concentrations were similar to the
differences observed in past years. The figure
alsoillustrates the influence of the river flow rate
on the downstream | concentrations, as
higher flow rates are associated with reduced
concentrations, and vice versa. As has been the
case for other radionuclides, the concentrations
of I observed in the Columbia River water
during 1985 were well below those concentra-
tions which would result in doses exceeding the
State of Washington and EPA Standard for drink-
ing water, 4 mrem/yr.
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lodine-131 was observed at very low concentra-
tions in the Columbia River periodically during
1985. While the concentrations of "'l were gen-
erally at less than detectable levels at the up-
stream location, the average concentration of
] downstream of Hanford was 0.019 pCi/%.. The
average "'l concentration observed during 1985
was similar to those of the past and remained
well below that concentration which would re-
sultin doses exceeding the State of Washington
and EPA Standard of 4 mrem/yr for drinking wa-
ter. lodine-131 periodically enters the river as a
result of 100N Reactor operational upsets.

Like "I, ®Co was observed in more downstream
river water samples than upstream samples, and
the average concentrations were comparable to
past years. The annual average %Co concentra-
tion downstream of the Hanford Site was 0.012
pCilkduring 1985. Potential sources of Co in the
river included N-Reactor effluents and possible
resuspension of ’Co known to be deposited in
the river bed as a result of past operations (Sula
1980).

There were no measurable differences in the
concentrations of 'Cs or ?***Pu in Columbia
River water collected upstream and downstream
of the Hanford Site. The annual average concen-
tration of ”’Cs was slightly lower than that ob-
served during 1984, while the ****py
concentration was similar to those observed
during previous years.

ONSITE PONDS

Four onsite ponds were located near operating
areas as shown in Figure 23. Two of the ponds,
Gable Mountain Pond (also referred to as Gable
Pond) and B Pond near the 200E Area, were
excavated in the mid-1950s for disposal of pro-
cess cooling water and wastes occasionally con-
taining low levels of radioactive contamination.
During 1985, Gable Pond was significantly re-
duced in size as a result of decommissioning
efforts, and B Pond was expanded considerably
in anticipation of receiving waste water previ-
ously routed to Gable Pond. The FFTF Pond,
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excavated in 1978, received cooling water from
various facilities within the 400 Area that did not
routinely contain radioactive wastes. The fourth
pond, West Lake, was a natural lake intercon-
nected with the ground water and did not re-
ceive direct effluent discharges from site
facilities. Operating contractors were responsi-
ble for monitoring effluents discharged to the
ponds and operational aspects of the ponds.
Although the ponds were inaccessible to the
public and did not constitute a direct offsite
environmental impact, they were accessible to
migratory waterfowl, creating a potential biolog-
ical pathway for the dispersion of contaminants.
Periodic sampling also provided a secondary
check on effluent control systems.

Sample Collection and Analysis

During 1985, quarterly grab samples consisting
of 102 of water were collected from each of the
ponds. Special care was taken to avoid the re-
suspension and inadvertent collection of bot-
tom sediments during the sampling process.
Unfiltered aliquots of the samples were ana-
lyzed for gross alpha and gross beta activities,
gamma-emitting radionuclides, ’H, and *Sr.
The FFTF pond samples were analyzed for 2Na
instead of "Sr.

Results

Results from pond samples for 1985 are summa-
rized in Table A.15, Appendix A. Maximum, min-
imum, and mean values are provided for the
various radionuclides measured. Further discus-
sion of individual constituents and comparisons
with results observed during previous years are
provided below.

Figure 29 illustrates gross alpha and gross beta
results for 1980 through 1985 for Gable Pond, B
Pond, FFTF Pond, and West Lake. Concentra-
tions of gross alpha and gross beta during 1985
were consistent with previous years’ results.
Gross alpha concentrations in the FFTF Pond
were generally less than detectable and were
therefore omitted from the figure. As in past
years, the highest gross alpha and gross beta
concentrations were observed at West Lake,
which is constantly recharged from the ground
water (Gephart et al. 1976). Special water sam-
ples collected and analyzed in 1975 indicated

that the gross alpha and gross beta radioactivity
in the pond came primarily from naturally occur-
ring uranium (Speer, Fix and Blumer 1976).
Therefore, the elevated gross alpha and gross
beta concentrations observed during 1985 and
previous years were most probably the result of
naturally occurring radionuclides in the pond
recharge that have been concentrated by evapo-
ration over the years.

Tritium analysis of all pond water samples was
initiated in 1983. Figure 30 displays the annual
average tritium concentrations for each of the
onsite ponds for the past 3 years. The tritium
levels in the ponds have remained relatively sta-
ble during this time period. The elevated aver-
age concentrations of tritium in the FFTF pond
were similar to those observed in the ground
water beneath this site, which is the source of
the 400 Area water supply. Tritium concentra-
tions observed in West Lake were similar to
those known to occur in the local ground water
as well. Although tritium concentrations in B
Pond appear to be widely variable, the elevated
average concentration observed during 1984
was attributable to a single elevated sample re-
sult, which influenced the avera§e accordingly.
With this exception, individual "H results ob-
served in B Pond water were similar throughout
this time period.

Concentrations of ¥Sr and ™’ Cs observed in B

Pond water during 1985 were similar to those
observed during recent years, as shown in Fig-
ures 31and 32, respectively, Similarly, Figures 33
and 34 provide annuall average *Sr and 'Cs
concentrations in Gable Pond.

Although no radionuclides are routinely dis-
charged to FFTF Pond, the potential for an acci-
dental release has been identified. Therefore,
samZ[Z)Ies from this pond are routinely analyzed
for “Na as an indicator of process failure. As in
gast years, the annual average concentration of

Na in FFTF Pond water was less than the uncer-
tainty associated with the calculated mean and
provided no indication of an inadvertent release
during the year.

l11.26



1000

100

10

Concentration, pCi/f (Log Scale)

—

1980 1981 1982 1983 1984 1986

FIGURE29. Annual Average Gross Alpha and

Concentration QOSr,
pCi

Gross Alpha

TTTTTT

/

LA R E T A B II]III[’\I
/
. L
J
[

l
L]

‘.!w
\
A\

1

| I

Gross Beta

FFTF Pond
West Lake

|»e O

B Pond
| |

Gable Pond

1980 1981 1982 1983 1984 1986

Gross Beta Concentrations Mea-
sured in Onsite Ponds, 1980 to 1985

_..
N
|

1980 1981 1982 1983 1984 1985

FIGURE 31. Annual Average “Sr Concentra-

tions Measured in B Pond Water,
1980 to 1985

.27

100,000 g=
- w FFTF Pond
o ® West Lake
L — A Gable Pond
— B B Pond
@ 10,000
3 [~
7] - ]
(=] -
Q
= - L)
(5]
a 1,000 ®.
I E 0
- I~ [ ]
5 N
g B
g— | ‘/‘\‘
8 .
3 100 E_
0 ] ] ]
1983 1984 1985

FIGURE 30. Annual Average Tritium Concen-
trations Measured in Onsite Ponds,

w P
(@) o
]

37
Concentration ' Cs,
pCi
N
o

FIGURE 32. Annual Average

1983 to 1985

137

1980 1981 1982 1983 1984 1985

Cs Concentra-

tions Measured in B Pond Water,

1980 to 1985



s L N
g g
. 6 )
Z ©
QC [ —C
8 a}- k]
[ s
€ — €
[+ V] [ V]
e 2+ e
(o] [=]
o | S
1980 1981 1982 1983 1984 1985 1980 1981 1982 1983 1984 1985
FIGURE 33. Annual Average *Sr Concentrations FIGURE 34. Annual Average '“’Cs Concentra-
red in Gable Pond Water, 1980 tions Measured in Gable Pond Wa-
Measu ter, 1980 to 1985
to 1985

111.28



FOODSTUFFS MONITORING

Alfalfa and several types of foodstuffs, including milk, leafy vegetables, fruits, beef, chickens, eggs,
and wheat, were collected at several locations in the Hanford Site environs during 1985 (Figure 35).
Samples were collected primarily from locations in the prevalent downwind directions (i.e., to the
south and east of the Site). Samples were also collected in generally upwind directions somewhat
distant from the Site to provide information on radioactivity levels that could be attributed to
worldwide fallout. Foodstuffs collected in the Riverview Area (see Figure 35) had been irrigated with
Columbia River water collected from downstream of the Site. All samples were analyzed for *Sr and
137¢s. Milk samples also were analyzed for "1, "1, **Sr, and tritium. Fruit samples were analyzed for
3H, ®Sr, and 7 ¢Cs.

Low levels of tritium, *'Sr, and '¥’Cs were found in a number of foodstuff samples collected during
1985; however, the concentrations measured in samples collected near the Hanford Site were similar
to those measured in samples collected away from the Site. In addition, "'l was detected at very low
levels in a small percentage (6%) of the individual milk samples. However, the annual average
concentrations of 'l were less than the uncertainty associated with the calculated average in all
sampling areas. There are no radionuclide concentration limits for foodstuffs. Impact was assessed
by predicting radiation dose from food consumption (as discussed in the "’Radiological Impact from
Hanford Operations’ section).

137

MILK and within the range attributable to worldwide

fall PA 1985a).
Samples of raw, whole milk were collected from allout (USE 9852)

§e\t/ﬁral ?:\I/?IIef:tr Z‘;wnsxir:t‘je dsi:'tei:t‘i)grr::":)tirv:ﬂd A portion of each milk sample was analyzed for
'n the p ¥Sr and Sr. Strontium-89 was not regularly

ate possible Hanford impacts. Samples also detected in the milk; however, ®Sr was ob-

were collected from dairy farms near Sunnyside . .
e served in most samples analyzed. Maximum and
and Moses Lake to provide indications of the ; T
average concentrations were similar at all loca-

gen'eral concentraﬂons of radionuclides in mﬂk tions, both near and distant, and were compara-
attributable to worldwide fallout. The sampling . .
. - . ; ble to concentrations observed in recent years.
locations are shown in Figure 35 and listed in 137 % Lo
. Average *'Csand Sr concentrations in milk for
Table A.16, Appendix A. Samples were collected 1985 and th . fi h )
every other week throughout the year from the 792 and the previous Tive years are shown in
Figure 36. The effects of atmospheric nuclear

Sagemoor and Sunnyside areas. Samples from testing are reflected in the somewhat higher
he ot as were collected nthly duri
the other are ere mo y aunng 37Cs values for 1980, while the %05r data have

the year. been consistently low for the past several years.
lodine-131 was detected in six individual milk 129
samples (6% of total) collected during different
times of the year in the Sagemoor, Wahluke,
Riverview, Sunnyside, and Moses Lake areas. All
concentrations were just above the detection
level and annual average concentrations of ™'l

in milk were less than the uncertainty associ-
ated with the average. LEAFY VEGETABLES

Cesium-137 was identified in about 14% of the
samples. Concentrations in all cases were low

Analyses for >°H and "I were performed on se-
lected milk sampies in 1985. Tritium was identi-
fied in half of the samples, and 'l in all of the
samples. Concentrations, however, were low,
and no differences were apparent between
near-site and distant sampling locations.

Samples of leafy vegetables (i.e., spinach, leaf
lettuce, or cabbage) were obtained once during
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the summer from gardens located within the
sampling areas listed in Table A.17, Appendix A.
The leafy vegetables provided an indication of
radionuclides present in locally grown produce.
Three replicate samples, each composed of mix-
tures of the edible portions of the various leafy
vegetables grown at the sampling Iocatlons,
were obtained. Samples were analyzed for PSr
and "¥Cs, and results are provided in Table A.17,
Appendix A. Strontium-90 was identified in
most samples but with no apparent difference

between distant and nearby locations. Cesium-
137 was identified in about 22% of the samples,
without any indication of a difference between
locations. There were no significant changes in

%0 137 .
Srand ~'Cs concentrations when compared to
recent years, as shown in Figure 37.

FRUIT

Samples of apples, cherries, and grapes were
collected during harvest from the areas listed in
Table A.18, Appendix A. Three replicate samples
were collected at each sampling Iocatlon and
the edible portions were analyzed for °*H, *Sr,
and "’Cs. Results are provided in Table A.18.

Tritium was identified i m about one-third of the
samples analyzed, and *Sr in about 85% of the
samples. Grapes had slightly higher *H concen-
trations than the other fruits, but otherwise
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there were no apparent differences between
fruit tyPes or sampling locations. As in recent
years, 7 Cs was generally not detectable in fruit
samples.

WHEAT AND ALFALFA

Samples of ripened wheat and mature alfalfa
were collected from the areas listed in Table
A.19, Appendix A. Three replicate samples, each
of wheat and alfalfa, were collected at each
location and analyzed for *Srand 'Cs. Results
of the analysis are shown in Table A.19, Ap-
pendix A.

When sampling of wheat and alfalfa began in
1982, variable moisture content in the samples
from different locations may have contributed
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to the variability in the 1982 results. Beginning in
1983, samples were reported on a dry weight

basis, eliminating variability caused by different
moisture contents. In 1985, as in 1984, S was
identified in nearly all of the samples, and "’ Cs
was identified in very few samples. No distinct
difference in radionuclide concentrations was
apparent between samples collected near the

Site and those collected far from the Site.

BEEF, POULTRY, AND EGGS

Samples of locally produced chickens, eggs, and
beef were collected from the areas listed in
Table A.20, Appendix A. Table A.20 provides re-
sults of analysis of the samples for Csand *Sr.



Results were all very low and generally near
detection levels. Cesium-137 and "'Sr concentra-
tions in beef for 1985 and the previous 5 years
are shown in Figure 38.

SPECIAL RIVERVIEW FOODSTUFF SAMPLING

The potential radiation dose to the hypothetical
maximally exposed individual was calculated
for an individual who was a long-term resident
of the Riverview area (see "Radiological Impact
from Hanford Operations” section). A major

contributor to the estimated dose was *’Sr from
Columbia River water that was used to irrigate
foodstuffs grown in the Riverview area. A special
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effort was made in 1985 to collect samples con-
sisting of a variety of fruit and vegetables from
the Riverview area. Potatoes, carrots, beets,
tomatoes, beans, corn, apples, and grapes were
collected from farms and analyzed for *Sr, *H,
and gamma-emitting radionuclides. All results
were similar to concentrations found in food-
stuffs from other sampling areas, and no mea-
surable effect from the use of Columbia River
water for irrigation was detected. Results are
shown in Table A.21, Appendix A.
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WILDLIFE MONITORING

The Hanford Site serves as a refuge for waterfowl, upland game birds, and a variety of other animals.
Wildlife have access to several areas near site facilities that contain low levels of radionuclides
attributable to site operations (e.g., waste-water ponds). Sampling was performed in areas where the
potential existed for wildlife to take in radionuclides (see Figure 39). The number of animals that
visited these areas was small compared to the total wildlife population in the region, and, as a result,
human consumption of animals from the sampling locations was unlikely. Nevertheless, these
samples helped provide an estimate of the potential dose impact if onsite game animals were
consumed.

Fish were collected from the Hanford reach of the Columbia River. Results provided an indication of
the radionuclide concentrations in local fish so that the potential dose to humans from this pathway
could be evaluated. Fish collected from the Hanford reach of the Columbia River showed no
important difference in radionuclide concentration compared to upstream samples. Analytical re-
sults of terrestrial wildlife samples collected during 1985 were similar to those observed in recent
years. The dose that could have been received by consuming any of the sampled wildlife at the
maximum radionuclide concentrations measured in 1985 was well below applicable DOE dose

standards.

DEER

Samples taken from road-killed deer (Figure 39)
were used to provide an indication of the gen-
eral levels of radionuclides in Hanford Site deer.
Four deer were sampled and analyzed for *’Cs
in muscle and 2**®Pu in liver. Results indicated
the presence of detectable levels of ’Cs (0.02
pCi/g) in only one deer. The liver of one animal
contained detectable quantities of ****Pu at
0.0002 pCi/g. The concentrations were in the
range generally attributed to worldwide fallout,
and the median values were consistent with
those observed in previous years, as shown in
Figure 40. Individual resuits for 1985 are shown
in Table A.22, Appendix A.

In addition, a specially selected deer was col-
lected in the vicinity of B Pond near the 200 Area
(Figure 39). This animal was part of a group stud-
ied during 1981-1982 to determine the probable
maximum " Cs concentration in muscle tissue
of deer residing on the Hanford Site (Eberhardt,
Hanson, and Cadwell 1982). As part of the study,
deer were captured and fitted with radio—trans-
mitting collars to track their movements. Al-
though this deer was no longer tracked by radio,
it was reasonable to assume that it continued to
reside in the vicinity of B Pond during 1985,
based on tracking results during the study.

Analytical results showed a slightly higher *°Cs
concentration (0.52 pCi/g) in muscle tissue com-
pared with the road-killed deer. The 2***Pu con-
centration in the liver sample was undetectable.

FISH

Fish were collected at various locations along
the Columbia River (see Figure 39), and boneless
fillets were analyzed for ®Co, *Sr, and ™' Cs.
Median concentrations for ®*Co and "Cs in
whitefish and bass in recent years are shown in
Figure 41. Whitefish were collected both up-
stream of Hanford near Priest Rapids Dam and
within the Site near the 100D Area. Bass were
collected near the 100F Area. Individual results
for ®Co, ®Sr, and ™ Cs for 1985 are shown in
Table A.23, Appendix A.

Cesium-137 was identified more frequently in
whitefish samples collected along the Hanford
reach of the river near the 100D Area than in
samples collected upstream of the Site, but the
concentrations were not quantifiably different.
The maximum and average concentrations of
*Sr in whitefish fillets from samples collected
near the 100D Area were slightly higher than
those collected near Priest Rapids Dam. On the
other hand, ®Co was detected more frequently
in whitefish samples collected near Priest
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Rapids Dam than in samples collected near the
100D Area.

The presence of *Sr in whitefish at both sample
collection areas is accounted for by the migra-
tory pattern of whitefish along the Hanford
reach of the Columbia River. The whitefish pop-
ulation in the Columbia River near the Hanford
Site migrates upstream toward Priest Rapids
Dam in the fall and winter to spawn. Therefore,
the whitefish population upstream probably in-
cludes fish that have resided near or below reac-
tor areas. The presence of %Co in the fish
collected upstream may thus be associated with

.34

residual radioactivity in sediments of the
Columbia River from past operations or effluent
releases from the N Reactor.

UPLAND GAME BIRDS

Upland game birds, primarily pheasant and
chukar, were collected from the 100, 200, and
300 Areas (Figure 39). Samples of breast meat
from each bird were analyzed for Co and "'Cs.
A slightly higher percentage of the birds showed
detectable concentrations of *’Cs than of *Co.
The median concentrations for ’Cs in the 100
and 200 Areas are shown in Figure 42 and are
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within the ranges observed during previous
years. Median ’Cs concentrations in the 300
Area were lower than in the other areas. Cobalt-
60 concentrations were near minimum de-
tectable levels, with the maximum sample at 0.02
pCi/g. Maximum and average concentrations for
1985 for both nuclides are shown in Table A.24,
Appendix A.

WATERFOWL

Waterfowl samples (mallard ducks) were col-
lected from B Pond in the 200 Area and the 300
Area Trench (Figure 39). An approximately 0.5-kg
sample of breast meat from each bird was ana-
lyzed for ’Cs. The results iltustrated in Figure 43
show decreasing concentrations in ducks col-
lected from B Pond over the last several years.
Concentrations in samples collected from the
300 Area Trench in 1985 were about one fifth
those in the 200 Area, as shown in Table A.25,

60
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FIGURE 43. Median Concentrations of 7Cs

Measured in Mallard Ducks from

1980 to 1985
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Appendix A. Samples have been taken in previ-
ous years from other operating areas, from
along the Columbia River, and from Gable Pond
and U Pond, and these are reported in earlier
annual reports. Gable Pond was being decom-
missioned in 1985 and ducks were not readily
available. U Pond was decommissioned in 1984.

RABBITS

Cottontail and black-tailed jack rabbits were col-
lected from near the 100 and 200 Areas during
1985. The samples were analyzed for gamma-
emitting radionuclides in muscle, *Sr in bone,
and‘xplutonium in liver. Median concentrations
for *sr in bone and ™Cs in muscle for the last
several years are shown in Figures 44 and 45.
Median concentrations in 1985 were within the
range of previous years. Maximum and average
concentrations for 1985 are shown in Table A.26,
Appendix A.

No other gamma-emitting radionuclides of pos-
sible Hanford origin were detected in any sam-
ples at levels greater than expected from
worldwide fallout. Concentrations of ****Pu in
liver samples ranged from less than detectable
to values near the detection limit (0.0006 pCi/g),
with only one sample, at 0.003 pCi/g, signifi-
cantly above the detection limit.
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SOILAND VEGETATION MONITORING

Surface soil and rangeland vegetation samples were collected at a number of locations during 1985,
both onsite and offsite. The purpose of sampling was to detect the buildup of radionuclides from the
deposition of airborne effluents released from Hanford facilities. Samples were collected at non-agri-
cultural, undisturbed sites so that natural deposition and buildup processes would be represented.
Because the radionuclides of interest were present in worldwide fallout or occurred naturally as well
as in Hanford effluents, their presence was expected, to some extent, in all samples.

An assessment of radionuclide contribution from Hanford operations was made by comparing the
results of samples collected onsite with those collected offsite, the results of samples collected
around the Site perimeter with those collected at distant locations, and the results of samples
collected downwind (primarily east and south of the Site) with those collected from generally upwind
and distant locations. In addition, sample results obtained from a specific location in 1985 were
compared to results obtained from the same location during previous years. Evaluations of 1985
sample results provided no indication of significant trends or important increases in the concentra-
tions of radionuclides in the offsite environment that could be attributable to Hanford operations.
Results of a special study noted the presence of Hanford-derived plutonium in some offsite soil
samples. Another special study investigated *H in native trees growing on the Hanford Site.

SAMPLE COLLECTION AND ANALYSIS Samples of perennial vegetation were collected
in the immediate vicinity of the soil sample loca-
tions when soil samples were collected. Vegeta-
tion samples included a mixture of rabbitbrush,
sagebrush, and bitterbrush in roughly the same
proportions as occurred naturally at the specific
sample site. The vegetation samples were col-
lected by cutting a small amount of recent
growth from a sufficient number of plants in the
area to make up a sample weighing approxi-
mately 1 kg. The sample was then dried and
ground, and aliquots were taken for analysis.
Vegetation samples were analyzed for gamma-
emitting radionuclides, *Sr, plutonium, and
uranium.

Soil and vegetation samples were collected at
the 15 onsite and 16 offsite locations shown in
Figure 46, with one exception. Vegetation was
not available at one onsite location as a result of
the 1984 fire. In addition, two new soil sampling
sites were established during 1985, one at Mc-
Nary Dam and one near Walla Walla. Most of the
onsite sampling locations were adjacent to ma-
jor operating areas where the contribution of
radionuclides from operations could be readily
assessed. The majority of the offsite samples
were collected in a generally downwind direc-
tion of the Site, where any Hanford contribution
to radionuclide levels in soil and vegetation
would be expected to be most easily detected.
Samples were also collected in a generally up- SOIL RESULTS

wind direction for comparison. . .
P Analytical resuits from soil samples collected

Single composited samples of surface soil were onsite and offsite during 1985 are reported in
collected at each of the locations. Each sample Table A.27 through Table A.30, Appendix A. Also
was made up of five “plugs” of soil, approxi- included in these tables for each specific loca-
mately 2.5-cm deep and 10-cm in diameter, ob- tion are the individual results observed during
tained within a 100-m” area at the sampling site. the previous 5 years and the mean of the results
The samples were dried, sieved through a 2-mm from each location for this time period. For com-
screen, and thoroughly mixed. Aliquots of this parative purposes, the means of the results from
well-mixed composite sample were analyzed for all onsite locations and all offsite locations are
gamma-emitting radionuclides, 0gr, plutonium, provided as well. Several new sample locations

and uranium.
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FIGURE 46. Soil and Vegetation Samples Collected at Onsite and Offsite Locations

were established during 1982 as a result of pro- 200 Area in particular, continue to show slightly

gram revisions and expansions; therefore, there
are gaps in the data tables for years before 1982.

Radionuclide concentrations observed in indi-
vidual onsite soil samples during 1985 were simi-
lar to those observed in previous years.
Although some variability was evident between
sampling locations, the means of onsite soil
sample results for specific radionuclides were
similar to those observed during previous years.
As expected, locations near operating areas, the

elevated concentrations for a few radionuclides.
Specifically, the 200 ENC (Figure 46, Number 4)
sample showed elevated levels of ¥Sr and ™' Cs,
and the E of 200W (Figure 46, Number 9) sample
exhibited elevated levels of 2***Py, as had been
the case during previous years.

The offsite soil sample results were similar to
those collected during the past several years, as
reflected in both the individual sample results
and the mean of all offsite sample results. The
histograms in Figure 47 display 9°Sr, W Cs,
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239,240 . . )
Pu, and uranium median values for all sam-

ples collected at the onsite and offsite locations
during 1985. The median values rather than the
means are plotted because of the small number
of samples and the high degree of variability in
the results. As these illustrate, radionuclide con-
centrations tend to be slightly elevated at onsite
locations compared with offsite locations, with
the exception of uranium. As has been the case
in previous years, the offsite uranium concentra-
tions in soil were slightly higher than those ob-
served onsite. Uranium is thought to occur
naturally in the soil at several offsite sampling
locations.

Further evaluation of the offsite sample results
indicates that, with the exception of uranium,
the radionuclide concentrations in soil collected
at locations near the Hanford Site are similar to
those collected at distant locations. Similarly,
sample results from generally downwind offsite
locations are in agreement with those from gen-
erally upwind sites. As has been observed in the
past, radionuclide concentrations in soil are
quite low and are in agreement with concentra-
tions observed at other locations, although they
do appear to be highly variable over time at a
single location.

Isotopic Composition of Plutonium in Soil
Samples

A special task was conducted to evaluate the
plutonium measured in soil samples routinely
collected for radionuclide analyses. The pur-
pose was to estimate the amount of plutonium
that may have accumulated in soil over past
years of Hanford operations. The unique analyt-
ical method involved the determination of indi-
vidual plutonium isotopes using a ~mass
spectrograph technique.

Results are tabulated in Table A.31, Ap3pendix A
in the form of the ratio of *Pu to “’Pu. The
average *Pu/**Pu value for worldwide fallout
has been reported as 0.176+ 0.014 (Krey et al.
1976). The average 20py/P%Py value for Hanford-
derived plutonium is estimated to be 0.0676,
based on measurements from samples of high-
level waste (USERDA 1977). The formula given
by Beasley (1981) was used to estimate the per-
centage of Hanford-derived 292%py from the



median ratio calculated for each sampling loca-
tion. The percentage of Hanford-derived pluto-
nium in soil samples collected from various
onsite, onsite perimeter, and offsite locations is
plotted in Figure 48. Data are arranged by sam-
pling location in descending order from highest
percentage to lowest percentage. This sensitive
technique indicates that Hanford-derived pluto-
nium historically has been added to the total
amount of plutonium that has been detected in
samples of soil collected from the local environ-
ment. The maximum amount of Hanford-
derived plutonium detected onsite was from
samples collected near the 200W Area (E of 200W

location). The calculated percentage shown in
Figure 48 is greater than 100% because the BI -
tonium in soil at that location is lower in the ***Pu
isotope (3.9%) than the average (6.0%) for pluto-
nium produced at Hanford over the years. The
maximum amount of Hanford-derived pluto-
nium detected in samples collected offsite was
about 17% for the Benton City area. Soil from the
Sunnyside area contained virtually no Hanford-
derived plutonium. The Hanford- derived pluto-
nium probably has accumulated gradually over
a number of years because the data given in
Table A.31 for sites sampled in 1978, 1982, 1983,
and 1984 do not show a sudden increase for any
one year.
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VEGETATION RESULTS

Analytical results from samples of mature,
perennial vegetation collected during 1985 are
provided in Tables A.32 through A.35, Appendix
A. As in the case of soil sample results, individual
results observed during the previous five years
at each location are shown along with the mean
of the results for the same time period. The
means of onsite and offsite sample results are
also included for comparative purposes. The ap-
parent gaps in the data prior to 1982 are due to
expansions and revisions of the program during
1982.

Radionuclide concentrations observed in peren-
nial vegetation samples collected onsite and off-
site during 1985 were similar to those observed
at the same locations during previous years. Fig-
ure 49 provides histograms illustrating the *sr,
¥ cs, 2%%py, and uranium median values for
samples collected at onsite and offsite locations.
The median values are plotted rather than the
means due to the small number of samples and
the wide range of concentrations measured. As
with the soil data, concentrations of radionu-
clides in onsite vegetation were slightly elevated
when compared with offsite concentrations
with the exception of uranium. Uranium con-
centrations in vegetation were slightly higher at
offsite locations than at onsite locations.

Tritium in Hanford Site Trees

Ground water containing *H is widely dispersed
in the unconfined aquifer beneath the Hanford
Site (see ”"Ground Water Monitoring’’ section).
In most instances, ground water is too deep to
expect contact by plant roots. Trees are scarce
on the Site. Only a few native trees are located
near the river and some scattered trees grow
near abandoned homesites. After more than 40
years without irrigation, the longevity of the sur-
viving trees near the homesites suggests that
their roots have access to ground water. A study
was conducted during 1985 to determine if Han-
ford trees had access to >H in ground water and,
if so, whether the trees could be useful as bio-
logical indicators of the presence of H in
ground water and so serve as an adjunct to envi-
ronmental monitoring.
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Results shown in Figure 50 confirmed that a few
trees on the site have access to tritiated ground
water. The moisture in the leaves of these trees
had concentrations ranging from 1000 to 14,000
pCi/¢ compared to background concentrations
of less than 500 pCi/g .

L‘.\"\._..J
Nooo o2
] e
Kilometers
we
\3\‘\‘ Benton C R Pasco
L . enton City 5 %
2
Kennewick

@ >5000 pCi per Liter
© 1000-5000 pCi per Liter
O <1000 pCi per Liter

FIGURE 50. Tritium in Hanford Site Trees
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PENETRATING RADIATION MONITORING

Dose rates from penetrating radiations (primarily gamma-rays) were measured at a number of
locations in the Hanford environs during 1985. The measurements were made using thermolumines-
cent dosimeters (TLDs) to provide estimates of the dose rates from external radiation sources.
Naturally occurring sources, including cosmic radiations and natural radioactive materials in the air
and ground, as well as from worldwide fallout, resulted in a certain amount of penetrating radiation
being recorded at all dosimeter locations. The dosimeters also measured dose rates from exposure to
radioactive materials associated with activities at Hanford. Measurements made onsite and offsite
were similar to past years. As expected, dose rates near operating facilities were somewhat higher
than natural background rates.

Radiation surveys were conducted at numerous locations on the Hanford Site. Onsite roads,
railroads, and retired waste-disposal sites located outside of operating areas were routinely surveyed
during 1985. These surveys were designed to confirm the continued integrity of containment
facilities and to identify areas where abnormal levels of radioactivity may have existed. Survey results
for 1985 were comparable to past years. No unexpected or abnormal conditions were observed on

the Site highways or railroads.

PENETRATING RADIATION MEASUREMENTS

External radiation measurements were made us-
ing environmental TLDs at numerous locations
onsite, around the perimeter of the Site, in
nearby and distant communities, and along the
shoreline of the Columbia River. Environmental
radiation dosimeters consisted of five CaF,:Mn
thermoluminescent chips encased in a plastic
capsule. The capsule contained a lead/tantalum
filter to provide uniform dose response charac-
teristics for penetrating radiations above 60 keV
(Fix and Miller 1978). The dosimeters were
mounted one meter above ground level and
were exchanged every four weeks, with the ex-
ception of the shoreline TLDs, which were ex-
changed quarterly. Measured doses are
reported in dose equivalent units (mrem) to
allow comparison to dose standards and dose
equivalents reported elsewhere in this docu-
ment. The TLDs record radiation exposure from
natural and fallout sources as well as any local
contribution (NCRP 1975).

Dosimeters were placed at numerous locations
in the vicinity of the Hanford Site and at several
locations more distant from the Site, as shown in
Figure 51. The dose rates measured at each loca-
tion during 1985 are given in Table A.36, Ap-
pendix A. Offsite dosimeter locations were

chosen to represent areas that could have been
inhabited continuously. Dose measurements at
these locations are reported in units of mrem/yr.
Results were similar to those observed in previ-
ous years for the same locations. The back-
ground dose rate, calculated from the annual
average dose rates observed at distant locations,
was slightly lower than in past years, at 59
mrem/yr (0.007 mrem/h). Dose rates measured in
1983 by the Washington State Department of
Ecology at Seattle and Spokane were 58 mrem/yr
and 97 mrem/yr, respectively (DSHS 1985). Fig-
ure 52 shows average annual dose rates mea-
sured at perimeter and distant locations during
1985 and the previous 5 years. The figure illus-
trates the natural year-to-year variability of pene-
trating radiations in the environs at both near
and distant locations. The figure also demon-
strates that dose rates at perimeter stations gen-
erally averaged several mrem/yr higher than the

distant locations. The possibility that a release of
radioactive material prior to 1974 might be a

cause for the observed differences in dose rate
is not substantiated by the soil and vegetation
sampling data provided in this and previous an-
nual reports. The differences may he due to
natural geographic variations in terrestrial radi-
ation.
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80z Perimeter Dosimeters were submerged in the Columbia
70 DD';‘“‘V s River at Coyote Rapids and at the Richland
ZB L [ & N £ S pumphouse (Figure 53) to provide an estimate of
60| 1l Ul L penetrating dose rates that could be received by
s / , a person immersed in the river. Results of the
t sof ' / measurements, shown in Table A.37, Appendix
E : A, were less than the background dose rate of
o 40 0.007 mrem/h measured on land. The average
k] dose rates at the Coyote Rapids and Richland
2 301 pumphouse locations were 0.004 mrem/h and
a 0.003 mrem/h, respectively, during 1985. As ex-
20 K pected, these dose rates have remained low and

10 relatively constant over the years.
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Figure removed as per DOE guidance.

FIGURE 54. Environmental Dosimeter Locations at Publicly Accessible Onsite Locations
(see Table A.38, Appendix A, for location number key)
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1985 are shown in Table A.38, Appendix A. Re-
sults are reported as mrem/h (instead of
mrem/yr) because the locations are not continu-
ously occupied by the same person. Dose rates
near the 100N Area on the river shoreline were
slightly elevated but similar to those observed in
previous years. The maximum dose rate
recorded near 100N was 0.043 mrem/h, while the
average varied between 0.007 and 0.025 mrem/h.
Dose rates in this vicinity were attributed to
waste-management activities within the 100N
Area. Dose rates at publicly accessible locations
along the west perimeter of the 300 Area were
elevated slightly compared to normal back-
ground levels of 0.007 mrem/h. The highest dose
rate measured along the west perimeter of the
300 Area was 0.028 mrem/h, recorded at a loca-
tion near a research facility housing a radioac-
tive steam generator currently under study. The
average dose rate at the other 300 Area perime-
ter location near a publicly accessible area was
also elevated (0.012 mrem/h). Dose rates near the
visitors center at the 400 Area (FFTF) were at
background levels, indicating no additional
penetrating dose rate at this location could be
attributed to FFTF activities during 1985.

Low levels of residual radioactivity (primarily
%Co and ™*Eu) from past reactor operations in
the 100 Areas can still be measured at several
locations along the shorelines and on islands in
the Hanford reach of the Columbia River. Radia-
tion dose rates from these radionuclides were
the subject of an extensive radiological survey in
1979 (Sula 1980). In 1980, based upon findings of
the survey, dosimeters were placed in areas
along the river (see Figure 53) where dose rates
were determined to be slightly elevated with
respect to background levels. Table A.39, Ap-
pendix A, provides results of measurements at
these locations during 1985. Dose rates mea-
sured during 1985 were similar to those ob-
served in recent years.

Onsite external penetrating radiation was mea-
sured at the locations shown in Figure 55. The
results of these measurements are given in Table
A.40, Appendix A. Dose rates above background
were observed at several locations onsite during
1985. The elevated levels observed near the 100N
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Area were attributed to short-lived, airborne no-
ble gases and direct radiations from reactor op-
erations and waste-handling and storage
facilities. Dose rates at two of the 300 Area loca-
tions (locations #15 and #16 of Figure 55) were
slightly elevated during 1985. These locations
were near the facility where the steam generator
was being examined, which accounted for the
elevated levels. Dose rates around the 200 and
400 Areas were within the expected background
levels.

RADIATION SURVEYS

Onsite roads, railroads, and inactive radioactive-
waste disposal sites located outside of operating
areas were routinely surveyed during 1985 to
detect abnormal levels of radioactivity. The fre-
quency of the surveys on specific routes for
roads and railroads was based on their use and
the potential for their contamination. The major-
ity of the waste sites were surveyed on a semian-
nual basis during 1985. Specific routes and
frequencies for surveys conducted during 1985
were defined in the master schedule (Blumer et
al. 1984).

Roads, shown in Figure 56, were surveyed rou-
tinely using four scintillation detectors posi-
tioned approximately 0.5 m above the ground,
evenly spaced across the width of a vehicle. No
abnormal conditions were observed on the Site
roadways surveyed during 1985.

Railroad routes, also shown in Figure 56, were
surveyed using a small railcar with two scintilla-
tion detectors mounted approximately 0.3 m di-
rectly above the tracks. Railroad surveys
conducted during 1985 did not reveal any abnor-
mal conditions on the Site railways.

Inactive waste-disposal sites outside of the oper-
ating-area perimeter fences were surveyed dur-
ing 1985 with portable instruments to detect
changes in levels of external radioactivity. Sites
also were visually inspected with respect to gen-
eral physical conditions. In general, radiation
surveys conducted during 1985 showed levels
comparable to those observed in the past. Prob-
lems with respect to housekeeping or the
maintenance of the integrity of the site were
promptly reported to the responsible contractor
for appropriate corrective action.
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COMPARISON OF MEASURED AND CALCULATED RESULTS

Measurements of radiation levels and radionuclide concentrations in the environment were used to
estimate the radiological impact of Hanford operations. However, the quantities of radionuclides
released to the environment were usually small, and frequently it was not possible to measure
radioactivity attributable to Hanford operations. For dose calculation purposes, enviromental con-
centration of radionuclides in air, water, and other media were calculated based on the quantities
released in various effluents. To verify that the calculated environmental concentrations used in the
dose models were reasonable, the concentrations of radionuclides that could be measured in air and
water were compared with calculated values. The calculated concentrations used for radiological
dose assessment were verified as reasonable estimates.

Table 12 lists the major nuclides contributing to
the radiological dose impact from Hanford oper-
ations liquid effluents in the Columbia River and
compares the calculated concentrations to the
concentrations measured upstream and down-
stream. The difference between upstream and
downstream was used as an estimate of the con-
tribution from the Hanford operations. There is
considerable uncertainty in estimating the con-
centration due to Hanford operations as the dif-
ference between upstreaam and downstream
concentrations because the measured concen-
trations are very low and near the minimum
detectable concentrations. Results near the
minimum detectable concentrations are tygi-
cally associated with large uncertainties. For .
 py and "Cs, the upstream and downstream
concentrations were very low and nearly equal.
This corresponds well with the calculated added
concentrations, which are very small and would
not be detected within the precision of the mea-
surements. For ®Co, ™I, and 89Sr, there was
close agreement between measured and calcu-
lated results. The measured *Sr concentrations
were higher downstream but not as high as the
calculated concentrations. The calculated con-
centration of >H from releases in the 100N Area
was much less than the monitored downstream
concentration, indicating that >H was added to
the river from another source, presumably
ground water. Uranium and "1 were not re-
ported as effluents, and the source of the mea-
sured concentrations in the river was assumed
to be from natural sources, worldwide fallout,
and ground-water seepage (see "Ground-Water
Monitoring"’ section).

The comparison of airborne radionuclides was
made by calculating the concentrations for the
offsite monitoring location nearest to the PUREX
Plant stack (Ringold) and comparing these val-
ues with the concentrations measured. The 1985
average dispersion (X/Q) values were used for
these calculations (see Tables F.5 to F.8, Ap-
pendix F). The comparisons are shown in Table
13. The six major radionuclides emitted from
the 200 Area listed in Table 13 also could be
present in the environment from worldwide fall-
out. For all radionuclides except *Kr and
239240py, the contributions for Hanford effluents
were indistinguishable from fallout within the
precision of the monitoring measurements. This
agrees with the calculations, which show that
the added concentrations from the 200 Area
were very small, below the capability of analyti-
cal measurements to distinguish from the
higher concentrations resulting from worldwide
fallout. The calculated *Kr perimeter concentra-
tion of 170 pCi/m’ agrees well with the average
perimeter measured value of 150 pCi/m®. The
average measured 2929py perimeter concentra-
tion was 4.1 aCi/m®, which included the world-
wide fallout contribution of 1 to 2 aCi/m’. This
compares well with the calculated concentra-
tion of 2.5 aCi/m’.

In general, the measured and calculated con-
centrations of radionuclides in air and water
compared well. The measurements confirmed
that the calculated concentrations used for the
dose calculations were reasonable estimates of
the radionuclide concentrations in the environ-
ment attributable to Hanford operations.

.51



TABLE 12. Measured and Calculated 1985 Annual Average Concentrations of Selected Radionuclides

in the Columbia River (pCi/ Q)
Calculated
100 Area Conc. Added Measured Concentration®
Radionuclide Releases, Ci® Downstream Upstream Downstream Difference
34 270 2.8 110 150 409
®Co 2 0.02 —0.0003 0.0076 0.008
85r 1.4 0.01 0.088 0.10 0.01
"Sr 8.7 0.09 0.15 0.16 0.01
| 5.7 0.06 <0.0034 0.019 0.02
¥Cs 0.3 0.003 0.018 0.016 -0.002
239240p, 0.001 0.00001 0.00035 0.00028 - 0.00007

(a) From Table F.23, Appendix F.
(b) From Tables A.13 and A.14, Appendix A.
(c) Measured downstream difference due to seepage from ground water (see text).

TABLE 13. Measured and Calculated 1985 Annual Average Air Concentrations of Selected Radionuclides (pCi/m?

Calculated

200 Area Perimeter Measured Concentration®
Radionuclide Releases, Ci® Concentration Perimeter Distant Onsite
*H 200 0.05 1.7 1.8 3.1
SKr 700,000 170 150 58 710
%Sr 0.0085 0.0000018 0.00031 0.00028 0.00085
131p 0.2 0.000049 0.0001 - 0.0006 0.0002
¥Cs 0.01 0.0000025 0.0001 0.0 0.000
139.240p, 0.01 0.0000025 0.0000041 0.0000029 0.0000072

(a) From Table F.18, Appendix F.
(b) From Tables A.3, Appendix A.
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IV. NONRADIOLOGICAL MONITORING RESULTS

AIR QUALITY MONITORING

Oxides of nitrogen (NO,) were routinely released onsite from fossil- fueled steam plant§ and chemical
processing plants, most notably the PUREX Plant located in the 200E Area. For this reason, fhe
Hanford Environmental Health Foundation (HEHF) operated an air-sampling network to determine
ambient levels of nitrogen dioxide (NO,) in the Hanford environs. Results from this seven-station
network revealed that NO, concentrations were generally higher in 1985 than in 1984, but still were
well below U.S. Environmental Protection Agency and local ambient air quality standards.

SAMPLE COLLECTION AND ANALYSIS

The NO, sampling locations were selected in an
effort to adequately assess onsite and potential

offsite nitrogen oxide impacts, primarily in rela-
tion to PUREX Plant emissions. The sample loca-
tions are depicted on the map in Figure 57 and
identified in Table 14.
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FIGURE 57. Nitrogen Dioxide Air Sampling
Locations (see Table 14 for
location number key)

A

The NO, sampling was performed in accordance
with EPA Designated Equivalent Method EQN-
1277028 (TGS-ANSA  Method). The NO,
sampling unit consisted of a bubbler assembly
with absorbing solution, operated by a sequen-
tial sampling pump. The pumps were set to
sequence on a 24-h basis; thus, all sample results
are midnight-to-midnight, 24-h integrated aver-
ages.

RESULTS

As shown in Table 14, NO, data collected by the
network in 1985 indicated that the highest
annual average result (0.009 ppm) was from the
Wye Barricade, which also was the location of
the highest average in 1984. The applicable
national and Washington State annual average
ambient air standard for NO; is 0.05 ppm.



TABLE 14. Ambient Nitrogen Dioxide (NO,) Concentrations in the Hanford Environs for 1985

% Samples Less Than Maximum

Map Number of Annual Average® Detection Limit Sample
Location . Location®  24-hour Samples (ppm NOy (0.003 ppm NOy) (ppm NOy)
ALE 1 268 0.006 + 0.0003 4.5 0.018
100B 2 282 0.006 + 0.0003 2.8 0.016
100D 3 286 0.006 + 0.0004 5.2 0.017
Hanford Townsite 4 289 0.007 + 0.0003 1.0 0.015
200 ESE 5 265 0.007 + 0.0004 2.6 0.021
Wye Barricade 6 193 0.009 + 0.0006 0.5 0.039
400 Area® 7 62 0.007 + 0.0008 0.0 0.016
Sullivan Barn 8 278 0.008 + 0.0004 0.0 0.020

(a) Locations are identified in Figure 57.

(b) Annual averages + two standared error of the mean. Samples less than detectable daily concentrations were
assumed equal to the 24-hour detection limit (0.003 ppm).

(c) Based on data for March, April, and May only because of electrical maintenance work.
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NONRADIOLOGICAL GROUND-WATER MONITORING

Ground-water monitoring for chemical constituents in 1985 included both routine sampling and a
special effort concerned with hazardous materials. Nearly 1,500 samples were collected during
routine ground-water monitoring activities in 1985. Nearly all were analyzed for some inorganic
constituent, primarily nitrate ion, and also for chromium and fluoride. In addition, about 40 well
samples were analyzed by HEHF once during the year for water-quality parameters, which included
pH, conductance, calcium (Ca), magnesium (Mg), sodium (Na), carbonate (CO;), bicarbonate
(HCO3), potassium (K), boron (B), NO;-nitrogen, chloride (Cl), SO4-sulfur, and dissolved solids. The
nitrate results for 1985 indicated that concentrations were inconsistent with past results. A review of
the laboratory analytical procedures that used the specific ion probe showed a consistent increase in
the analytical results during the last two months of the year. This increase distorted the average
concentrations of nitrate available to plot the plume map, resulting in a map that showed little
similarity to past results. Therefore, because of the anomalous data, nitrate results will not be
discussed in this report. A special report on nitrate results will be released at a later date. Chromium
(Cr*®) and fluoride (F) were monitored adjacent to and within the 300 and 100H Areas. In 1985,
chromium and fluoride concentrations ranged from less than detectable (0.003 mg/9) to 1.2 mgk, and
0.088 to 9.6 mg/, respectively. Results of water-quality sampling indicate that Na, total dissolved
solids, and conductivity were highest near the 100H Area.

Monitoring of hazardous materials for 1985 consisted of a one-time sampling of 75 of the 90 wells
identified in a sitewide network. Each sample was analyzed for 35 to 40 constituents. Many of the
constituents (including pesticides, herbicides, total organic halogen, and some metals) were below
detection limits. Constituents that were detected included several metals, anions, coliform bacteria,
radionuclides, and total organic carbon. Low concentrations of many of these constituents are
expected in the natural ground water, and additional sampling is needed to determine the effects of
Hanford operations.

ROUTINE SAMPLE COLLECTION RESULTS OF ROUTINE SAMPLING

AND ANALYSIS Chromium and F were monitored in the vicinity
Ground-water samples were collected in the of the 100H Area because of the quantity and
same manner as described in the radiological nature of materials that have been disposed to
”Ground-Water Monitoring” section. Most the 183H solar-evaporation basins in the past.
routine samples were collected on a quarterly Disposal of material to these basins was discon-
basis; others were obtained monthly, semiannu- tinued in November 1985. Table F.22, Appendix
ally, or annually. Nonradioactive constituents F, is a list of the constituents and the quantities
monitored included Cr*®, F, and the water-qual- disposed to these basins during 1985.
ity parameters Ca, Mg, Na, CO3, HCOs, K, B, Cl, . Chromium and F were also monitored in the 300
SO,;, NOs-nitrogen, pH, conductance, and and 400 Areas, and in wells adjacent to the 300
dissolved solids. The values reported here for Area. Both Cr*® and F are constituents involved
Cr*® and F were analyzed by PNL’s Radiological in the fuel fabrication process conducted in the
and Inorganic Chemistry Section. The water- 300 Area. Concentrations ranged from less than
quality analyses were performed by the Hanford detectable (0.003mg/ )to1.2mg/ forCr*®and
Environmental Health Foundation (HEHF). Stan- 0.088t0 9.6 mg/ for F. The wells with the highest
dard chemical methods described in Appendix concentration of Cr*® were located in the 100H
D were used to determine the concentrations of Area. Well 699-518-51 (see Figure 17, Section IlI,
the various constituents in ground-water ”Ground-Water Monitoring”) contained the
samples. highest concentration of F.

The water-quality parameters (Table A.41, Ap-
pendix A), as analyzed by HEHF, indicated
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higher levels of NOs-nitrogen, Na, total dis-
solved solids, and conductivity near the 100H
Area. Nitrogen as nitrate ranged from less than
detectable (0.1 mg/?) to 210 mg/Qin well 199-H4-3.
Sodium ranged from 3.6 mg/2 in well 699-81-58 to
336 mg/R in well 199-H4-3. Total dissolved solids
and conductivity also were highest in well 199-
H4-3, with concentrations of 1520 mg/? and 2150
umho/cm, respectively. Well 699-2-7 was high in
conductivity as well as in HCO;, SO,4, Ca, Mg,
and K. Figure 17 shows the location of these
wells.

SAMPLE COLLECTION AND ANALYSIS FOR
HAZARDOUS MATERIALS

Efforts in 1985 involved identifying areas onsite
for future ground-water sampling. Of the 90
wells chosen sitewide for initial sampling (Figure
58), 75 were sampled once during 1985 for haz-
ardous materials. The remaining wells will be
sampled in 1986. Samples were collected near
the major operating areas, within the radionu-
clide plumes, and far removed from site opera-
tions. The sampling network did not include
wells within the 100H Area or the 300 Area be-
cause extensive sampling was being conducted
in those areas under a related project.

I Kilometers

3

W A Pasco
* Benton City Tyl ~ Z
ZZ
Kennewick

® Network Wells Sampled in 1985

@ Additional Network Wells Scheduled

for Sampling in 1986

FIGURE 58. Hazardous Materials Sampling Locations
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Table 15 itemizes the constituents that were se-
lected for analysis. This listincludes the parame-
ters from the EPA list used in RCRA monitoring
programs (USEPA 1984), as well as additional
materials known to have been used in Hanford
operations. Three radiological measurements
(i.e., radium, gross alpha, and gross beta) were
included because they are part of EPA’s list for
RCRA monitoring programs. In addition, to en-
sure that no chemicals were overlooked, sam-
ples from five wells in the network were selected
for an extensive screening analysis that involved
over 375 hazardous chemicals (WDOE 1984). Lo-
cations of the five wells included in this screen-
ing are shown in Figure 59.

Most of the samples were collected using sub-
mersible pumps and followed established haz-
ardous materials sampling procedures. Samples
to be analyzed for chemicals prone to volatiliza-
tion or absorption were collected using a Teflon
bailer. Samples were sealed to prevent tamper-
ing, transported to the laboratory on ice, and
tracked using chain-of-custody procedures.

Analyses were performed by UST using EPA-ap-
proved procedures or other standard methods.
In a few cases where standard methods were not
available, an in-house method was developed,
documented, and used by the laboratory.
Specific conductance and pH measurements
were performed in the field at the time of collec-
tion. Further details on analyses and quality con-
trol are found in Appendix D and the " Quality
Assurance” section.

V.5

RESULTS OF HAZARDOUS MATERIALS
MONITORING

Results from single samples are useful only to
give a general indication of the status of the
ground water and to guide future sampling ef-
forts. Therefore, the following discussion is a
qualitative description of the results obtained.

Results for the sitewide network and for each of
the individual areas sampled are summarized in
Tables A.42 through A.49, Appendix A. Only
those constituents whose measured values were
above detection limits in one or more wells are
included. Comparing these tables with the list of
analyses shows that many of the constituents
(e.g., pesticides, herbicides, total organic halo-
gen, and some of the metals) were not detected
in any of the wells. Resuits of the extensive
screening analyses mentioned previously have
not yet been received.

Constituents that were detected included a
number of metals, several anions, coliform bac-
teria, beta and alpha emitters, and total organic
carbon. Histograms for 10 of the detected con-
stituents and for pH and specific conductivity
are shown in Figure 60. The constituents de-
tected most commonly were B, Na, vanadium
(W), K, nitrate, sulfate, chloride, and gross beta.
These constituents were found in nearly all of
the 75 wells in the network. Similar types of
constituents were detected in ground-water
samples collected at the 100H Area and 300 Area
under a related project. Low concentrations of
many of the constituents detected would be ex-
pected in the natural ground water, and addi-
tional sampling is needed to determine the
effects of Hanford operations.



Primary
Drinking-Water
Constituents

TABLE 15. Hazardous Material Constituents Selected for Analysis in 1985.

Ground-Water
Quality
Parameters

Ground-Water
Contamination Additional
Indicators Metals

Additional
Inorganic lons

Site-Specific
Parameters®

Arsenic
Barium
Cadmium
Chromium
Fluoride

Lead

Mercury
Nitrate
Selenium
Silver

Endrin
Lindane
Methoxychlor
Toxaphene
2,4-D

2.4,5-TP Silvex
Radium
Gross Alpha
Gross Beta
Coliform

Chioride

Iron

Manganese

Sodium
Sulfate

pH Nickel
Specific conductance Vanadium
Total organic halogen (TOX)  Copper
Total organic carbon (TOC) Aluminum
Antimony
Potassium

Phosphate

(a) Only selected samples taken near operating areas were analyzed for these parameters.
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FIGURE 59. Network Wells Receiving Screening Analysis
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COLUMBIA RIVER WATER QUALITY MONITORING

Nonradioactive waste water is discharged at eight points along the Hanford reach of the Columbia
River. These discharges consist of backwash water from water intake screens, cooling water, water
storage tank overflow, and fish laboratory waste water. Each direct discharge point is identified in a
National Pollutant Discharge Elimination System (NPDES) permit issued by the EPA. Effluents from
each of these outfalls were routinely monitored and reported by the operating contractors.

The water quality of the Columbia River was monitored routinely during 1985 both upstream and
downstream of the Hanford Site. The purpose of monitoring was to identify any characteristics of the
river that could be attributed to Hanford discharges and to determine compliance with the Class A

designation requirements.

SAMPLE COLLECTION AND ANALYSIS

Grab samples of Columbia River water were col-
lected monthly at the Vernita Bridge (upstream
of Hanford) and at Richland (downstream) as
shown in Figure 23. Samples were analyzed to
identify changes in general water quality along
the Hanford reach of the river. Samples were
delivered to HEHF for analyses that included
biological oxygen demand (BOD), coliform bac-
teria, pH, and nitrate.

Water-quality measurements of the Columbia
River were also performed by the U.S. Geologi-
cal Survey (USGS) at similar upstream and down-
stream locations. The USGS samples consisted
of river cross-section composites collected bi-
monthly at the Vernita Bridge and quarterly at
Richland. Analyses for numerous physical, bio-
logical, and chemical constituents were per-
formed at the USGS laboratory in Denver,
Colorado. The USGS also provided continuous
temperature monitoring of the river upstream
and downstream and flow-rate measurements
upstream of the site. Routine discharges to the
Columbia River were monitored through the
NPDES system. The NPDES-permitted discharge
locations and the parameters routinely mea-
sured are indicated in Table 16.

RESULTS

Figure 61 illustrates sampling results for con-
stituents included in existing Washington State
water-quality regulations. With four exceptions
(two upstream and the two downstream), pH
values taken upstream and downstream agreed

closely and were within the acceptable range
during 1985. The median fecal coliform concen-
tration during 1985 was slightly higher at the
downstream location, but both upstream and
downstream concentrations were well below
the standard. Average turbidity values were sim-
ilar upstream and downstream, were consistent
with previous years’ data, and did not exceed
the standard.

Average monthly flow rates for the Columbia
River and periods when the N Reactor was oper-
ating are shown in Figure 62. No substantial dif-
ference existed between upstream and
downstream temperatures, and monthly aver-
ages remained within the standard during 1985.
While the highest downstream temperatures co-
incided with periods of low river flow and peri-
ods when the N Reactor was in operation,
upstream temperatures were also highest then.
This suggests that heat contributed by N-Reac-
tor effluents was, at most, a small fraction of the
temperature increases observed. Natural heat-
ing by the sun, therefore, appeared to be the
major cause of increased water temperatures
along the Hanford reach.

Data collected by both PNL and the USGS are
summarized in Table A.50, Appendix A. These
data include a number of variables for which
state standards do not exist. Results of USGS
analyses and duplicate analyses performed on-
site were in general agreement. None of the
analytical results indicated significant deteriora-
tion of water quality at the downstream sam-
pling location.
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TABLE 16. Measurements for NPDES-Permitted Discharges at Hanford®

Location
100K Area 100N Area 300 Area
Measurement (2 Discharges) {5 Discharges) (1 Discharge)
Flow Rate X X X
Suspended Solids X X X
Temperature X X ---
pH X X X
Chlorine X ---
Oil and Grease ---(b) X --
Heat Discharged X
Settleable Solids --- --- X
Iron --- X —--
Ammonia --- X -
Chromium .- X ---

(a) NPDES Permit No. WA-000374-3 (USEPA 1983b).
(b) Dashed line indicates no measurement required.
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V. QUALITY ASSURANCE
QUALITY ASSURANCE

Comprehensive quality assurance programs were maintained to ensure that the data collected were
representative of actual concentrations in the environment. These programs covered surface and
ground-water monitoring for radioactive, nonradioactive, and hazardous materials. First, extensive
environmental data were obtained to eliminate an unrealistic reliance on only a few results. Second,
newly collected data were compared with both recent results and historical data for each location and
each environmental medium to ensure that deviations from previous conditions were identified and
promptly evaluated. Third, samples at all locations were collected using well-established and docu-
mented procedures to ensure consistency in sample collection. Fourth, samples were analyzed by
documented standard analytical procedures. Fifth, the quality of the data was verified by a continuing
program of analytical laboratory quality control, participation in interlaboratory cross-checks, repli-
cate sampling and analysis, and splitting samples with other recognized laboratories. In addition, the
ground-water monitoring program included 1) documentation of instrument calibrations and proce-
dures used in the field and the laboratory, 2) scheduled maintenance of wells to ensure their integrity,
3) inspection of wells using downhole TV cameras and other devices, and 4) use of dedicated
sampling pumps to avoid cross-contamination. These programs help ensure that the monitoring data
can be used to evaluate accurately the environmental impacts from Hanford operations.

SAMPLE COLLECTION QUALITY ASSURANCE Sample collection for hazardous materials moni-
toring was performed according to specially de-
veloped written procedures. The samples were
sealed with evidence tape to prevent tampering
and were transported to the laboratory follow-
ing the chain-of-custody procedures required
by EPA for RCRA monitoring programs. Where
possible, the analyses were conducted using
EPA-approved procedures or other standard
methods. In a few cases where standard meth-
ods were not available, an in-house method was
developed, documented, and used by the
laboratory.

Environmental samples were collected by
trained Radiation Protection Technologists us-
ing written procedures documented in
” Environmental Monitoring Procedures” (PNL-
MA-580). The continuity of sampling locations is
maintained year after year by documentation in
”Environmental Sampling Locations Manual”
(PNL-MA-514). To check the precision of sam-
pling and analysis, replicate samples are rou-
tinely collected. The replicate data provided an
estimate of the variability that can be expected
from the total sampling and analysis process.
The summary of the calculated precision based

on replicate sampling is shown in Table A.51, ANALYTICAL LABORATORY QUALITY .

Appendix A. The results indicated the precision ASSURANCE

(or reproducibility) of results in terms of coeffi- Most of the routine radiochemical analyses for
cient of variation was in the range of 20-50%. The the environmental monitoring program were
expected analytical precision for samples above performed under subcontract by UST. This labo-
the minimum detectable concentration is in the ratory maintained an internal quality assurance
range of 10%, indicating there is uncertainty program that involved routine calibration of
added during the sampling processes. The total counting instruments, daily source and back-
precision values were within the expected range ground counts, routine yield determinations of
and were acceptable to assess the concentra- radiochemical procedures, replicate analyses to
tions of radionuclides measured in the - check precision, and analyses of reagents to en-
environment. sure purity of chemicals. Calibration standards

traceable to the National Bureau of Standards
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were used for radiochemical calibrations when
available. The laboratory continued participa-
tion in the DOE Quality Assessment Program
(QAP) and the Environmental Protection
Agency’s (EPA) Laboratory Intercomparison
Studies Program. These programs provide stan-
dard samples of various environmental media
(water, milk, air filters, soil, foodstuffs, and tis-
sue ash) containing one or more radionuclides
in known amounts. After the samples were ana-
lyzed, the results were forwarded to DOE and
EPA for comparison with known values and with
the results from other laboratories. Both EPA
and DOE have established criteria for evaluating
the accuracy of results (Jarvis and Sui 1981;
Sanderson 1985). These programs provided a
regular means of evaluating the accuracy of the
results and indications where corrective actions
were needed. Summaries of the 1985 UST results
in these two programs are provided in Tables 17
and 18. The results were within the acceptable
range for nearly all samples.

The PNL analytical laboratories also participated
in the DOFE’s Quality Assessment Program (QAP)
operated by the Environment Measurements
Laboratory. Table 19 summarizes recent perfor-
mance results in relation to the QAP value and
the 10% of the mean of results reported by the
other laboratory participants.

Surface Monitoring

In addition to the DOE and EPA programs, there
was a constant effort to evaluate the accuracy
and precision of data provided by the analytical
laboratories. All data were reviewed by a com-
puterized anomalous-data system that checked
each entry against established limits. Standard
reference samples of soil, vegetation, and
potato ash were submitted for blind analysis; the
results are shown in Tables A.52 and A.53, Ap-
pendix A. The results of acompressed air sample
split with Reynolds Electrical and Engineering
Co. (REECO) and analyzed for *Kr are shown in
Table A.54, Appendix A.

To evaluate the accuracy and precision of the
environmental dosimeter measurements, three
pairs of dosimeters were exposed to known lev-
els of radiation each month and analyzed with
the routine environmental dosimeters. A sum-
mary of the 1985 results is shown in Table A.55,
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Appendix A. An average bias ot approximately
-2.1% was observed between the known and
measured exposures.

A dosimeter intercomparison was conducted
with the State of Washington Department of
Social and Health Services (DSHS) to compare
the responses of environmental dosimeters.
Dosimeters from each organization were ex-
posed to beta radiation, gamma radiation, and
x-rays of various energies. The results of the
study are shown in Table A.56, Appendix A. The
dosimeters used by the two organizations are of
different types. The environmental dosimeter in
routine use at Hanford uses a very sensitive
phosphor that is shielded to minimize the over-
response to low-energy radiation. The DSHS
dosimeter uses an unshielded, less sensitive
phosphor that over-responds somewhat to low-
energy radiation. The PNL dosimeter does not
respond to beta radiation or to x-rays or gamma
radiation below 60 keV. The test results indi-
cated that agreement between dosimeters was
good for photon energies above 60 keV.

In 1985, PNL and the State of Washington DSHS
shared seven environmental dosimeter loca-
tions. The locations were on the Hanford Site,
around the U.S. Ecology site and the Washing-
ton Public Power Supply System WNP-2 Plant.
The PNL and DSHS dosimeters were put in place
and collected at the same times. The field results
from the two organizations are shown in Table
A.57, Appendix A. The DSHS results averaged
13% higher than the PNL results. This was ex-
pected and was due to the different sensitivities
of the two types of dosimeters, as described
above.

There was a special quality assurance effort con-
ducted in August 1985, involving sampling
springs along the Columbia River. The study was
conducted jointly by the State of Washington,
the State of Oregon, PNL (for the DOE), and
Greenpeace Northwest. The samples were
shared among the participants and indepen-
dently analyzed. Greenpeace Northwest pre-
pared a blind sample for analysis by the
participants. Each laboratory also analyzed a set
of cross-check samples provided by EPA. The
participants met in October 1985 to exchange
results. The analytical results are given in Table
A.58, Appendix A, and show good agreement
among participants.



TABLE 17. U.S. Testing Laboratory Performance on DOE Quality Assessment Program Samples

Number of Analyses

Number Within Control
Sample Media Radionuclides Analyzed Limits®
Air filters "Be, **Mn, ®Co, *Sr, 'S, 15 14®
137CS, ZMU', 238U’ 239Pu, 241Am
Soil K, ®Co, *Sr, "'Cs, ®*Ra, 12 12
> mPU, 234U 238U, 239Pu
Vegetation *K, ®Co, *Sr, "Cs, ®Pu 10 10
Tissue K, 0S¢, 7Cs, 24U, PR, 13 13
226Ra, 239Pu
Water 3H, %*Mn, ®Co, ¥Sr, ¥ Cs, 20 20
WcCe, U, B8, U (total),
239Pu' 241Pu

(a) Control limits from Sanderson (1985).
(b) One sample outside control limits was due to a data transcription error.

TABLE 18. U.S. Testing Laboratory Performance on EPA Laboratory Intercomparison Program Samples

Number of Analyses

Number Within Control
Sample Media Radionuclides Analyzed Limits®

Water Gross Alpha, Gross Beta, 33 33

51Cr, %Zn, ®Co, "™Ru, 7',

134CS 137(:S !
Water 2Ra, PPy, Py 8 ) 8
Water 8y, P 6 6
Water 34 ’ 5 5
Milk 88y, 0Sr, ¥, Cs 9 8
Food 8gr, O5r, 1, W s 8 6
Air Filters Gross Alpha, Gross Beta, 8 8

2sr, ¥ Cs

(a) Control limits from Jarvis and Siu (1981).
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TABLE 19. PNL Performance on DOE Quality Assessment Program Samples

Sample Media Radionuclides
Water *H, “sr, Pu
Soil “K, ™Cs
Tissue K, "Cs
Vegetation ®Co, ¥'Cs

(a) Control limits from Sanderson (1985).

Number of Analyses

Number Within Control
Analyzed Limits®

5 5

2 2

2 2

2 2

Ground-Water Monitoring

One method PNL uses to demonstrate the qual-
ity of the ground-water monitoring data is to
periodically submit duplicate field samples for
analysis by the analytical laboratory. The dupli-
cate samples consist of a record sample and a
blind duplicate sample. The record sample is
labelled with the actual well number and the
blind sample is labelled with a fictitious well
number. Analytical results for the duplicate sam-
ples analyzed for tritium in 1985 are given in
Table A.59, Appendix A. The last column in this
table presents the coefficient of variation for
each pair of duplicate samples, and an indica-
tion of the variability of the two sample results
relative to their average value. Except for pairs of
duplicates with low results, and therefore large
coefficients of variation, the coefficients of varia-
tion were acceptable in the range of 1t0 7%.

Hazardous Materials Monitoring

The quality assurance effort for hazardous mate-
rials monitoring included routine internal
checks performed by the laboratory as well as
external checks conducted by the program to
evaluate laboratory performance. Internal
checks for both inorganic and organic analyses
included extensive use of analytical standards,
blank samples, and spiked samples.

V.4

External quality assurance checks included in-
terlaboratory comparisons conducted using
field samples. Replicate samples were collected
from selected wells in the network and dis-
tributed to the participating laboratories for
analysis. - Participating laboratories included:
UST, which was the primary laboratory, HEHF,
WHC, and PNL. Results of one set of anion com-
parisons are shown in Figures 63 through 65. The
agreement between the three participating labo-
ratories (UST, WHC, and HEHF) was considered
adequate although in some cases they did show
statistically significant differences. For the two
sets of anion analyses evaluated, the maximum
difference between laboratories was 24%. Fur-
ther evaluation of the observed differences will
be conducted upon receipt of information from
the American Society for Testing and Materials
(ASTM).

Evaluation of comparisons of volatile organic
chemicals focused on chloroform. Two labora-
tories (PNL and UST) participated in this com-
parison. The resuits from PNL were generally 20
to 50% higher than the UST results. Information
provided by the EPA (USEPA 1985b) indicated
that, for low concentrations of volatile organic
chemicals, differences of up to 40% were accept-
able. Four of the 14 chloroform comparisons
showed differences outside of this range. These
differences may be partially due to the use of
different analytical equipment.



DOSE CALCULATIONS QUALITY ASSURANCE

Assurance of the quality of the radiation dose
calculations was provided in several ways. First,
comparisons were made against past calculated
doses and significant differences were verified.
Second, all computed doses were double
checked by the originator and by an indepen-
dent third party who also checked all input data
and assumptions used in the calculation. Third,
information necessary to perform all of the cal-
culations was fully documented (see Appendix
F, ”Dose Calculations and Effluents”).
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FIGURE 63. Laboratory Intercomparison Results for Nitrate
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APPENDIX A

MONITORING RESULTS FOR 1985

Appendix A provides tables of environmental data for the reader who has a comprehensive interest in
the individual results from the 1985 sampling effort. The tables present summaries of the data used in
compiling this report. The tables contain some or all of the following information:

¢ the constituent measured

the sampling location

the number of samples collected at that location during the year
e the minimum (lowest) sample value observed

e the maximum (highest) sample value observed

the mean (arithmetic average) of all the sample values

The minimum and maximum values are used to represent the range of values observed at a location,
while the mean represents an average observed value at the location. In some cases the median
(central value) is used where only a few high variable results are available. Further details on data
presentation are given in Appendix E.
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JABLE A.l., Air Sampling Locations and Sample Composite Groups
Map
Composite Group Sampling Location Location(‘)
Onsite
100 Area 100K 1
100N 2
100D 3
Fire Station 4
200 tast Area South of 200E 5
East of 200E 6
200 ESE 7
North of 200 Areas Rt. 11A, Mi., 9 8
N of 200E 9
200 West Area SW BC Cribs 10
Army Loop Camp 11
GTE Building 12
300 Area 300 Pond 13
3614-A Bldg. 14
300S Gate 15
300SW Gate 16
3705 Bldg. 17
400 Area 400E 18
400U 19
4005 20
400N 21
Hanfaord Townsite Hanford Townsite 22
Wye Barricade Wye Barricade 23
Perimeter
Northeast Perimeter Berg Ranch 24
Sagehill 25
Ringold 26
East Perimeter Fir Road 27
Pettett 28
Soutneast Perimeter Byers Landing 29
RRC #64 30
Horn Rapids Road Horn Rapids Rd., Mi, 12 31
Horn Rapids Rd. Substation 32
Prosser Barricade Prosser Barricade 33
ALE ALE 34
West Perimeter Rattlesnake Springs 35
Yakima Barricade 36
Northwest Perimeter Vernita Bridge 37
Wanluke Sliope #2 38
Nearby Communities
Northeast Communities Othello 39
Connell 40
Tri-Cities Pasco 41
Richland 42
Benton City 8enton City 43
Distant Communities
Outer Northeast Moses Lake 44
Washtucna 45
Quter Southeast wWalla Walla 46
McNary Dam 47
OQuter Western Sunnyside 48

Sunnyside Duplicate

(a) Locations are identified in Figure 8.
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TABLE A.2. Concentrations of Gross Beta and Gross Alpha Activity Measured

in Air in the Hanford Environs for 1985

Gross Beta Concentrations(?) pCi/m3 (10712 uCi/me)

Station No.
No. Location(b) Samp. Maximum Miniumum Mean
ONSITE GROSS BETA
1 100K 25 0.081 + 0,006 0.008 + 0,004 0,029 + 0,033
2 100N 25 0.14 + 0.006 0.010 + 0,004 0.034 = 0.052
3 100D 26 0.12 ¢+ 0.006 0.010 * 0.004 0.035 + 0.050
4 100 Fire Station 26 0.099 + 0.010 0.008 + 0.004 0,033 + 0.040
5 S of 200E 21 0.073 + 0.006 0,005 + 0.004 0.030 % 0.035
6 E of 200E 24 0.095 + 0.005 0.018 + 0.004 0.039 + 0.043
7 200 ESE 26 0.13 ¢+ 0.006 0.012 ¢ 0.004 0.041 + 0.049
8 Rt. 11A, Mi., 9 25 0.052 + 0.005 0.010 ¢ 0.004 0.024 + 0.021
9 N of 200E 26 0.12 + 0.006 0.013 + 0.004 0.035 : 0.053
10 SW of BC Cribs 23 0.11 + 0.006 0.010 + 0.004 0.031 : 0.048
11 Army Loop Camp 25 0.27 + 0.008 0.009 t+ 0.004 0.046 + O0.11
12 200 GTE 24 0.12 + 0.006 0.012 ¢ 0,004 0.039 + 0.058
13 300 Pond 23 0.084 + 0,006 0.015 t 0.004 0.034 + 0.035
14 3614A Bldg 25 0.081 + 0.006 0.016 * 0.005 0,032 + 0.037
15 300S Gate 24 0.11 + 0,006 0.008 t 0.004 0.036 t+ 0.052
16 300SW Gate 25 0.11 + 0.006 0,015 * 0.004 0.036 i 0.045
17 3705 Bldg 25 0.11 + 0.006 0.014 + 0.004 0.035 + 0.043
18 400E 25 0.12 + 0.007 0,014 : 0.004 0.038 & 0.050
19 400W 14 0.091 + 0.006 0.015 & 0.005 0,038 + 0.048
20 400S 24 0.078 + 0.006 0.013 + 0.004 0,033 : 0.039
21 400N 13 0.096 + 0.006 0.018 + 0.005 0.040 + 0,051
22 Hanford Townsite 26 0.13 + 0.006 0.009 + 0.004 0.033 * 0.045
23 Wye Barricade 26 0.096 + 0.006 0,015 + 0.004 0.032  0.039.
0.035 + 0.002
Gross Alpha Concentrations(3) pCi/m3(10712 uCi/me)
ONSITE GROSS ALPHA
3 100D 26 0.0028 + 0.0007 0.0005 ¢+ 0.0003 0.0011 ¢+ 0.0012
5 S of 200E 21 0.0023 + 0.0007 0.0005 ¢+ 0.0004 0.0010 % 0.0010
6 E of 200E 24 0.0024 + 0.0007 0.0006 ¢+ 0.0004 0.0011 + 0.0011
7 200 ESE 26 0.0020 =+ 0.0006 0.0007 ¢ 0.0004 0.0011 =+ 0.0008
8 Rt. 11A, Mi. 9 25 0.0020 + 0.0008 0.,0003 ¢+ 0.0006 0.0009 + 0.0008
9 N of 200E 26 0.0031 + 0.0008 0.0006 + 0.0004 0.0012 ¢+ 0.0012
10 SW of BC Cribs 23  0.0020 £+ 0.0006 0,0005 ¢+ 0.0003 0.0010 : 0.0010
11 Army Loop Camp 25 0.0030 =+ 0.0008 0.0005 ¢ 0.0003 0.0011 % 0.0012
12 200 GTE 24 0.0032 + 0.0008 0.0005 ¢+ 0.0003 0.0013 £ 0.0014
13 300 Pond 23 0.0035 + 0.0008 0.0009 + 0.0004 0.0018  0.0015
15 300S Gate 24 0.0021 + 0.0006 0.0004 + 0.0003 0.0011 ¢+ 0.0010
18 400E 25 0.0018 <+ 0.0006 0.0005 ¢ 0.0003 0.0011 ¢+ 0.0008
19 400W 14 0.0022 + 0.0009 0.0006 + 0.0004 0.0012 + 0.0010
20 400S 24 0.0021 + 0.0006 0.0007 <+ 0.0004 0.0011 + 0,0008
21 400N 13 0.0025 ¢+ 0.0010 0.0005 + 0.0003 0.0013 ¢t 0.0012
22 Hanford Townsite 26 0.0026 ¢+ 0.0007 0,0005 £ 0.0003 0.0011 £ 0.0011
23 Wye Barricade 26 0.0018 + 0.0006 0.,0004 ¢t 0.0006 0.0011 ¢+ 0.0009
0.0011 £ 0.0001
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TABLE A.2. contd

Station No.

No. Location(b) Samp. Maximum Miniumum Mean
PERIMETER GROSS BETA
24 Berg Ranch 25 0.11 + 0.006 0.009 + 0.004 0,034 t 0,048
25 Sagehill 26 0.10 + 0.006 0,008 + 0.004 0,032 + 0,044
26 Ringold 26 0.060 + 0.005 0.008 + 0.004 0.021 & 0.025
27 Fir Road 26 0.084 + 0.006 0.006 *+ 0.004 0,030 % 0.039
28 Pettett 24 0.091 + 0.006 0.019 + 0.004 0.034 : 0.034
29 Byers Landing 26 0.084 + 0.006 0.010 + 0.004 0,026 + 0.031
30 RRC #64 24 0.10 + 0.006 0.013 + 0.004 0.034 t 0.044
31 Horn Rapids 26 0.081 + 0,006 0.008 + 0,004 0.029 + 0.038
Rd. Mi. 12
32 Horn Rapids 24 0.060 + 0,005 0.012 + 0.004 0.026 *+ 0.021
Rd. Substation
33 Prosser Barricade 24 0.070 + 0.006 0.017 + 0.004 0.031 + 0.033
34 ERC 24 0.12 + 0.007 0.015 + 0.004 0,032 t 0.044
35 Rattliesnake 26 0.24 + 0,008 0.012 + 0.004 0,042 % 0.095
Springs
36 Yakima Barricade 26 0.31 - + 0.009 0.011 + 0.004 0.046 + 0.12
37 Vernita Bridge 24 0.22 + 0.008 0.008 + 0,004 0.041 + 0.093
38 Wahluke #2 25 ¢.15 + 0.007 0.010 + 0.004 0,036 ¢+ 0.059
0.033 t 0.003
PERIMETER GROSS ALPHA .
24 Berg Ranch 25 0,0Mr28 ¢+ 0.0007 0.0003 + 0.0003 0.0011 ¢ 0.0012
25 Sagehill 9 0.0026 + 0.0007 0.0007 + 0,0004 0.0014 <+ 0.0014
26 Ringold g 0.0022 + 0.0007 0.0003 + 0.0003 0.0010 <« 0.0014
27 Fir Road 8 0.,0016 + 0.0005 0.0008 <+ 0.0004 0,0012 < 0.0007
28 Pettett 24 0.0020 ¢+ 0.0007 0.0004 + 0.0004 0.0011 ¢+ 0.0009
29 Byers Landing 25 0.0020 + 0.0007 0.0004 <+ 0.0003 0,0011 < 0.0010
30 RRC #64 24 0.0020 ¢ 0.0007 0.0005 + 0.0003 0.0011 ¢ 0.0009
31 Horn Rapids 26 0,0021 + 0.0007 0.0003 <+ 0.0003 0.0010 <+ 0.0011
Rd. Mi. 12
33 Prosser Barricade 24 0.0022 ¢+ 0.0007 0.0007 ¢+ 0.0004 0.0010 <+ 0.0008
36 Yakima Barricade 26 0.0027 ¢+ 0.0007 0.0004 ¢+ 0.0003 0.0011 + 0.0012
38 Wahluke #2 25 0,0029 + 0.0008 0.0006 + 0.0004 0.0012 <+ 0.0011
0.0011 + 0.0001
NEARBY COMMUNITIES GROSS-BETA '
39 Othello 25 0.13 + 0,006 0.011 + 0.004 0.034 t 0.050
40 Connell 25 0.15 + 0.007 0.009 + 0,004 0.037 + 0.062
41 Pasco 22 0.081 + 0.006 0.015 &+ 0.004 0.036 + 0.044
42 Richland 24 0.11 + 0.007 0.016 + 0.004 0.035 + 0.048
43 Benton City 25 0.15 + 0.007 0.006 + 0.004 0,029 * 0.055
0.034 + 0.005
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TABLE A.2. contd
Station No.
No. Location(b) Samp. Maximum Miniumum Mean
NEARBY COMMUNITIES GROSS ALPHA
40 Connell 25 0.0033 + 0.0008 ~0.0003 + 0.0003 0.0012 ¢+ 0.0015
42 Richland 24 0.0025 <+ 0.0007 0.0006 ¢+ 0.0004 0.0012 + 0.0010
43 Benton City . 25 0.,0044 + 0.0009 0.0005 + 0.0004 0.0012 + 0.0017
0.0012 + 0.0002
DISTANT COMMUNITIES GROSS BETA
44 Moses Lake 25 0.098 + 0.007 0.012 + 0,004 0.027 *+ 0.039
45 Washtuchna 25 0.11 + 0.007 0.015 + 0.004 0.035 + 0.044
46 Walla Walla 25 0.079 + 0.006 0.014 + 0.004 0,031 & 0.039
47 McNary Dam 25 0.12 + 0.006 0.012 + 0.004 0,034 * 0,044
48 Sunnyside 26 0.11 + 0.009 0.015 + 0.004 0.033 + 0.049
0.032 + 0.004
DISTANT COMMUNITIES GROSS ALPHA
44 Moses Lake 25 0,0027 + 0.0007 0.0004 <+ 0.0003 0.0010 t 0.0011
46 Walla Walla 25 0.0024 + 0.0008 0.0006 <+ 0.0006 0.0011 ¢+ 0.0009
48 Sunnyside 26 0,0042 + 0.0009 0.0005 &+ 0.0003 (0.0012 + 0.0016
0.0011 + 0.0001

(a) Maximum and minimum values 2 sigma counting error.

calculated mean,

(b) Locations are identified in Figure 8.

Averages t2 standard error

of the
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TABLE A.3. Concentrations of Radionuclides Measured in Air in the Hanford Environs for 1985
. a
Concentration, pCi/m3( )§10'12 uCi/me)
Number Concentration
Radio- Compos?ts of Guiaf
Nuclide Group'® Samples Maximum Minimum Average pCi /m <)
34 (HTO) Onsite 177 2.0 ¢ 6.7 3o 1 1.6 3.1 ¢ 0.6 200,000
Perimeter 141 13.0 ¢ 7.8 *-1.3 & 2.3 1.7 :t 0.4
Nearby Communities 25 5.3 t 43 *-7.0 % 2.0 1.5 ¢ 0.6
Distant Communities 26 8.6 ¢+ 5.1 *~1.0 t 1.6 1.8 t 0.9
8¢ (co,) Onsite 18 1.6 t 0.09 1.2 ¢ 0.1 1.4 ¢ 0.1 500,000
Perimeter 31 1.6 & 0.11 1.1 ¢t 0.1 1.3 ¢ 0.1
Nearby Communities 6 1.9 + 0.07 1.3 ¢ 0.1 1.4 & 0.2
Distant Communities 6 1.5 1 0.13 1.1 3t 0.1 1.3 = 03
B3¢r Onsite 39 3400 ¢ 440 15 ¢t 8 710 + 300 600
Perimeter 41 910 t 120 26 t 6 150 ¢ 47
Nearby Coununities(e) 0
Distant Communities 12 180 + 24 19 ¢ 13 58 + 28
90Sr Onsite 32 0.0098 ¢ 0.00025 *0.00002 + 0.00002 0.00075 ¢+ 0.00070 9
Perimeter 31 0.0030 <+ 0.00040 *0.00004 t 0.00005 0.00029 ¢+ 0.00020
Nearby Communities 12 0.00068 + 0.00019 *0.00000 ¢+ 0.00008 0.00020 &+ 0.00013
Distant Communities 12 0.00063 ¢ 0.00010 *0.00004 + 0.00005 0.00021 ¢ 0.00012
106g, Onsite 96 0.013 £ 0.007 *-0.014 t 0.016 0.001 ¢ 0.001 30
Perimeter 96 0.012 ¢ 0.008 *-0.021 & 0.016 0.000 ¢ 0.002
Nearby Communities 36 0.013 + 0.008 *-0.020 ¢ 3.016 0.000 ¢+ 0.003
Distant Communities 36 0.012 t 0.007 *-0.023 ¢ 0.011 -0.001 + 0.003
129! Onsite 7 0.00061 + 0.000076 0.0000014 + 0.00000022 0.00011 ¢+ 0.00017 70
Perimeter (d) 3 0.000021 + 0.0000029 0.0000099 ¢+ 0.0000014 0.000017 t 0.0000079
Nearby Communities 0
Distant Communities 4 0.000019 ¢ 0.0000023 (0.00000002 & 0.00000001 0.0000072 : 0.0000091
131 Onsite 229 *0.023 # 0.023 *-0,014 + 0.0081 0.0002 ¢ 0.0007 400
Perimeter 103 *0.0087 ¢+ 0.0087 *-0.0110 t 0.0064 0.0001 ¢ 0.0009
Nearby Communities 25 *0.0055 t 0.0070 *-0.012 : 0.0090 0.0003 t 0.0018
Distant Communities 25 *0.0061 + 0.0061 *-0.0092 ¢ 0.0106 -0.0006 ¢ 0.0020
137¢, Onsite 96 0.0031 ¢ 0.0015 *-0.0021 + 0.0006 0.0003 ¢+ 0.0002 400
Perimeter 96 0.0028 + 0.0026 £-0.0021 t 0.0019 0.0001 + 0.0002
Nearby Communities 36 0.0013 + 0.0008 *.0.0019 ¢ 0.0018 0.0000 + 0.0003
Distant Communities 36 0.0019 + 0.0010 *.0.0013 ¢ 0.0012 0.0000 £ 0.0003
U(total) Onsite 32 0.0017 £ 0.00039 0.000008 ¢+ 0.000005 0.000172 ¢ 0.000112 0.1
Perimeter (d) 24 0.00027 + 0.000099 0.000042 ¢ 0.000018 0.000120 & 0.000027
Nearby Communities 0
Distant Communities 4 0.00013 + 0.000051 0.000051 ¢ 0.000023 0.000077 + 0.000040
2389u Onsite 32 0.0000095 + 0.0000036 +=-0.0000008 & 0.0000021 0.0000020 + 0.0000011 0.03
Perimeter 31 0.0000088 ¢ 0.0000058 *-0.0000008 ¢+ 0.0000007 0.0000014 = 0.0000009
Nearby Communities 12 0.0000045 ¢+ 0.0000027 * 0.0000000 + 0.0000000 0.0000015 & 0.0000011
Distant Communities 12 0.0000049 + Q.0000031 *-0.0000007 + 0.0000018 0.0000013 ¢ 0.0000012
239,280p, gnsite 12 0.000084 + 0.0000084 * 0.0000000 : 0.0000000  0.0000064 + 0.0000030 0.02
Perimeter 31 0.0000098 + 0.0000065 < 0.0000003 ¢ 0.0000012 0.0000032 ¢ 0.0000010
Nearby Communities 12 0.000010 ¢+ 0.0000042 *-0.0000012 t 0.0000Ci4 0.0000030 + 0.0000020
Distant Communities 12 0.000013 ¢ 0.0000051 * 0.0000001 ¢ 0.0000008 0.0000029 ¢ 0.0000021
(a) Maximum and minimum values t2 sigma counting error. Averages i2 standard error of calculated mean. Entries have been

rounded for clarity.
{b) Onsite, perimeter, nearDy communities, and distant sampling locations are identified in Table A.l and Figure 8.
{c) From draft DOE Derived Concentration Guide (See Appendix C). ’
{(d} The * indicates t2 sigma counting error yreater than result.
(e} No analysis was performed.
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TABLE A.4.

Concentrations of Radionuclides Measured in Air Near the 100 Areas

Number Concentration, pCi/m3(2)
Radfio- Sampli?g of Average :?g?
Nuclide Location ) Samples MHaximum Minimum Average Distant
34 (HT0) X Area 13 12.0 ¢ 6.9 sledgs ¢ 1.3 2.411.8
N Area 13 7.2 1 6.0 *0.3 1 1.7 1.7 ¢ 1.2
0 Area 13 3.7 1 2.6 0.1 ¢ 1.0 1.9 % 1.0
Fire Station 12 3.0¢1.3 0.3 ¢ 1.1 2.341.6
Z.0 0.7 1.8 1 0.9
Y (co,) Fire station 6 1.6 £ 0.1 1.2 § 0.1 1.4 3 0.3 1.3 £ 0.3
305, compostiteld) 4 0.00048 ¢ 0,00005 0.00002 ¢ 0.00002 0.00018 ¢ 0.00023 0.00021 & 0,0012
129} Fire Statfon 4 0.000042 ¢ 0.000006 0.000022 t 0.000003  0.000032 % 0.000010 0.000007 ¢ 0,000009
13 N Area 25 *0.021 ¢ 0.023 *+.0.004 ¢ 0.005 0.002 & 0.003 -0.001 % 0.002
0 Area 26 *0.008 & 0.008 #.0.005 ¢ 0.004 0.001 & 0.002
g Composite 12 0.0004 ¢ 0.0003 *.0,0002 ¢ 0.0003 ©.0002 & 0.0002 0.0000 ¢ 0.0003
U(total) Composite 4 0.00009 ¢ 0.00003 0.00004 ¢ 0.00002 0.00006 ¢ 0.00003 0.00008 ¢ 0.00004
238p, Compos ite 4  0,0000012  0.0000010 *0.0000002 t 0.0000008 0.0000006 : 0.0000007  0.U000013 & 0.0000012
239,240p, (composite 4 0.0000047 § 0.0000019  *0.0000007 ¢ 0.0000015 0.0000027 # 0.0000021  0.0000029 & 0,0000021
Gross .
Beta _ K Area 25 0.081 t 0.006, 0.008 ¢ 0.004 0.U29 & 0.007
N Area 5 0.14 4 0.006 0.010 ¢ 0.004 0.034 & 0.010
D Area 26 0.12 1 0.006 0.010 ¢ 0.004 0.035 ¢ 0.010
Fire Statlon 26 0.099 ¢ 0.010 0.008 ¢ 0.004 0.033 § 0.008
037+ 0. 0.032 + 0.004
Gross
Alpha D Area 26 0,0028 ¢ 0,0007 0.0005 ¢ 0.0003 0.0011 ¢ 0.0002 0.0011 ¢ 0.0001
(a) Maximum and minimum concentrations 2 sigma counting error, Averages $2 standard error of the calculated mean. Entries have

been rounded for clarity,

(b)
(c)
(d)

Distant sampliing locations are fdentified in Table A.l1 and Figure 8.
The * indicates ¢2 sigma counting error greater than result,
Composites of biweekly samples from the individual sampling locations in Table A.1.
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TABLE A.5. Concentrations af Radionuclides Measured in Alr Near the 200E Area

Number Concentration, pCi/m3(‘)
Radto- Sampling of Average 1 8?
Nuclide Locationl ) Samples Hax imum Hinimum Average Distant
34 (H10) S of 200E 13 6.8 ¢ 6.3 0.5t 0.4 2.4 ¢ 1.4
E of 200E 12 32 t 6.7 3.7t 1.1 9.2 1 4.4
200 ESE 13 16 t 6.2 2,91 2.1 5.9 + 2.1
Tt 1.8 1.8 £ 0.9
¢ (co,) 200 Ese 6 1.6 £ 0.1 1.4 1 0.2 1.5 £ 0.2 1.31 0.3
85y, S of 200E 7 500 ¢ 120 15¢8 230 ¢ 140
£ of 200F 9 1400 ¢ 180 21 ¢ 11 620 ¢ 310
200 ESE 10 3400 t 440 4918 1800 + 798
t 320 58 3 28
90, Ccompositel€) 4 0.0098 ¢ 0.00025 0.00004 § 0.00004 0.0026 ¢ 0.0047 0.00021 ¢ 0.00012
1063, composite 12 0.009 ¢ 0.005 +{d)_0,009 4 0.012 0.000 ¢ 0,004 -0.001 ¢ 0,003
129 200 ESE 3 0.00061 § 0.000076  0.0000014 ¢ 0.0000002 0.00021 ¢ 0.00042 0.0000072 t 0.0000091
131 S of 200€ 26 *0.005 ¢ 0.005 *.0,013 § 0.007 -0.001 ¢ 0.002
€ of 200E 24 +0.012 ¢ 0.012 +.0,011 § 0.012 0.00! t 0.003 -0.001 § 0.002
200 ESE 26 +0,009 ¢ 0.009 *.0,006 ¢ 0,007 0.001 ¢ 0,002
137¢s composite 12 0.0012 ¢ 0.0007 #.0.0009 & 0.0012 0.,0002 ¢ 0.0004 0.0000 ¢ 0.0003
u(total) Composita 4 0.00011 ¢ 0.00004 0.00003 ¢ 0.00001 0.00006 ¢ 0.00004 0.00008 t 0.00004
238py  conposite 4 0.0000035 ¢ 0.0000021 *0.0000000 § 0.0000016 0.0000017 ¢ 0.0000019  0.0000013 & 0,0000012
239,240p, composite q 0.000044 ¢ 0.0000084 *0.0000006 ¢ 0.0000008  0.000018 : 0.000022 0.0000029 & 0.0000021
Gross
Beta S of 200€ 21 0,073 ¢ 0.006 0.005 t 0,004 0.030 ¢ 0.008
€ of 200€ 24 0.095 £ 0,005 0.018 t 0.004 0.039 ¢ 0.009
200 £SE 26 0.13 t 0.006 0.012 £ 0.U04 0.041 ¢ 0,010
0371 0. 0.032 & 0.004
Gross
Alpna S of 200€ 21 0.0023 t 0.0007 0.0005 & 0.0004 0.0010 £ 0.0002
E of 200E 24 0.0024 ¢ 0.0007 0,0006 ¢ 0.0004 0.0011  0.0002
200 ESE 26 0.0020 t 0.0006 0.0007 ¢ 0.0004 0.0011 ¢ 0.0002
5 1 0. 0.0011 ¢ 0,0001

(a) Maximum and minimum concentrations $2 sigma counting error. Averages t2 standard error of the calculated mean. Entries have
been rounded for clarity.

(b} Distant sampling locations are identified in Table A.l and Figure 8.

¢) Composites of biweekly samples from the individual sampling locations in Table A,1,

d) The * indicates £2 sigma counting error greater than result.
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. Number
Radio- Sampli?g of
Nuclide Locatfon ) Samples
34 (HT0)  SW BC Cribs 1
GTE Bldg. 12
" 905, Composite(d) 4
106, Composite 12
131y AN Locations{®) 0
o Bleg  composite 12
U(total) Composite 4
2""’Pu Composite 4
239'2‘°Pu Composite 4
Gross
Beta SW BC Cribs 23
Army Loop Camp 25
GTE Bldg. 7
Gross
Alpha SW 8C Cribs 23
Army Loop Camp 25
GTE Bldg. 24
(a)

TABLE A.6.

been rounded for clarity,

Concentrations of Radionuclides Measured in Air Near the 200W Area

Concentration, pti/m3(3)

Average 1?a?

MHax{mum Minimum Average Distant
1.2 ¢ 1.5 (elg2 4 101 2.0 £ 1.3
8.7t 1.6 *0.3 & 1.0 2.0 £ 1.4
7.0 0.9 1.8 £ 0.9
0.0056 ¢+ 0.00026 0.00008 ¢ 0.,00005 0.0015 ¢ 0.0027 0.00021 ¢ 0,00012
0.010 t 0.006 %.0,002 ¢ 0.006 0.003 ¢ 0,003 -0.001 ¢ 0.003
0.0031 ¢ 0,0015 *.0,0014 ¢ 0.0007 0.0002 ¢ 0,0006 0.0000 ¢ 0.0003
0.00011 i 0.00003 0.00006 ¢ 0,00002 0.00008 t 0.00003 0.00008 ¢ 0.00004
0.0000095 ¢ 0.0000036 *-0.0000004 ¢ 0.0000005° 0.0000026  0.0000049  0.0000013 ¢ 0.0000012
0.000010 § 0.0000037 * 0.00 § 0.00 0.0000047 i 0,0000050 0.0000029 ¢ 0.0000021
0.11 t 0.006 0.010 ¢ 0.004 0.031 ¢ 0.010
0.29 ¢ 0,008 0.009 ¢ 0.004 0.046 & 0.021
0.12 ¢ 0.006 0.012 ¢ 0.004 0.039 ¢ 0,012 0,032 ¢ 0.004
0.039 ¢ 0.009
0,0020 ¢ 0,0006 0.0005 ¢ 0.0003 0.0010 ¢ 0,0002
0,0030 ¢ 0.0008 0.0005 ¢ 0.0003 0.0011 ¢ 0,0002
0,0032 & 0.0008 0.0005 ¢ 00,0003 0.0013 & 0.0003 0.0011 ¢ 0,0001

Maximum and minimum concentrations t2 sigma counting error,

0.001T ¢ 0.

Averages $2 standard error of the calculated mean.

Entries have

(b} Distant sampling locations are fdentiflied in Table A,1 and Figure 8.
tc; The * indicates t2 sigma counting error greater than resvit.
d} Composites of biweekly samples from the individval sampling locations In Table A.l.
(e) Not routinely analyzed.
IABLE A.7, Concentrations of Radionuclides Measured in Air North of the 200 Area
Number Concentration, pCi/m3(2]
Radio- Samplln? of Average 1?8?
Nuclide _ Location ) Samples Hax{imum Minimum Average Oistant
3M (HT0) Rt. 11 A, Mi, 9 13 6.9¢1.8 ‘(C)I.O t 1.6 1.7 ¢ 1.1
N of 200E 13 12 ¢ 1.7 *0.8 ¢t 1.7 3.8+1.8
7.8 ¢ 1.1 1.8 ¢ 0.9
90g.  compositeld) 4 0.0033 § 0.00022 0,00007 + 0,00005 0.00091 ¢ 0.0016 0.00021 ¢ 0.00012
106,  compostte 12 0.013 ¢ 0.007 *.0.010 ¢ 0.008 0.001 ¢ 0.004 -0.001 ¢ 0.003
131 A1 Locations(®)
137cs  composite 12 0.0017 ¢ 0.0015 +.0,0005 t 0.0012 0.0005 ¢ 0.0005 0.0000 ¢ 0.0003
U{total) Composite -4 0.0017 ¢ 0.00039 0,00007 t 0.00003 0.00051 ¢ 0.00080 0.00008 ¢ 0.00004
238p,  composite 4 0.000006 & 0.000005 *-0.000001 t 0.000002 0.000002 ¢ 0.000003 0.0000013 ¢ 0.0000012
. 239,240py composite [ 0.000013 3 0.000005 * 0.000002 ¢ 0.000003 0.000008 § 0.000006 0.000003 # 0.000002
Gross
Beta Rt. 11 A, M, 9 25 0.052 ¢ 0.005 0.010 ¢t 0.004 0.024 ¢ 0.004
N of 200E 26 0.12 t 0.006 0.013 ¢ 0.004 0,035 & 0.010
- - . t 0.0 0.032 ¢ 0.004
’ Gross i
Alpha Rt. Il A, Mi, 9 25 0.0020 ¢t 0.0008 *0.0003 t 0.0006 0.0009 ¢ 0.0002
N of 200E 26 0.0031 ¢ 0.0008 0.0006 & 0.0004 0.0012 % 0 0000
0010 ¢ 0.0011 t 0.0001
(a) MHaximum and minimum concentrations t2 sigma counting error. Averages t2 standard error of the calculated mean, Entries have
been rounded for cliarity,
{b) Distant sampling locations are identified in Table A.l and Fiqure 8.
{c) The * {ndicates $2 sfgma counting error g¢reater than resuilt.

(e

Composites of biweekly samples from the individual sampling locations in Table A.l,
Not routinely analyzed.




N TABLE A,B. Concentrations of Radionuclides Measured in Air Hear the 300 Area

Number Concentration, pCi/ma(a)
Radio- Sampli?g of Average 1 B?
Nuclide Location ) Samples Max imum Minimum Average Distant
85, 300 Pond 11 880 ¢ 110 N1t9 180 ¢ 130 58 1 28
905, compasitel®) 4 0.0004) % 0.00006 0,00004 ¢ 0.00002 0.00016 * 0.00018 0.00021 % 0.00012
131 300 SW Gate 26 +(d)g, 012 ¢ 0.012 *-0,014 ¢ 0.008 -0.002 % 0.002 -0.001 ¢ 0.002
e composite 12 0.0009 t 0.0004 *.0,0009 ¢ 0,0005 0.0002 + 0.0003 0.0000 + 0.0003
u(total) Compasite 4 0.00045 ¢ 0,00011 0,00004 ¢ 0,00002 0.0002) ¢ 0.00020 0.00008 + 0.00004
238, Compasite 4 0,0000012 t 0.0000009 ¢0.0000003 ¢ 0,0000006 0.0000008 & 0.0000006  0.0000013 & 0.0000012
233,240py  composite 4 0,0000062 t 0,0000020 *0,0000003 ¢ 0,0000006 0.0000026 ¢ U.0000029  0.0000029 ¢ 0.0000021
Gross
Beta 300 Pond 23 0.084 ¢ 0,006 0.015 ¢ 0,004 0.034 ¢ 0.007
3614-A Bldg. 25 0.081 ¢ 0,006 0.016 £ 0,005 0.032 4 0.007
300 § Gate 24 0.11 t 0,006 0,008 ¢ 0,004 0.036 ¢ 0.011
300 SW Gate 25 0.11 ¢ 0.006 0.015 ¢ 0.004 g.g;g ' g.gg;
. 0.006 0.014 § 0,004 .035 ¢ 0,
3705 Bids # ol ! .035°1 0,00 0.032 ¢ 0,004
Gross
Alpha 300 Pond 23 0.0035 ¢ 0.0008 0.0009 § 0.0004 0.0018 ¢ 0,0003
300 § Gate 2 0.0021 ¢ 0.0006 0,0004 § 0,0003 0.0011 # 0,0002
. 0.0015 ¢ 0.000 0.0011 ¢ 0.0001

(a) Maximum and minimum concentrations 2 sigma counting error, Averages t2 standard error of the calculated mean, Entries have
been rounded for clarity.

{b) Distant sampiing locations are fdentified in Table A,1 and Figure 8.

(c) Composites of biweekly samples fran the individual sampling locations in Table A.l,

(d) The * indicates $2 sigma counting error greater than result,

TABLE A.9. Concentiations of Radionuclides Measured in Alr Near the 400 Area

Number Concentration, pCi/m3(3}
Radio- Sampll?a of Average 3?8?
Nuclide Location ) Samples Max{mum Minimum Average Distant 5
34 (Wr0)  400€ 13 2t 13 - +ledgy ¢ 11 3.2 ¢ 3.3 1.8 £ 0.9
905, Compositetd) 4 0.00079 t 0.00607 0.00006 ¢ 0.00003 0.00032 ¢ 0.00036 0.00021 ¢ 0.00012
13y 400€ 26 *0.008 ¢ 0.008 *-0.009 & 0.006 -0.001 & 0.002
400K 13 *0.005 ¢ 0.005 +.0,003 t 0.005 0.000 ¢ 0.002 -0.001 t 0.002
4005 24 *0.006 ¢ 0.006 *-0.008 ¢ 0.006 0.000 ¢ 0.002
400N 12 *0.009 $ 0.009 +-0.008 t 0.007 0.001 ¢ 0.004
13 composite 12 0.0017 t 0.0009 *0.0010 & 0.0006 0.0001 ¢ 0.0005 0.0000 & 0.0003
U(total) Composite 4 0.000149  0.000054  0.000003 t 0.000005 0.000075 ¢ 0.000070 0.00077  0.000040
238p,  Composite 4 0.000002 ¢ 0.000001 *0.000000 t 0.000002 0.000001 ¢ 0.000001 0.000001 ¢ 0.000001
239,240p,  Composite 4 0.000015 # 0.000003  *0,000001 § 0.000002 0.000007 ¢ 0.000018 0.000003 § 0.00000%
Gross
Beta 400E 25 0.119 ¢ 0.007 0.014 ¢ 0.004 0.038 ¢ 0.010
400W 14 0.091 ¢ 0.006 0.015 t 0.00% 0.038 $ 0.013
4005 24 0.078 ¢ 0.006 . 0.013 ¢ 0.004 0.033 t 0.008
400N 11 0.096 ¢ 0.006 0.018 ¢ 0.005 0,040 ¢ 0.014
.037 ¢ 0.005 0.032 ¢ 0,004
Gross
Alpha  400€ 26 0.0018 ¢ 0.0006 0.0005 ¢ 0.0003 0.0011 ¢ 0.0002
400W ] 0.0022 ¢ 0.0009 0.0006 ¢ 0.0004 0.0012 £ 0.0003
4005 2 0.002] ¢ 0.0006 .  0.0007 & 0.0004 0.0011 ¢ 0.0002
400N 13 0.0025 § 0.0010 0.0005 & 0.0003 0,0013 $ 0.0003
T.00TT ¢ 0.0001 0.0011 ¢ 0.0001

(a) Maximum and minimum concentrations 2 sigma counting error., Averages 2 standard error of the calculated mean.
Entries have been rounded for clarity,

b) Distant sampling locations are fidentified in Table A.1 and Figure 8,

c) The * {ndicates £2 sfigma counting error greater than result.

d) Composites of biweekly samples from the {ndividual sampling lacations in Table A.].
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TABLE A.10, Concentrations of Radionuclides Measured in Afr in the 600 Area

Humber Concentration, pCi/m3(2)
Radio- Sampli?g of Averzge 1?8?
Nuclide Location | Samples Maximum Hinimum Average Cistant b
34 (HT0) Hanford Townsite 13 4.7 11.9 0.7 ¢ 1.0 2.2 ¢ 1.1 1.8 £ 0.9
Wye Barricade 13 4.2 ¢ 3.7 *0.8 t 0.9 2.7 ¢1.5
14¢ (co,) Wye Barricade 6 1.5 t 0.06 1.3 4 0.06 | 1.4 ¢ 0,18 1.3 £ 0.3
90¢, Hanford Towns!te I 0.00020  0.00019 *{C}g.00009 ¢ 0.00012 0.00016 # 0.00009 0.00021  0.00012
Wye Barr{cade 4 0.00061 ¢ 0.00013 0.00013 & 0.00008 0.00027 % 0.00024
ull Hanford lo«nslai(d) 0 H
Wye Barricade 0
137¢s  Hanford Townsite 12 0.0016 ¢ 0.0014 +.0.0010 t 0.0016 0.0006 ¢ 0.0010 0.0000 ¢ 0.0003
Wye Barricade 12 0.0017 ¢ 0.0011 *.0.0020 t 0.0017 0.0002 ¢ 0.0014
U(total) Hanford Townsite 4 0.00077 t 0.00004 0.00006 ¢ 0.00004 0.00030 ¢ 0.00035 0.00008 ¢ 0.00004
Wye Barricade ’ 0.00017 & 0.00007 0.00003 ¢ 0.00002 0.00009 & 0.00014
238py  Hanford Townsite 4 0.000009 ¢ 0.000006 *0.000000 t 0.000000 0.000004 ¢ 0.000005 0.000001 ¢ 0.000001
Wye Barricade 4 0,000008 ¢ 0.000005 *0.000000 ¢ 0.000000 0.000004 ¢ 0.000004
239,240py  janford Townsite 4 0.000005  0.000005 *0.000001 ¢ 0.000002 0.000003 t 0.000003 0.000003 ¢ 0.000002
Wye Barricade . 0.000013 t 0.000007 *0.000001 ¢ 0.000001 0.000006 + 0.000006
Gross -
geta Hanford Townsite 26 0.13 1t 0.006 0.009 ¢ 0.004 0.033 ¢ 0.009 0.032 ¢ 0.004
Hye Barr{cade 26 0.096 ¢ 0.006 0,015 ¢ 0.004 0.032 ¢+ 0.008
Gross
Alpha  Hanford Townsite 26 0.0026 ¢ 0.0007 0.0005 ¢ 0.0003 0.0011 t 0.0002 0.0011 t 0.0001
Wye Barr{cade 26 0.0018 # 0.0006 +0.0004 ¢ 0.0006 0.0011 & 0.0002

(a) Maximum and minimum concentrations 2 sigma counting error. Averages 2 standard error of the calculated mean. Entries have
been rounded for clarfity.
b) Distant sampling locattons are identified in Table A.)l and Figure B,
c¢) The * tndicates t2 sigma counting error greater than result,
{d) Mot routinely analyzed.
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TABLE A.11. Average, Minimum and Maximum Tritium Concentrations in the
Ground Water

No. of Concentration, pCi/e (2)

Well Name Samples Minimum Maximum Average
1-83-1 2 1800 + 550 2000 # 430 1900 + 430
1-83-2p(b) 1 670 t 420 670 1 420 670 + 420
1-83-20(P) 2 430 + 410 1000 + 540 715 + 791
1-B4-1 4 8600 + 560 67000 ---{S) 40900 + 28400
1-84-2 4 2300 + 490 19000  --- 8950 + 8120
1-84-3 3 4900 + 580 130000 --- 56000 + 85400
1-84-4 2 1600 + 430 3600 + 570 2600 + 2530
1-85-1 3 940 + 420 1500 + 550 1250 + 474
1-89-1 2 940 + 420 . 1900 + 550 1420 + 1250
1-02-5 2 1600 t 490 2800 + 560 2200 £ 1550
1-D5-12 4 2800 + 460 4400 + 580 3650 + 818 -
1-D8-3 4 3200 + 510 3800 + 470 3450 + 385
1-F5-1 4 -180 + 410 510 + 430 209 + 410
1-F5-3 4 660 + 470 1300 + 560 1010 + 391
1-F5-4 4 18000  --- 23000 + 640 20300 + 2440
1-F5-6 4 560 + 430 930 + 480 825 + 298
1-F7-1 4 290 + 420 1900 + 550 1120 + 817
1-F8-1 4 13000  --- 39000  --- 25000 + 12600
1-F8-2 4 2200 + 450 3400 + 510 2930 + 634
1-H3-1 5 2400 + 490 4900 + 600 3580 + 990
1-H8-3 a 250 + 470 1100 + 540 568 + 477
1-H4-4 3 -450 + 460 620 + 420 10+ 774
1-H4-5 2 -510 + 450 620 + 420 128 + 598
1-H4-6 4 910 + 480 2700 # 580 1600 + 904
1-K-11 4 2200 + 440 3500 * 510 2780 + 680
1-K-19 4 17000 t 570 30000  --- 24300 + 6320
1-K-20 4 1300 + 440 4300 + 520 2350 + 1480
1-K-22 4 940 + 480 1800 + 550 1310 + 480
1-K-27 4 1400 + 430 2600 + 580 1830 + 632
1-K-28 4 2100 + 430 4400 * 520 3550 + 1150
1-K-29 4 42000  --- 59000  --- 49300 + 8260
1-K-30 4 360000 --- 490000 --- 420000 + 63200
1-N-2 3 17000  --- 58000 --- 36000 + 28000
1-N-3 4 33000 --- 56000 + 870 45500 + 11200
1-N-4 3 33000  --- 43000  --- 37300 + 6820
1-N-5 2 34000  --- 40000 --- 37000 + 7520
1-N-6 3 25000 --- 67000 + 930 42000 + 28700
1-N-7 3 30000 --- 46000  --- 35300 + 10900
1-N-14 4 30000  --- 60000 + 890 43500 + 14600
1-N-15 3 25000  --- 35000  --- 29000 + 6820
1-N-16 8 -390 + 450 2100 + 580 718 £+ 1230
1-N-17 4 16000  --- 52000  --- 31800 + 17500
1-N-18 3 15000  --- 51000  --- 30700 + 24600
1-N-19 4 14000 + 560 20000 --- 22000 + 7290
1-N-20 4 9000 + 510 23000 --- 17000 + 6810
1-N-21 4 9300 £ --- 32000 --- 17300 + 11000
1-N-22 4 2100 + 560 6800 + 470 4050 + 2300
1-N-23 3 4200 + 580 17000 + 570 10600 + 6230
1-N-24 1 4000 * 500 4000 + 500 4000 + 500
1-N-25 1 190 t 460 190 + 460 190 + 460
1-N-26 4 53 + 410 790 + 550 326 + 427
1-N-27 3 35000  --- 62000  --- 45700 t 18400
1-N-28 3 38000  --- 61000 --- 45700 + 15700
1-N-29 3 33000 --- 64000 --- 48700 + 21200
1-N-30 3 28000  --- 44000  --- 35700 + 10900
1-N-31 4 25000  --- 54000  --- 36800 + 14100
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TABLE A.1l. (contd)
No. of Concentration, pCi/lL(a)

Well Name Samples Minimum Maximum Average

1-N-32 3 29000  --- 42000  --- 34700 + 8870
1-N-33 4 29000  --- 52000 --- 42500 + 11200
1-N-34 4 27000  --- 55000 --- 35800 t+ 13600
2-E19-1 4 -440 + 540 7900 + 490 2080 & 4060
2-£23-1 4 4800 t 460 6700 + 610 5650 + 963
2-E24-7 4 4900 + 630 6500 + 610 5480 + 825
2-£25-2 3 12000 + 690 14000  --- 13000 + 1400
2-£26-1 3 5§70 + 550 1200 + 420 850 + 525
2-E26-3 4 4900 + 480 21000  --- 10500 + 7830
2-E27-1 3 8600 + 660 14000  --- 10600 + 3700
2-£28-1 4 7700 t 660 9700 + 510 8580 + 1010
2-£28-5 4 2300 + 500 9600 t 520 5830 + 3560
2-£33-14 3 370 + 410 2400 + 600 1150 + 1420
2-W6-1 3 25000 t --- 43000 ¢ 790 36700 ¢+ 12300
2-W10-5 3 10000 + 540 13000  --- 11300 £ 2060
2-W11-9 3 890 t 560 8000 510 3300 + 4860
2-W12-1 3 1900 + 490 2400 + 570 2100 + 449
2-W15-2 2 390 + 470 850 + 560 620 + 683
2-W18-3 3 -350 ¢ 450 1600 + 440 523 + 1360
2-W21-1 3 180000 --- 230000 --- 200000 + 34100
2-W22-7 3 470000 -~-- 540000 --- 507000 + 47800
2-W22-9 3 8900000  --- 9400000 --- 9170000 : 341000
2-W22-10 1 740000  --- 740000 --- 740000 ——
3-1-5 1 18 + 420 18 + 420 18+ 420
4-50-7 4 20000 --- 39000  ~-- 25800 + 9230
4-50-8 4 18000  ~--- 59000  --- 32000 + 19900
4-S1-78 4 63000 --- 74000  --- 67500 + 5350
4-51-7C 4 86000 --- 91000  --- 88300 + 2430
4-51-8A 4 96000  --- 100000  --- 98000 + 1940
6-53-25 4 -370 + 460 50 + 420 -190 + 307
6-53-E12 4 3000 + 490 4000 + 480 3430 + 548
6-56-E48 4 22000  --- 28000 --- . 24300 + 2920
6-56-E4D 4 32000  --- 36000  ~-- 34300 + 1940
6-S6E14A(P) 5 -400 + 410 480 + 550 13+ 400
6-57-34 3 -250 + 430 510 + 540 173+ 583
6-58-19 4 -480 + 460 350 t 410 -50 + 465
6- 511512A(b) 5 -440 + 450 1500 t 560 191+ 777
6-s11£12aP(P) 5 45 + 550 1800 t 450 110 711
6-512-3 4 -100 ¢ 550 250 + 440 113 + 298
6-519-E13 3 4300 t 520 4800 t 450 4500 + 441
6-528-E0 5 -320 + 540 180 + 550 24 + 288
6-529-E12 3 -70 £ 470 240 1 410 65 + 327
6-S30E15A 3 -130 + 430 480 + 480 157 + 488
6-531-1P 4 -430 + 460 390 ¢ 420 10 £ 462
6-1-18 4 61000  --- 69000  --- 63800 £ 3890
6-2-3 12 110000  --- 120000 --- 114000 £ 2970
6-2-33A 3 -450 ¢ 450 390 + 550 73 & 635
6-3-45 2 190 + 540 370 & 400 280 + 405
6-4-E6 4 -360 + 410 330 + 440 -128 + 408
6-8-17 4 160000  --- 160000 --- 160000 -—-
6-8-25 4 44000  --- 50000  --- 46300 + 2920
6-8-32 3 -220 ¢ 410 110 + 440 -3 + 351
6-9-E2 5 -360 t 410 110 + 480 -112 & 277
6-10-E12 4 11000  --- 12000 + 520 11500 + 541
6-13-64 3 260 + 440 1200 + 540 727 £ 696
6-14-E6T 3 37000  --- 39000  --- 38300 + 1400
6-14-38 3 -110 + 460 400 + 530 112 + 443
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TABLE A.11. (contd)
No. of Concentration, pCi/e(2)

Well Name Samples Minimum Maximum Average

6-14-47 4 -52 + 430 990 + 540 292 + 554
6-15-158 g -510 + 450 120 + 410 -198 + 383
6-15-26 3 78000  --- 110000  --- 90000 + 21800
6-17-5 5 -410 + 440 50 + 470 -218 £+ 273
6-17-70 3 -46 + 430 390 + 550 238 + 401
6-19-43 2 530 + 540 600 + 430 565 + 356
6-20-E5A 5 44000 --- 50000  --- 47400 + 2320
6-20-Es5AP(D) 4 -54 + 420 530 + 450 195 + 371
6-20-E5AQ(D 4 -310 + 410 530 + 450 -45 + 472
6-20-ESAR 4 -3 + 420 980 + 460 318 + 535
6-20-E12 1 99 + 600 99 + 600 99 + 600
6-20-E12p(B) 3 -250 + 590 330 + 430 33+ 488
6-20-20 4 260000  --- 310000  --- 278000 + 24300
6-20-39 3 =310 + 460 770 + 540 213 &+ 787
6-20-82 3 =370 1 430 1100 + 540 303 £ 1040
6-21-6 11 52000 + --- 79000 + 1000 57900 + 4530
6-22-70 3 -25 + 440 370 + 410 228 + 380
6-24- 1P(b) 3 -290 + 590 170 + 430 10 & 425
6-24-1Q(b) 3 -350 + 420 82 + 450 -133 + 409
' 6-24- 1R(b) 3 -250 t 420 100 + 450 -103 + 371
6-24-15(b) 3 -52 + 450 340 + 600 95 + 392
6-24-1T 2 9000 520 9800 t 550 9400 + 1070
6-24-33 3 28000 = 670 0000 --- 35000 + 8190
6-24-46 1 490 t 540 490 + 540 490 + 540
6-25-55 2 -53 + 570 150 + 440 49 + 441
6-25-70 1 1600 + 420 1600 t 420 1600 + 420
6-26-15A 4 330000 -~ 420000 --- 388000 + 43700
6-27-8 3 410000 --- 470000  --- 443000 + 40900
6-28-40 1 9100 + 690 9100 + 690 9100 + 690
6-28-40pP(b) 1 120 + 600 120 + 600 120 + 600
6-28-52A 2 -470 + 560 230 t 440 -120 + 947
6-29-4 12 110000  --- 130000 t --- 118000 + 4140
6-29-78 4 11 + 470 1500 + 550 541 + 761
6-31-31 3 140000  --- 160000  --- 147000 + 13600
6-31-31p(b) 3 13 + 420 470 £ 610 231 + 425
6-31-538 2 -4 £ 570 110 + 400 53+ 376
6-32-22 3 350000 -- 490000 --- 420000 + 95500
6-32-43 4 43000 --- 140000 --- 73000 £ 47100
6-32-62 1 -120 ¢ 600 -120 t 600 -120 £ 600
6-32-708 4 270000 --- 290000  --- 280000 + 9720
6-32-72 4 130000  --- 140000 --- 135000 + 4860
6-32-77 3 -320 + 460 1000 + 550 370 + 942
6-33-42 4 100000  --- 280000 180000 + 87500
6-33-56 3 -280 t 570 190 + 400 -107 + 421
6-34-39A 4 31000 + 700 69000 --- 52000 + 18500
6-34-418 3 75000  ~-- 89000  --- 80700 + 9550
6-34-42 4 93000 --- 150000 --- 126000 + 27700
6-34-51 2 -370 ¢ 600 16 + 440 -177 + 610
6-34-88 3 -190 + 570 130 + 440 -73 & 360
6-35-9 5 160000  --- 180000  --- 168000 + 7690
6-35-66 4 1200000 --- 1200000 --- 1200000 ——
6-35-70 4 1800000 --- 2100000 --- 1930000 ¢+ 146000
6-36-46P(D) 3 -540 t 560 -120 + 420 -370 + 39
6-36-460(D) 3 -500 + 560 760 + 430 33¢& 903
6-36-618 3 -470 £ 600 550 + 470 63 + 753
6-36-93 2 -88 + 460 460 t 400 186 + 751
6-37-E4 11 19000 -- 32000  --- 24900 £+ 2270
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TABLE A.11. (contd)

No. of Concentration, pCi/z(a)

Well Name Samples Minimum Maximum Average

6-37-43 4 23000 + 640 38000 --- 28300 + 7300
6-37-82A 4 -390 + 570 450 t 420 90 : 474
6-38-15 4 530000 --- 580000 --- 560000 + 24300
6-38-65 4 290000  --- 330000 --- 315000 + 19400
6-38-70 4 1400 t 430 2800 t 570 2130 ¢ 723
6-39-0 12 230000 --- 250000 --- 240000 £+ 4260
6-39-39 2 -170 ¢ 470 570 + 400 200 % 977
6-39-79 3 -400 + 410 1300 + 550 450 £+ 1190
6-40-1 4 230000 --- 240000 --- 233000 + 4860
6-40-33A 4 -330 ¢ 410 43 + 410 -136 ¢ 297
6-40-62 4 42000 = --- 50000 --- 45500 + 3890
6-41-1 12 220000 --- 250000 --- 236000 + 5200
6-41-23 3 260000 --- 310000  --- 283000 + 34100
6-42-2 12 200000 --- 220000  --- 209000 + 4580
6-42-12A 4 360000 --- 320000  --- 315000 + 9720
6-43-3 12 210000 --- 230000 --- 222060 £ 4140
6-43-88 3 -170 t 430 1600 + 430 445 + 1240
6-44-4 12 100000  --- 150000 --- 123000 + 9320
6-44-64 4 140 t 440 670 t+ 420 440 350
6-45-2 12 140000  --- 200000  --- 179000 + 129000
6-45-42 4 53000 --- 65000 --- 57300 £+ 5830
6-45-69A 4 -360 t 410 2000 + 560 583 + 1170
6-46-4 12 130000 --- 220000  --- 167000 + 15200
6-46-~218 4 37000 --- 42000 --- 39000 + 2430
6-47-5 12 60000 --- 170000 --- 121000 + 22200
6-47-35A 4 -430 £ 410 330 & 540 : -220 £ 433
6-47-46A 4 -560 ¢+ 590 50 + 410 -190 ¢ 378
6-47-60 4 -430 + 440 410 + 550 -90 + 468
6-48-7 4 -270 £ 410 320 + 460 74 & 368
6-48-18 4 -320 t 410 150 + 540 -107 ¢t 323
6-48-71 3 =23 t 470 340 + 420 186 371
6-49-13E 4 -290 t+ 410 330 + 450 35t 379
6-49-28 3 -210 £ 590 490 + 420 27 & 556
6-49-55A 4 5500 t 660 6900 + 490 6230 732
6-49-57 4 5500 t 510 8100 + 620 T 6700 £ 1290
6-49-79 4 -470 £ 560 60 £ 440 -127 ¢ 347
6-50-288B 4 -150 t 440 1000 + 410 435 t 604
6-50-30 3 -68 + 430 270 + 410 137 ¢ 353
6-50-42 4 1600 + 440 2400 £ 570 2100 ¢ 457
6-50-53 4 -300 t 570 250 + 420 30 : 354
6-50-85 4 -500 t 560 140 + 440 -215 389
6-51-63 4 -140 + 430 260 + 410 54 & 302
6-51-75 4 -420 + 560 570 + 430 -54 536
6-53-35 3 ~-170 + 460 180 + 540 35 ¢t 363
6-53-103(P) 1 -340 & 570 -340 t 570 -340 £ 570
6-54-34 3 -400 + 410 1200 t 550 273 £+ 1130
6-54-378 1 530 + 550 530 + 550 530 t “-—-
6-54-42 2 150 + 410 230 + 540 190 = 354
6-54-45A 1 270 t 540 270 + 540 270 + 540
6-55-40 3 -130 + 430 510 + 550 141 ¢ 513
6-55-44 3 -65 + 430 1200 + 550 535 ¢ 905
6-55-50A 3 240 t 560 390 + 460 297 ¢ 296
6-55-50C 3 3 + 460 920 + 550 315 684
6-55-500 1 -45 t 410 -45 t 410 -45 £ 410
6-55-70 3 -490 t+ 560 240 + 410 -93 569
6-55-76 1 -170 t 420 =170 + 420 -170 420
6-56-43 3 -210 + 430 640 £ 550 227 + 640
6-57-25A 4 -310 t 410 540 t 400 108 ¢t 471
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TABLE A.11. (contd)

No. of Concentration, pCi/al?)

Well Name Samples Minimum Maximum Average

6-57-29A 3 270 t+ 420 1000 £+ 550 660 + 570
6-58-24 3 -250 + 430 560 + 550 126 + 615
6-59-32 4 360 + 420 920 t 460 633 + 358
6-59-58 4 840 t 430 1600 ¢ 560 1190 + 439
6-60-32 3 420 + 420 960 t 550 700 + 461
6-60-57 4 -290 t 590 820 t 460 333 £ 590
6-60-60 3 7600 + 520 8000 + 680 7830 + 429
6-61-41 4 -210 + 420 5 ¢+ 420 -78 + 252
6-61-62 4 8000 + 680 8600 + 510 8330 + 406
6-61-66 4 -390 + 590 240 + 410 -76 + 387
6-62-43F 4 49 + 420 1000 + 460 597 + 518
6-63-25A 4 -500 + 590 240 + 400 -253 + 429
6-63-51 2 -100 + 420 490 t 480 195 £ 805
6-63-55 4 90 ¢+ 570 1000 + 480 588 + 503
6-63-58 4 10 + 420 710 + 550 305 £ 413
6-63-90 4 -100 ¢ 410 240 ¢ 410 60 + 266
6-64-27 2 -290 + 590 100 + 400 -95 ¢+ 605
6-64-62 4 7100 + 670 8900 ¢ 510 8030 + 918
6-65-23 1 -190 + 590 -190 + 590 -190 £+ 590
6-65-50 4 310 1 420 830 + 580 573 + 347
6-65-59 4 54 + 600 750 + 430 419 + 415
6-65-72 4 3200 t 450 3800 t 640 3500 + 389
6-65-83 4 750 + 420 1600 + 430 1160 + 477
6-66-58 4 64 + 600 690 t 460 284 + 388
6-66-64 4 5700 t 470 7000 % 650 6330 t 686
6-66-103 2 -58 + 460 320 + 400 131 + 563
6-67-51 4 370 £ 600 1200 + 440 800 + 471
6-67-86 4 500 + 420 1200 + 430 913 + 413
6-67-98 3 -58 + 410 440 t 610 121 ¢+ 444
6-68-105 2 -61 + 460 190 + 400 65 + 438
6-69-38 3 -590 + 590 230 t 410 -167 + 625
6-70-68 1 1300 + 430 1300 + 430 1300 + 430
6-71-30 2 -400 % 590 60 + 400 -170 + 678
6-71-52 4 560 + 600 1400 t 430 1010 + 476
6-71-77 2 2700 + 440 3400 t 500 3050 + 938
6-72-73 1 1300 ¢ 430 1300 + 430 1300 + 430
6-72-88 4 2700 + 630 3300 + 450 3030 + 386
6-72-92 2 2100 : 480 3800 + 450 2950 + 2160
6-72-98 1 130 + 460 130 + 460 130 £+ 460
6-73-61 3 -130 + 460 590 ¢ 610 210 + 571
6-74-44 4 -600 + 590 150 t+ 440 -98 + 433
6-77-36 4 -480 + 590 300 + 400 -99 + 445
6-81-58 4 -490 t 590 60 + 420 -200 + 357
6-83-47 2 510 + 580 © 600 + 430 555 + 378
6-84-35A0 2 -590 + 590 -120 + 420 -355 ¢+ 691
6-87-55 4 62000 --- 70000 --- 64800 + 3890
6-90-45 4 4800 + 650 5400 + 520 5100 + 396
6-96-49 4 17000  --- 18000  --- 17300 + 542
6-97-43 4 9900 t 570 11000 + 530 10200 + 610
6-97-51A 4 13000 + 560 16000 ¢+ 570 14500 + 1480
6-101-488 2 -290 + 590 140 + 420 -75 + 649

(a) Maximum and minimum values t2 sigma counting error. Averages t2
standard error of the calculated mean.

(b) Wells that sample the confined aquifer or a composite of the unconfined/
confined aquifers.

(c) The counting error was not reported when it was less than 2% of the
concentration value.
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TABLE A.12.

{odine-129 Concentrations in Wells Sampled

in 1985
Sample Date Result, % b
Locations(a) Sampled pCi/e Error(P)
699-25-55 9/12/85 0.00005 6.1
699-26-15A 9/12/85 2.78 7.2
£99-27-8 9/12/85 2.08 5.7
699-32-22 9/12/85 5,58 7.1
699-35-66 5/30/85 6.97 7.3
8/20/85 5,72(¢) 7.2
699-35-70 5/30/85 66.9 7.3
8/20/85 57.1(¢c) 7.1
699-37-E4 9/12/85 0.022 5.4
1/7/86 0.028 5.6
699-39-39 5/30/85 0.00029 7.4
8/20/85 0.0464(¢) 7.3
699-41-1 9/10/85 0.255 5.4
1/8/86 0.214 5.6
699-41-23 9/12/85 2.94 7.1
699-46-4 9/10/85 0.093 5.4
1/8/86 0.140 5.6
699-50-85 9/12/85 0.000008 6.4
699-101-488 9/12/85 0.000016 6.1
299E-17-1 4/1/85 22.5(c) 6.4
5/30/85 14.5(¢) 7.3
6/21/85 18.6{(¢) 7.6
7/12/85 23.0(¢) 7.2
8/1/85 34.0(¢) 9.3
8/20/85 26.7(¢) 7.1
9/24/85 24._4(c) 5.7
11/12/86 25.2(c) 5.7
1/2/86 29.4(c) 5.6
299E-17-9 4/1/85 32.0(¢) 6.4
5/30/85 20.5{¢) 7.2
6/21/85 28.0(c) 7.6
8/1/85 22.8(c) 7.1
8/20/85 32.4(¢) 7.2
9/24/85 30.2(¢) 5.7
11/12/85 26.14¢) 5.7
1/2/86 31.6(¢) 5.7
299E-24-2 4/1/85 12.3(¢) 6.4
' 5/30/85 10.6(¢) 7.3
7/12/85 13,9(¢) 7.2
8/20/85 33.4{¢) 7.2
11/12/85 17.1(¢) 5.7
299E-25-20 4/8/85 0.69{c) 6.4
5/30/85 0.32(¢) 7.6
7/18/85 0.31{c) 7.6
8/20/85 0.a8lc) 7.2
10/16/85 0.87{c) 5.6
299W-22-14 5/30/85 4,424¢) 7.4
8/22/85 7.07(¢) 7.3

(a) The well locations are identified in Figure 17.

(b) The percent error estimates are standard (1lo)

counting errors.
(c) Iodine-129 samples which were collected and ana-
lyzed for RHO; the wells located in the 200 Areas
can be located in Hanford Wells (McGhan, Mitchell,
and Argo 1985).
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TABLE A.13, Radionuclide Concentration leasured in Columbia River Water Upstream from Hanford Operations in 1985

Concentration, pci/el?)
No. of Drinking Water

Radionuclide(b) Samples M1nimum Max imum Average Screening,Levels(c)

3 12 64 t 11 160 ¢ 13 110 ¢ 18 20,000

60¢q Particulate 21 +{d) .9 0035 5 0.0053  0.0075 ¢ 0.0061 *0,0017 ¢ 0.0017 100
Dissolved 21 .0,012 t 0.013 0.0070 ¢ 0,011 +.0,000026  0,0033

89, 12 +.0.036 t 0.063 0.19 ¢ 0.11 0.087 t 0,052 20

905, 12 0.085 t 0.025 0.21 t 0.046 0.15 ¢ 0.025 8

95;r Particulate 21 *.0.0066 ¢ 0.010 *0.0079 t 0.011 +.0.00056 ¢ 0.0022 200
Dissolved 21 +.0.011 ¢ 0.011 *0.0095 t 0.012 *+ -0.0017 ¢ 0.00a2

95yn Particulate 21 *.0,0025 & 0.039 *0.0063 & 0.0089 *0,0014 £ 0.0015 300
Dissolved 21 +.0.0064 ¢ 0.017 *0.012 t 0.013 *0.00086 + 0.0029

106, Particulate 21 *.0.53 ¢ 0.052 0.058 £ 0.036 #.0.011 £ 0.014 30
Dissolved 2 *.0.011 ¢ 0.099 %0.032 ¢ 0,047 *-0.016 & 0.022

129, Dissolved 4 8.2x10-6 ¢ 1.1x10-6  9.4x10-6 i 1,2x10-6 8.,9x10-6 t 8,5x10-6 1

1314 Particulate 21 *.0.0031 ¢ 0.0062 0.021 t 0.014 *0.0019 ¢ 0.0026 3
Dissolved 21 +.0,013 t 0.017 0.029 £ 0.023 +0,0034 ¢ 0.0057

137¢q Particulate 21 *.0,0056 ¢ 0.0063 0.022 1 0.0047 0.0091 & 0.0032 200
Dissolved 21 *.0.0070 ¢ 0.012 0.038 ¢ 0.0084 0,018 ¢ 0.0058

144¢, Particulate 2 +.0,032 t 0.021 0.011 g 0.0095 +.0.0039 & 0.0050 .-(e)
Dissolved 21 +.0.043 ¢ 0,078 *0.015 3 0.018 *-0.0096 § 0.0083

U (Natural) 12 0.19 ¢ 0.00 0.66 & 0.20 , 0.38 ¢ 0.10 --

238p,, Particulate 4 *.4.8x10-6 t 7.7x10-6 *3.7x10-6 t 12x10-6  *9.2x10-7 t 5.8x10-6 --
Dissolved 4 *.1.7x10-4 + 1.7x10-4  *1.3x10-4 ¢ 3.3x10-4  *-1.7x10-5 ¢ 2.4x10-4

239,280, parriculate 4 *1.8x10-5 ¢ 2.4x10-5  2.6x10-5 t 0,88x10-5 2,14x10-5  1,0x10-§ --
Dissolved 4 *1.5x10-4 + 3,0x10-4  *5.1x10-4  12x10-4 *3,45x10-4 £ 4.4x10-4

(a) Maximum and minimum values t2 sigma counting error. Average $2 standard error of the calculated mean,
} Radionuc)ides measured using the large-volume sampler show the particulate and dissolved fractions separately.
Other radionuclides are based on samples collected by the cumulative sample (see text).
(c) From State of Washington and EPA (see Appendix C).
(d) The * signifies that the associated uncertainty is equal to or greater than the result,
(e) Dashes indicate no guide value,
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TABLE A.14. Radionuclide Concentrations Measured in Columbia River Water Downstream from Hanford Operations in 1985

Concentratiaon, pCi/eld)

No. of Drinking Hater(
Radionuclide(b) Samples Minimum Maximum Average Screening Levels c)

Iy 12 94 ¢ 12 . 220 ¢ 13 150 ¢ 21 20,000

60cq "Particulate 23 +{d)0,0027 & 0.0073 0.011 % 0.0055 0.0044 t 0,0020 100
Dissolved 23 *.0,0047 & 0,0075 0.023 ¢ 0.0082 0.0076 t 0.0036

895, 12 *-0.049 ¢ 0.090 0.29 & 0,12 0.10 ¢ 0,065 20

905, 12 0,052 ¢ 0.029 0.21 ¢ 0.050 0.16 + 0,029 8

95;¢ Particulate 23 +.0.0041 ¢ 0.0070 0.0064 + 0.0058 *0,0006 ¢ 0.0019 200
Dissolved 23 +.0,0098 ¢ 0.012 *.0.011 ¢ 0,013 *0.0022 + 0,0033

95py Particulate 23 +.0.0018 ¢ 0.0030 ~ 0.0052 ¢ 0.0037 0.0017 t 0,0012 300
Dissolved 23 *.0,0036 ¢ 0.0057 *0,0086 ¢ 0.0086 0.0027  0,0021

106, Particulate 23 +.0,046 & 0.036 *0.031 ¢ 0.034 +.0,0010 ¢ 0,010 10
Dissolved 2 *-0,14 & 0,078 +0,036 ¢ 0,060 +.0,0087 t 0,022

1291 Dissolved 4  4.9x10-5 § 7,3x10-6  1,5x10-4 % 1,9x10-§ B,8x10-5 % 4.9x10-5 1

131 Particulate 23 *-0.0047 ¢ 0.005 0.0063 ¢ 0,0056 0.0017 t 0.0016 3
Dissolved 23 +.0,0024 ¢ 0.011 0.046 ¢ 0,010 0.019 ¢ 0,0062 -

137¢¢ Particulate 2 +.0.0040 & 0,0050 0.014  0,0040 0.0072 ¢ 0,0025 200
Dissolved 23 *.0,0054 ¢ 0.011 0.030 $ 0.0074 0.016 ¢ 0,0049

144¢, Particulate 2 *-0,020 & 0.011 0.012 ¢ 0.010 +.0,0027 t 0.0043 ---(e)
Dissolved 23 +.0,030 ¢ 0.02] *.0,011 ¢ 0,021 *+.0.0064 ¢ 0,0063

U (Matural) 12 0.29 ¢ 0.11 0.66 ¢ 0.20 0.48 ¢ 0.19 .-

238p, Particulate 4 *.4,4x10-6 ¢ 9.8x10-6 4.8x10-6 t 3.9x10-6 *6.8x10-7 ¢ 5.4x10-6 ---
Dissolved 4 +.4,2¢10-5 ¢ 6.3x10-5 *4,1x10-5 t 4,4x10-5 *-5,7x10-6 ¢ 4.8x10-5

239,240py papticylate 4 *1,3x10-5 ¢ 1.7x10-5  7.8x10-5 ¢ 4.0x10-5 +3.20x10-5 ¢ 3.3x10-5 .-
Dissolved 4 *1.5210-4 ¢t 1.8x10-4 4,2x10-4 ¢ 3.8x10-4 2.79x10-4 ¢t 1.9x10-4

a) Maximum and minimum values $2 sigma counting error. Average t2 standard error of the calculated mean,

b) Radionuclides measured using the large-volume sampler show the particulate and dissolved fractions separately.
Other radionuclides are based on samples collected by the cumulative sample (see text).

(c) From State of Washington and EPA (see Appendix C).

,dg The * signifies that the associated uncertainty is equal to or greater than the result.

e) Dashes indicate no gufde value,
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TABLE A.15.

Radionuclide

Concentrations in Onsite Ponds in 1985

No. of Concentration, pCi/z(a)
Location Radionuclide  Samples Minimum Maximum Average
West Lake Gross Alpha 4 82+ 8 210 + 14 160 + 62
Gross Beta 4 130 + 22 350 + 40 220 + 110
3y 4 710 + 230 920 + 180 780 + 140
905, 4 1.2 ¢ 0.11 2.7 £ 0.20 1.8 £ 0.73
137¢s 4 »(b).1.5 + 2.4 3.4 £ 2.3 *0.045 + 2.8
Gable Pond  Gross Alpha 4 0.59 + 0.40 1.6 + 0.57 1.0 + 0.54
gross Beta 4 13 & 2.8 29 + 3.9 19 + 7.9
H 4 *66 + 170 380 + 220 190 + 180
905 4 0.58  0.065 4.6 ¢ 0.1 2.1 t 2.0
137¢s 4 5.1 + 1.7 17 + 2.6 9.1 + 5.8
B8 Pond Gross Alpha 4 *-0.023 + 0.26 1.1 + 0.50  *0.47 t 0.62
gross Beta 4 4,3 + 2.0 24.0 + 3.7 11 £+ 10
H 4 220 + 220 1100 + 200 570 + 450
90g. 4 0.45 ¢ 0.74 4.1 £ 0.2 *1.5 + 1.8
137¢s 4 *.1.07 ¢ 1.36 2.5 + 2.1 *1.1 £ 1.9
FFTF Pond  Gross Alpha 4 *.0.49 ¢ 1.2 11 ¢ 3.5 *3 16
gross Beta 4 28 + 9.9 37 £ 11 32+7
H 4 21000 & 420 29000 ¢ 560 25000 + 3900
137¢ 4 *0,57 + 2.4 *0,92 + 1.6 *0,73 + 0.87
22§3 4 *.0.15 t 2.2 2.8 £ 2.5 *1.3 t 1.7

{a2) Maximum and minumum values t2 sigma counting
error of the calculated mean.
(b) The * signifies that the associated uncertainty is greater than or equal to
the result.

error,

Averages +2 standard
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TABLE A.16. Radionuclides in Milk Samples

Concentration, pCi/e{3)

131 137¢¢
No. of . No. of
Location(b) Samples Maximum Average Samples Maximum Average
Wahluke East Area Composite 13 0.14 £ 0.09 *(¢).0,044 £ 0.15 13 5.6 t+ 4.4 *1.2 + 2.5
Sagemoor Area ?ngosite 25 0.32 ¢+ 0.28 *.0.026 t 0.07 26 6.0 t 4.7 *0.8 ¢ 1.4
Riverview Area 11 0.23 1 0.22 *0,006 + 0.078 11 2.4 t 3.8 *0.7 + 2.2
Benton City Area 12 *0,12 + 0.24 *.0,004 ¢t 0.061 13 9.6 + 4.2 2.5 & 2,1
Sunnyside Area 26 0.07 + 0.05 *.0,01 ¢ 0.06 27 6.6 £ 6.0 *0.66 £ 1.5
Moses Lake Area 10 0.23 ¢ 0,22 * 0,02 £ 0.09 10 6.4 t 3.9 *1.2 t 2.5
895'- 905'.
No. of No. of
Location(b) Samples Maximum Average Samples Max imum Average
Wahluke East Area Composite 4 *0,82 t 0.75 *-0,91 ¢ 3.0 4 1.1 ¢+ 0.19 0.85 + 0.36
Sagemoor Area -(e) - - 5 1.1 ¢ 0.37 0.94 t 0,23
Riverview Area(d) 4 *0.53 : 0.62  *-0.019 & 0.65 4 1.7 £ 0.27 1.2 & 0.5
Benton City Area - - - 4 1.8 ¢+ 0.5 1.5 + 0.35
Sunnyside Area 4 *0,48 t 0.57 *0,28 ¢+ 0.36 4 1.1 £ 0.25 0.88 + 0.31
Moses Lake Area - - - 3 1.6 £ 0.3 1.4 + 0.3
34 ) 129
No. of No. of
Location(b) Samples Maximum Average Samples Max imum Average
Wahluke East Area Composite 13 430 + 180 230 + 89 2 0.044 + 0.006 *0,026 t 0.045
Sagemoor Area ?gwposite 13 580 + 190 310 + 89 2 0.040 + 0,006 *0.027 ¢ 0.032
Riverview Area il 370 ¢ 220 160 + 92 2 0.022 ¢ 0.001 *0.018 t 0,009
Benton City Area 13 880 + 230 240 t 140 2 0,19 t 0.03 *0.098 ¢t 0.23
Sunnyside Area 14 350 t+ 160 120 + 73 2 0.013 t 0.002 *0.009 ¢ 0.011
Moses Lake Area 10 750 ¢+ 180 250 ¢ 160 2 0.001 t 0.0002 *0.001 t 0.001

(a) Maximum values +2 sigma counting error. Averages $2 standard error of the calculated mean.
(b) Refer to Figure 35.

¢) The * signifies that the associated uncertainty is equal to or greater than the result.

d) Drinking and irrigation water obtained from the Columbia River downstream of Hanford.

(e) Dashes indicate no sample was analyzed.

TABLE A.17. Radionuclides in Leafy Vegetables

Concentration, pCi/g, wet weight(2)

905r 137CS
No. of No. of
Location(b) Samples Maximum Average Samples Maximum Average
Wakluke East Area 3 0.007 ¢ 0.003 0.006 ¢+ 0.003 3 *.0.004 + 0.007 *(C)-O.OOS + 0.005
Sagemoor Area 3 0.006 ¢ 0.003 0.005 ¢t 0,002 3 0.013 ¢ 0,004 *0.004 + 0.011
Riverview Area(d) 3 0.032 + 0.006  0.028 + 0.008 3 0.012 + 0.007 *0.008 t 0.0l
Benton City Area 3 0.006 ¢ 0,002 0.005 &t 0.002 3 0.008 t 0.006 *.0.001 ¢ 0.017
Sunnyside Area 3 0.004 + 0,002 0.004 + 0.001 3 *0,003 + 0.006 *0,002 + 0,004
Moses Lake Area 3 0.010 ¢ 0.004 0.007 ¢t 0.004 3 *(0.005 ¢ 0.009 *.0.003 t 0,014

(a) Maximum and minimum concentrations t2 sigma counting error. Averages t2 standard error of the calculated mean.
(b) Refer to Figure 35.

(c) The * signifies that the associated uncertainty is equal to or greater than the result.

(d) Irrigated with Columbia River water.
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TABLE A.18.

Radionuciides in Fruit

Concentration, pCi/q, wet weight(2:P)

Maximum values t2 sigma counflng error.
Refer to Figure 35,

{rrigated with Columbta River water.

Averages 2 standard error of the calculated mean.

The * signifies that the associated uncertainty {is equal to or greater than the result.

n7CS 90g,. 34
Number Number Number
Fruit/ of of of
Locatlon(c) Samples Maximum Average Samp les Max imum Average Samples Maximum  Average
Apples d
Sagemoor Area 3 0.0134¢0.0053 «(d) 0.00840.10 3 0,00340.002 0.002¢0.001 3 320$220 *1604250
Cold Creek Area k] +.0.001£0.007 *.0.003£0.006 3 0.00310.001 0.00340.001 3 *1404220 *90:140
Sunnyside Area k] *0,003¢0.006 * 0,00140,004 3 0.00540.003 0,00440.003 3 4104250 *180t290
Cherries
Sagemoor Area 3 +0,00640.006 * 0,007£0.017 3 +0,00210.002 0.002¢0.001 3 “924240 *66¢140
Sunnyside Area 3 0.01¢0,007 * 0,005£0.011 3 0.00310,002 *0,002£0.002 k} 460£250  *180+340
Grapes
Sagemoor Area 3 *0,00410.006 * 0,00140,005 3 0.00610,002 0,00540.002 k} 3501240 2504200
Cold Creek Area k] +(.000140.006 +.0.00340.006 3 0.00910.002 0.008£0,002 3 *10£180  *-12¢110
Sunnyside Area 3 *0,00640.006 +(Q,00310.005 3 0.00610,002 0,00440,003 3 4604240 380¢170
(a) Except for 31, which 1s given in pCi/t of water.
(b) Maximum values 32 sigma counting error, Averages 12 standard error of the calculated mean,
’c; Refer to Figure 35,
d) The * signifies that the associated uncertainty is equal to or greater than the result.
TABLE A,19. Radionuclides in Wheat and Alfalfa
Concentration, pCl/q, dry weiqht(3)
90, 137¢s
Ho, of Ho. of

T!EelLocation(b) Samples Max finum Average Samples Maximum Average

Wheat

Wahluke East Area 3 0.015 ¢ 0,006 0.015 ¢t 0.004 3 0,008 t 0.006 +(c)o,004 ¢ 0.006

Sagemoor Area 3 0.014 ¢ 0.006 0.012 t 0.004 3 0.006 t 0.005 +0.004 t 0.004

Riverview Area(d) 3 0.016 t 0.005 0,013 ¢ 0,004 3 *0.004 ¢ 0.006 *0.001 ¢ 0.007

Benton City Area k) 0.041 ¢ 0.008 0.027 t 0.015 3 0.022 + 0.014 +*0.002 ¢ 0.002

Sunnyside Area k} 0,013 ¢ 0,006 0.012 ¢ 0.004 k] +0,000 ¢ 0,006 *-0,002 t 0.004

Moses Lake Area k} 0.011 ¢ 0,003 '0.009 t 0.004 3 0.009 ¢ 0.008 +0,003 + 0.008

Alfalfa

Wahluke East Area k| 0.120 ¢ 0,015 0,110 t 0.017 3 0.019 ¢ 0,001 *0,.011 ¢ 0.013

Sagemoor Area 3 0.095 ¢t 0,008 0,085 t 0.012 3 0.016 £ 0.011 *0.003 ¢ 0.020

Riverview Area(d) 3 0,160 t 0.012 0,110 t 0.050 k| *0.077 ¢ 0.010 *.0,003 t 0.018

Benton City Area k] 0,083 t 0.007 0.076 ¢ 0.009 3 +0.010 ¢ 0.010 *0,005 ¢ 0.011

Sunnyside Area 3 0.120 ¢ 0.012 0,095 ¢ 0.027 3 0.042 ¢ 0.020 *0.022 t 0.024

Moses Lake Area 3 0.190 ¢ 0.010 0,019 ¢ 0.008 3 0.016 + 0,014 *0,000 t 0.022
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TABLE

A.20,

Radionuclides in Beef, Chickens, and Eggs

Concentration, pCi/g, wet weight(?)

90g,. 137
Number of Number of
Type/Location(b) Samples Max imum Average Samples Max imum Average
Beef (c)
Sagemoor Area 1 —-- *1¢Jg 003 ¢ 0.004 1 - 0.002 + 0.007
Riverview Area(d) 1 - 0.003 & 0.002 1 - 0.008 % 0.007
Horn Rapids Area 1 - 0.006 + 0.004 1 ——— *.0.0002 ¢t 0.006
Chickens
Sagemoor Area 2 0.007 t 0.005 0.006 t 0.005 2 *0.004 t 0,018 *0.002 + 0.013
Sunnyside Area 2 0.003 t 0.002 0.003 + 0.002 2 *0.006 + 0.025 *-0.008 + 0.039
Eggs
Sagemoor Area 2 0.006 + 0.003 0.005 t 0,003 2 0.017 t 0.007 *0,006 + 0.027
Sunnyside Area 2 0.003 £ 0.002 0.003 £ 0.002 2 *0.004 + 0.006  *0.003 + 0.004
(a) Maximum values +2 sigma counting area. Averages t2 standard error of the calculated mean,
(b) Refer to Figure 35,
(c) The * signifies that the associated uncertainty is equal to or greater than the result.
(d) Water supplied from the Columbia River.
TABLE A.21. Special Riverview Foodstuff Sampling Results
Concentration, pCi/g, wet weight(a’b’c)
Foodstuff(d) 3y 60¢, 905 137cg
Apples *(e)-8.4 + 180 *-0,001 + 0.016 0.003 + 0.001 *.0.001 t 0.005
Cantelope 280 £ 150 *0.002 + 0.009 0.003 t 0.001 '*.0,002 + 0.004
Grapes 360 + 220 *0.004 £ 0.009 0.003 £ 0.001 *-0,001 + 0.006
Beans - (f) *0.0007 t 0.006 0.008 + 0.003 *-0.002 ¢ 0.007
Beets - *0.004 & 0.009 0.004 £ 0.002 *.0.001 ¢ 0.010
Carrots --- *0.001 ¢t 0.010 0.008 t 0.002 *~0.001 £ 0,011
Corn --- *-0.003 ¢ 0.010 0.002 + 0.0008 *0.003 + 0,012
Potatoes -—- *.0.0007 t 0.006 0.008 t+ 0.002 *0.006 + 0,006
Squash —-- *-0.001 + 0.007 0.003 £ 0.002 *0.0002 + 0.006
Tomatoes --- *0.006 £ 0.009 0.001 t 0.0007 *-0.001 + 0.004
{a) Except for 3H, which is given in pCi/t of water.
(b) A sufficient sample was collected to provide 3 aliquots for analysis.
(c) Average #2 standard error of the calculated mean.
(d} Irrigated with Columbia River water.
(e) The * signifies that the associated uncertainty is equal to or greater than the result.
(f) NDashed lines indicate no analysis.
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TABLE A.22. Cesium-137 in Deer Muscle and Plutonium-239,240 in Deer Liver

Concentration, pCi/g, wet welg_ht(‘)

l37cs 239'240Pu
Number of Number of
Location Type Samples Maximum Average Samples Max mum Average
Random (road kills) Muscle s 0.02 + 0.009 +{)o.007 2 0.01 ---{¢) --- ---
Liver .= .ee --- 4 0.00016 & 0,00015 +*0.00004 ¢ 0,00009
200 Area Ponds Muscle 1 - 0.52 ¢ 0.028 “eo -e- “me
Liver - D ee- - 1 --- +0,00004 & 0.00015

(a) Maximum values 12 sigma counting error. Averages 12 standard error of the calculated mean,
{b) The * signifies that the associated uncertainty is equal to or greater than the result.
(¢) Dashes indicate no analysis or no calculation. )

TABLE A.23. Radionuclides in Columbia River Fish
Concentration, pCl/g, wet velgh!“)

0¢o 90s¢ 137¢s .
Number of Huinber of Humber of
Tleellocation(h) Samples Hax imuni Average Samples Max imum Average Samples Maximum Average

Whitefish

Upstream of Site 4 0,052 ¢ 0.023 «(e)g 027 1 0.028 4 0.004 ¢t 0.002 0.004 ¢ 0.001 4 *0,029 ¢ 0,031 *0,009 § 0,023

Boundary

1000 Area Vicinity 10 0.058 3 0.029 *0.002 ¢ 0.02 10 0.008 ¢ 0.003 0.005 t 0.001 10 0.042 ¢t 0,024 *0.016 ¢ 0.018
Bass

100F Sloughs 5 0.004 ¢ 0.002 *-0.004 £ 0,015 5 +0.004 t 0,002 +0.002 ¢t 0.002. 5 0.07 ¢ 0,002 0,035 ¢t 0.03

(a) Haximum values 12 sigma counting error. Averages 12 standard error of the calculated mean,
(b} Refar to Figure 139.
{c) Tne * signiffes that the associated uncertainty is equal to or greater than the result,

TABLE A.24, Cobalt-60 and Cesium-137 in Muscle Tissue of Upland Gamebirds

Concentration, pCi/g, wet weight(a)

60(:0 137Cs
Number of Number of .
Location(b) Samples Max imum Average Samples Maximum Average
100 Areas Pheasant 10 0.019 + 0,012 *(C)O.OOQ + 0,009 10 0.035 + 0,015 *0,009 ¢ 0.01
200 Areas Chukar +
Pheasant 5 *0,012 t 0.019 *.0.012 + 0.033 5 0.06 ¢+ 0.03 0.03 + 0.027
300 Area Pheasant 3 *0.01 & 0.018 *0,008 t 0.010 3 0.13 £ 0.03 *0.048 t 0,088

(a) Maximum values t2 sigma counting error. Averages +2 standard error of the calculated mean.
(b) Refer to Figure 39.
{c) The * signifies that the associated uncertainty is equal to or greater than the result.
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TABLE A.25. Cesium-137 in Muscle Tissue of Mallard Ducks

(b) Number of Concentration, pCi/g, wet weight(a)
Location Samples Maximum Minimum Average

200 Area B Pond 12 11 + 0.3 *0.022 ¢+ 0.19 2.9 t 1.6
300 Area Pond 4 1.3£0.1  *0.01 + 0.02  *{¢)g,56 + 0.65

(a) Maximum and minimum values %2 sigma counting error. Average 2 standard
error of the calculated mean.

(b) Refer to Figure 39.

(c) The * signifies that the associated uncertainty is equal to or greater
than the result,

TABLE A.26. Strontium-90 and Cesium-137 in Bone and Muscle Tissue of Rabbits

Concentration, pCi/g, wet weight(a)

905, (Bone) 137¢¢ (Muscie)
b Number of Number . of
Location( ) Samples Maximum Average Samples Maximum Average
100 Area Cottontail 3 3.1 $0.4 2.0¢%1.5 3 0.037 + 0.022 *{¢)0,006 + 0.046

200 Area Jack Rabbit 5 38 + 0.5 *9.1 ¢ 14 5 0.045 ¢ 0.014 0.022 £ 0.016

(a) Maximum values 2 sigma counting error. Averages +2 standard error of the calculated mean.
(b) Refer to Figure 39,
(c) The * signifies that the associated uncertainty is equal to or greater than the result,
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TABLE A.27.

90sr Concentrations in Soil (pCi/g, dry weight

)(a)

MAP

LOCATION Locarion(®) 1980 1981 1982 1983 1984 1985

ONSITE
1 Hile NE of N Area 1 0.20 £0.03 0,70 # 0,023  0.29 # 0.017  0.28 t 0.058
1 Mile € of N Area 2 0.15 $0.06 0.85 #0.026 0,22 10,010 0.44 t 0,091
100 Area Fire Statfon 3 0,28 30,04 1.7 10,033 0.5 0,020 0.5 £ 0.11
200 ENC 4 0.70 & 0.06 0.45 £ 0.02 0.93 $0.13 2.7 0,047 0,20 £0.19 1.2 10,23
£ of 200€ 5 0,33 £ 0.09 0,78 $£0.033 0,73 £ 048  0.90 & 0.18
200 £5E 6 0.29 £ 0,02 0.18 £ 0,007 0,29 $0.05 1.3 $0.028  0.44 #0.060 0.20 ¢ 0.082
SW of BC Cribs 7 013 10,10 0.79 0,033 0.12 £0.050 0.39 ¢ 0.079
S of . 200F 8 0.18 $0.05 0,38 $0.020  0.50 t0.11 0,14 1 0.030
E of 2004 9 0.83 $0.01 0.8 ¢ 0,03 0.48 $0.11 2.6 ¢0.08 033 $0.020 0.61 £ 0.12
2 Miles S of 2008 10 0.06 §0.005 0.28 §0.015  0.14 30.020 0.37 & 0.078
NE of FFIF 1 0.04 10,01 0.04 § 0.007 0.082 ¢ 0.035 0.52 ¢ 0,020 , ,0.18  0.021  0.17 & 0.039
SE of FFTF 12 009 0,007 0,05 0,002 0.047 ¢ 0,085 0.58 & 0,019 +{€)0.032 + 0,054  0.20 ¢ 0.042
N of 300 Area 13 0.22 10,030 0.73 t 0,023  0.58 0,029 0.32 t 0.068
Hanford Townsite 14 0.23 3 0.00/ 0.40 £ 0,004 0.24 £ 0.080 1.9 & 0.048  0.31 $0.029 0,25t 0.052
Wye Barricade 15 0.21  0.007 0.20 § 0,020 0,21 § 0,030 0.8l & 0,026 0,31 % 0,040  0.31 ¢ 0.062
Onsite Hean 0.4 10,22 0,0 0.5 0.25 $£0.2 1.1 2 0,40 0.32 §0.10 0,82 3 0.15

OFFSITE
Riverview 16 * 0,001 t 0.007 0.21 t 0.009 0.12 ¢ 0.000 0,90  0.084  0.039 ¢ 0,012  0.074 £ 0,019
Byers Landing Y] + 0.003 0,007 . 0.06 £ G,003 0.02 #0.01  0.30 & 0.020  0.064 £ 0.008 0,18 1 0.016
Sagemoor 18 0.02 1 0,007 0.02 § 0.002 0.006 ¢ 0.003  0.28 ¢ 0.017  0.25 # 0.086  0.081 t 0.019
Taylor Flats #2 19 0.25 0,010 0.25% 0,009 0.23 % 0.060 0,23 t 0,039  0.042 t 0.008  0.046 3 0.013
W End Fir Road 20 0.17 ¢ 0,007 0.05¢% 0.003 007 2 0.007 1.20 0,031  0.14 1 0.015 0,091 ¢ 0.022
Ringold 21 0.07 0,007 0.20 $ 0,002 0.08 % 0.040 1.80 ¢ 0.032  0.24 £ 0.014 0,20 $ 0.042
Berg Ranch 2 0.14 0,007 0.11%0.006 0.20 #0.,090 0.92 ¢ 0,023  0.20 £ 0.019 0,15 £ 0.03)
wahiuke g2(4) 2 0.31 30,010 0.09 ¢ 0.002 0.10 # 0.030  0.65 ¢ 0,023  0.16 £ 0,017 0,21 3 0.046
vernita Bridge{d} 2 0.11 £ 0,00 0.52 £ 0,017 0.7 10,015 0,31 t 0.064
Yakims Barricadeld) O 25 0.02 §0.007 0,22 § 0,020 0.09 % 0.003 0.59 § 0.023  0.13 ¢ 0,017 0,54 ¢ 0.109
Ratiéisnake Sprlngs( 26 0.17 1 0.040 0.89 ¢ 0.003 0.075 ¢ 0.009 0.33 3 0.069
ALE 4) 27 «0.00 % 0.007 0.27 § 0,030 0.30 $0.060 1.60 t 0,032  0.36 $0.039 0.61 2 0.12
Prosser nmime‘ 28 * 0,00 £ 0,007 0,13 § 0,007 0.29 §0.020  1.10 ¢ 0.027  0.36 3 0.020  0.45 3 0.092
S of 300 Area 29 0.24 $0,150 1.4 $0.039  0.35 §0.015 0.51 10.10
Benton City 0 0.29 0,005 0.30 £ 0,003 0.21 #0.030 0.42 ¢ 0,018  0.36 § 0.031  0.12 & 0.027
Sunnys ide n 0.19 ¢ 0,020 0.16 t 0,020 0,12 % 0.030 1.60 ¢ 0,040  0.31 4 0.029  0.26 % 0.055
Walla Walla » 0.31 ¢ 0.015
MHcNary Dam 33 0,23 1 0.0i9
Offsite Hean 0.11 # 0,066 0.14  0.039 0.16 & 0,045 1.0 % 0.29 0.20 ¢ 0,059 0,26 ¢ 0.080

(a) Individual results t two sigma counting error.
(b) Locations are identifled in Figure 46,
(c} The ¢ stgnifies that the associated uncertainty is greater than or equal to the resuit.
(d) Perimeter location onsite near site boundary,

Means § 2 standard error of the calculated mean,
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TABLE a.28. l:”Cs Concentrations in Soil (pCi/g, dry weight)(‘)
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Offsite Mean

Means t 2 standard error of the calculated mean,

The * signifies that the associated uncertainty is greater than or equal to the result.

Individual results t two sigma counting error.
Perimeter location onsite near site boundary,

Locations are fdentified in Figure 46,

(a)
{(b)
(c)
(d)
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TABLE A.29. zjg'szu Concentrations in Soil (pCi/g, dry welght)(’)

HAP
LOCATI1UNH Locationtd) 1980 1981 1982 1983 1984 1985
ONSITE
1 Mile NE of N Area 1 0.015 t 0.003 0.012 % 0.0030 0.015 ¢ 0.0020 0.016 ¢ 0.0016
1 Mile € of N Area 2 0.026 ¢ 0.003 0.0069 t 0.0014 0.016 ¢ 0.0027 0.013 ¢ 0,0011
100 Area Fire Station 3 0.016 ¢ 0.003 0.0022 ¢ 0.0015 0.021 ¢ 0.0017 0.024 ¢ 0.0016
200 ENC 4 0.030 £ 0.0020 0.040 % 0.0020 0.0%9 t 0.00%9 0.051 ¢ 0.0065 0.033 1 0.0040 0.030 3 0.0019
€ of 200t 5 0.015 ¢ 0.002 0.011 ¢ 0.002 0.012 ¢ 0.0015 0.026 3 0.0017
200 ESE 6 0.030 ¢ 0,0040 0.024 t 0.004 0.028 3§ 0.0050 0,0091 t 0.0017 0,022 ¢ 0.0016
Sw of BC Cribs 7 0,012 ¢ 0.001 0.0076 ¢ 0.0012 0.0034 ¢ 0.0019 0.024 ¢ 0.0022
S of 200E 8 0,012 ¢ 0.001 0.0088 & 0.0017 0.0056 & 0.0031 0.0041 ¢ 0.0014
£ of 200 9 0.63 1t 0,02 0.42 ¢t 0.008 0.78 ¢ 0.016 0.83 t 0.027 0.074 % 0.0040 0.33 ¢ 0.0069
2 Miles S of 2004 10 0.004 ¢ 0.002 +{<)g poos + 0.00095 0.0036  0.0019 0.0094 ¢ 0.0011
HE of FFIF 1 0.004 ¢ 0.002 0.003 ¢t 0.0008 0,002 t 0.001 0.0029 ¢ 0.0007 0.0021 ¢ 0.0007 0.0025 t 0.000S
SE of FFIF 12 0.007 t 0,002 0.003 ¢ 0,0008 0.005 % 0.002 0.0042 & 0.0018 0.0087 ¢ 0.0011 0.0021 t 0.0005
N of 300 Area 13 . 0.016 ¢ 0.003 0.013 ¢ 0.002 0.0064 t 0.0029 0.010 % 0.0011
Hanford Townsite 14 0.04 1t 0,003 0.02 1t 0.002 0.015 ¢ 0.003 0.021 ¢ 0.004 0.016 % 0.0030 0.0059 ¢ 0.0009
\lye Barricade 15 0.013 t 0,002 0.012 ¢ 0.001 0,018 ¢ 0.003 0.017 4 0.0022 0.014 ¢ 0.0020 0.017 ¢ 0.0015
Onsite Mean *0.12 t 0.20 *0.069 ¢ 0.10 *0.062 ¢ 0,10 *0.068 ¢ 0.11 0.016 ¢ 0.0090 *0.035 1t 0.042
OFFSITE

Riverview 16 0.02 t 0,002 0.0l t 0.001 0.006 ¢ 0.002 0.02] ¢ 0.005 *0.0018 t 0.0018 0.0052 ¢ 0.0098
fyers Landing 17 0.005 ¢ 0.001 0.002 ¢ 0.0009 0,012 ¢ 0.002 0.0066 ¢ 0.0040 0.0027 ¢ 0.0006
Sagemoor 18 0.008 t 0.002 0,003 ¢ 0.0007 0.003 & 0.0009 0.0079 ¢ 0.0015 0.019 ¢t 0.0021 0.0018 ¢ 0.0005
Taylor Filats 42 19 0.03 & 0,004 0,04 ¢ 0.002 0.016 ¢ 0.003 0.031 % 0.00% 0.0014 t 0.0005 0.0008 ¢ 0.0003
W End Fir Road 20 0.008 t 0,002 0.004 & 0.001 0.005 ¢ 0.001 0.0059 t 0.0017 0,0022 ¢t 0.0015 0.0017 ¢t 0.0005
Ringold 21 0.018 ¢ 0.003 0.02 t 0.002 0.013 § 0.002 0.028 ¢t 0.005 0.0075 t 0.0012 0.017 1 0.0016
Berg Ranch 4 22 0.009 ¢t 0.002 0.01 t 0.001 0.012 ¢t 0.002 0.014 ¢ 0.003 0.0097 ¢ 0.0015 0.011 ¢ 0.00i}
Wahluke LY (4 23 0.006 ¢ 0.002 0,004 ¢ 0.0008 0.006 t 0.002 0.010 £ 0.002 0.0061 ¢ 0.0029°  0.0087 ¢ 0.001tS
Vernits 8ridge )d) 24 0.009 ¢ 0,002 0.015 ¢t 0.0026 0.0060 t 0.0024 0.0095 ¢ 0.0010
Yakima Barrcadel (d) 25 0.02 t 0,003 0.02 3 0.002 0.011 ¢ 0.001 0.014 & 0.002 0.0016 ¢ 0.0011 0.022 ¢ 0.0015
Ratiéssnake Springs 26 - 0.019 ¢ 0.002 0.026 $ 0.004% 0.0032 ¢ 0.0015 0.0045 ¢ 0.0009
ALE 4 27 0.023 ¢ 0,003 0.01 t 0.001 0.03 3 0.002 0.031 ¢ 0.00% 0.0091 ¢t 0.0014 0.038 ¢ 0.0021
Prosser Harrlfa?e( ) 28 0,006 ¢ 0.001 0.033 t 0,004 0.020 ¢ 0.004 0.0039 ¢ 0.0016 0.019 ¢ 0.0019
S of 300 Area 29 0.019 ¢ 0.003 0.022 ¢ 0.0013 0.022 ¢t 0.0023 0.018 ¢ 0.0015
Benton City 0 0.02 t 0.003 0.02 ¢ 0,002 0.024 t 0.003 0.015 i 0.0017 ©0.0099 t 0.0015 0.019 t 0.0020
Sunnys ide k] 0.01 ¢ 0,003 0.01 ¢ 0.001 0.009 ¢ 0,002 0.026 1 0.005 0.025 ¢t 0.0026 0.015 ¢ 0.0016
Walla Walla 32 0.013 ¢ 0.0012
McNary Dam 3 0.015 ¢ 0.0023
Qffsite Hean - 0.015 t 0.004 4¢.011 ¢ 0,005 0.013 t 0.005 0.019 ¢ 0,004 0.0084 ¢ 0.0037 0.012 t 0.0046

{a) Individual results t two Sigma counting error. Means t 2 standard error of the calculated mean.
{b} Locations are fdentified in Figure 46,

{c) The * stgnifies that the associated uncertainty is greater than or equal to the result.

(d) Perimeter lacation onsite near site boundary.
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TABLE A.30. U Concentrations in Soi) (pCi/g, dry welght)(‘)
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0.54 ¢ 0.14

0.54 ¢t 0.15

0.32 ¢ 0.048

0.35 1t 0,078

0.53 ¢ 0.11

0.38 ¢ 0,089

Offsite Mean

Means t 2 standard error of the calculated mean,

Individual results t two sigma counting error.

(b} Locatlons are fdentified in Figure 46,

(a)
(c)

Periineter locatfon onsite near site boundary.
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TABLE A.31.

240Pu to 239Pu Ratios for Soil Samples Collected
On and Arcund the Hanford Area in 1978, 1982,
1983, and 1984, in Ascending Order

(a) Uncertainties {error terms) for all ratios were less than 1%.

(b) Dashed line means no sample was collected.

Location 1978 1982 1983 1984 Median
£ 200 0.04?8) 0.042 0.046 0.035 0.041
200 ENC —— 0.085 0.087 0.092 0.087
2 Mi, S. 200W -— 0.104 0.094 0.115 0.104
200 ESE 0.088 0.100 0.109 0.123 0.105
1.25 Mi. E. PUREX -— 0.101 0.109 0.112 0.109
2 Mi, S. PUREX -— 0.108 0.170 0.112 0.112
SW BC Crib - 0.103 0.161 -— 0.132
SE FFTF -—- 0.142 0.160 0.042 0.142
Rattlesnake Springs -—- 0.129 0.152 0.146 0.146
Yakima Barricade -— 0.135 0.146 0.156 0.146
NE FFTF ——- 0.096 0.147 0.148 0.147
Wye Barricade ——— 0.157 0.143 0.162 0.148
Wye Barricade - 0.146 0.150 -— -—-
Wye Barricade -— 0.149 0.130 0.132 ——
Prosser Barricade 0.156 0.151 0.150 0.150 0.151
1 Mi. E. 100N -— 0.152 0.163 0.141 0.152
100 Fire Station —— 0.155 0.151 0.153 0,153
N 300 -— 0.129 0.153 0.172 0.153
-Benton City 0.170 0.137 0.109 0.179 0.154
NE of 100N - 0.136 0.172 0.155 0.155
Vernita Bridge -— 0.156 0.153 0.176 0.156
ALE ——— 0.156 0.158 0.160 0.158
Taylor Flats #2 -— 0.158 0.159 0.162 0.159
W End Fir Road -— 0.167 0.110 0.160 0.160
Byers Landing -— 0.161 0.165 0.155 0.161
Sagemoor -—-- 0.161 0.135 0.169 0.161
Sagemoor - - 0.135 0.168 -—
Sagemoor -—- 0.164 0.143 --- -—-
Hanford Townsite -—- 0.152 0.162 0.165 0.162
S 300 Area --- 0.154 0.166 0.169 0.166
Wahluke #2 -— 0.122 0.167 0.167 0.167
Berg Ranch --- 0.172 0.165 -=-- 0.169
Riverview - 0.170 0.173 0.140 0.170
Ringold -— 0.171 0.175 0.171 0.171
Sunnyside 0.174 0.155 0.175 0.183 0.177
Sunnyside .- 0.180 -——- - -
Sunnyside - 0.179 - -—— -—-
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TABLE A.32. 90Sr Concentrations iIn Vegetation (pCi/g, dry uelqht)(‘)

HAP

LUCATION LocaTon(b) 1980 1981 1962 1983 1984 1985

ONSITE

1 Mile NE of N Area 1 0.03 & 0,002 0.11 + 0,017  0.069 ¢ 0.007  0.078 3 0.072
1 Hile € of N Area 2 0.05 1 0.005 0.29 10,008 0,12 % 0.012 0,012 £ 0,0012
100 Area Fire Station 3 0.05 3 0.007 0.37 $ 0,020 0.11 & 0,011 0,17 & 0.017
200 € 4 0.07 $0.01 0.14 £0.003 0.10 2 0.02 0.63 $ 0,024 0,39 0,020 0.41 % 0.018
E of 200€ 5 0.14 & 0,009 0.91 $0,03 0,20 i 0,00 0.25 % 0.019
200 ESC 6 0.05 i 0,01 0.0? % 0,005 0.03 & 0.003 0.91 %0031 0.20 0,013 0.53 § 0.018
S of BC Cribs 7 : 0.05 3 0,003 0.34 & 0.016 0.1t & 0,00  0.41  0.016
S of 200€ 8 0.17 ¢ 0.005 0,53 £ 0.017 1.1 10,066 0.44 & 0.022
£ of 200d .9 0.05 3 0.01  0.09 3 0.008 0,07 & 0.005 0.47 1 0.022 0.13 1 0.020 1.1 ¢ 0.026
2 Miles S of 2004 10 0.05 % 0.003 0.347 £ 0,006  0.19 ¢ 0,007 0.89 1 0.035
NE of FFTF 1t 0.03 : 0,01 0.04 3z 0,004 0.009 & 0.002 1.2 ¢ 0.037 0,022 t 0.006 0.28 t 0,015
SE of FFIF 12 0.19 £0.05 0.04 % 0,005 -0.02 t 0.002 1.7 10,040 0.088 ¢ 0,009 0.28 3 0.019
N of 300 Area 13 0.008 & 0.001 0.93 ¢ 0.029  0.023 + 0.004 0.13 t 0.016
Hanford Townsite 14 0.12 3 0.01 0.06 # 0.00) 0.06 t 0,003 0.29 ¢ 0.015 0,044 t 0.006 0.18 ¢ 0.013
Wye Barricade 15 0,00 3 0.01 0.05 # 0,006 0,04 3 0,008 0.16 # 0.012 0,016 ¢ 0,007 0,i5 # 0,012
Onsite Mean 0.078 ¢ 0.045 0.069 & 0,028 0,058 t 0.024 0.61 1 0.22 0.19 ¢ 0.14 0.36 1 0,16

UFFSITE
Riverview 16 0.04 £ 0,00 0.05 g 0.003 0,01 & 0.002 1.} £ 0,033 0.015 & 0,010  0.069  0.085
Byers Landing 17 0.06 ¢ 0.04 0,03 % 0.004 0.008 ¢ 0.002 0.12 3 0.006 0.018 ¢ 0,008 0.057 3 0,089
Sagemoor 18 0.05 t 0.01 0.03 ¢ 0,004 0.01 % 0.004 »{<).0,006 ; 0,017  0.067 ¢ 0.012  0.097 ¢ 0,011
Taylor Flats #2 19 0.08 : 0.05 0.04 0,02 0,06 % 0.003 0.037 ¢ 0,024  0.063 £ 0,010 0.10 % 0.010
W End Fir Road 20 0.06 ¢ 0.007 +0.009 t 0.014 0.086 ¢+ 0,020  0.047 ¢ 0.016  0.076 ¢ 0.088
Ringold 21 0.04 3 0.01 0.10 3 0.015 +0.018 ¢ 0.019 0.65 $0.026 0.051 & 0.010  0.066 t 0.0081
Bery Ranch 22 0.05 & 0.01 0,03 & 0,003 0.04 # 0,002 *0,023 ¢ 0.027 0,092 & 0.026 _ 0.050 t 0,079
Waniuke p2(d) 23 0.02 % 0.01 0.05 & 0.005 0,01 $ 0.004 0.018 & 0.016  0.046 ¢ 0.013 ~ 0,15 3 0,012
Vernita Bridge(d) 24 0.03  0.003 0.10 & 0,011  0.073 3 0,011  0.21 & 0,011
Yaktuwa Barricade(d) 25 0.07 $0.01 0,06 % 0,005 0.05 % 0.0l 0.04 & 0,008 0.022 & 0,003 0,21 % 0.0t
Ratglesnake Springs(¥) 26 0.024 ¢ 0.004 0.69 t 0.026 0,087 t 0,011 1,7 ¢ 0,033
Aelad 27 0.09 :0.01 0.05 & 0,005 0,05 # 0.005 €0.017 ¢ 0.023 0,082 ¢ 0,007 0,095 & 0,090
Prosser am.me(d) 28 0.03 § 0.01 0.06 ¢ 0,005 0.05  0.02 *0,021 t 0.022  0.12 & 0.009 NS
S of 300 Area 29 0.03 & 0,004 0.05 & 0011 0,047 § 0.005  0.091 & 0.014
Benton City 30 0.08 : 0.01 0,04 3 0.005 0.05 3 0.008 0.12 ¢ 0,013 0,055 ¢ 0,016 0.30 ¢ 0,013
Sunnyside 31 0,05 ¢ 0.0 0,19 $0,02 0.005 & 0.00 0.18 4 0,016 0,037 & 0.008  0.061 % 0.075
Offsite Mean 0.054 £ 0.014 0.058 : 0,023 0.031 ¢ 0.0095 0.20 1 0.16 0,057 ¢ 0.015  0.22 ¢ 0.21

(a) lndividual results t two sigma counting error. Means ¢ 2 standard error of the calculated mean.
(b) Lucations are tdentified in Fiyure 46.
{c) The * signiffes that the associated uncertainty is greater than or equal to the result.
(d) Perimeter location onsite near site boundary.
NS = Ho Sample
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TABLE A.33. 137Cs Concentrations in Vegetation (pCi/g, dry weight)("

HAP
LOCATION LOCAT10n{8B) 1980 1981 1982 1983 1984 1985
OHSITE
1 Hile NE of N Area 1 +(€)0.08 1 0.06 +0.003 £ 0.012 *0.0097 £ 0.014  0.015 & 0.011
1 Mlie E of N Area 2 0.09 30,07 0.026 t 0.008 *0.0032 1 0,013  ¢0.003 # 0.025
100 Area Fire Station 3 +0.04 ¢ 0,07  0.015 & 0.008 0,015 4 0.012  0.016 ¢ 0.014
200 ENC 4 0.57 4 0.23 0.11 §0.03  0.23 % 0.05 0,18 0.014 0.24 1 0.020 0.3 t 0.082
€ of 200E 5 0.37 1 0.13  0.069 t 0.010 0,069 & 0,013 0.12 t 0.030
200 ESE 6 «0,08 +0.12 0,05 3 0,02 0.08 & 0.05 0.053 3 0.009 0,079 ¢ 0.017 0.078 £ 0.020
W of BC Cribs 7 0.05 i 0.02 0,0085¢ 0.0055 0,018 & 0,013  0.038 t 0.016
S of 200E 8 0.05 $ 0,04 0,013 t 0.007 0.022 3 0,011 0.068 ¢ 0.015
€ of 200W 9 0,01 £ 0,015 0.05 £ 0,02 *-0.03 3 0.04 0.03 & 0.009 0,055 1 0.016  0.052 & 0.017
2 Niles S of 200M 10 +0.0004; 0.06  0.025 & 0.009 *0,011 % 0,012  *0.019 & 0.023
NE of FFTF 1l 0,11 0.3  0.04 0,01 #-0.03 # 0.04 0.02 & 0.008 40,0064 ¢ 0.11 0.048 t 0.020
SE of FFTF 12 20,06 £0.23 0,05 40,02 *0.01 1 0.02 0.03 & 0.009 *-0,0095 ¢ 0.015 0,032 & 0.018
N of 300 Area 13 +0.02 § 0.05 0,010  0.006 0.0} ¢ 0.009 0.024 ¢ 0.016
Hanford Townsite m 0.32 % 0.15 0.03 1 0.02 0.07 3 0.02 *0.011 ¢ 0.011 *+0.010 £ 0,020  0.038 & 0.022
Wye Barricade 15 40,02 ¢ 0,15 0,05 # 0,02 *0.035 & 0.045 *-0.01 ¢ 0.016  0,0037 t 0.01} 0.035 3 0,015
Onsite Mean 40.16 't 0.17  0.054 £ 0,024 0,072 & 0,055 0,035 ¢ 0,023 0,034 & 0.033  0.062 ¢ 0.085
OFFSIIE

Riverview 16 0,02 & 0.12 40.02 & 0.02 *-0.006 ¢ 0.03 0,021 & 0,007 ¥-0,0001 & 0.014 ¢-0.0054 ¢ 0.011
Byers Landing ¥ 50,18 £ 0,20 *-0.006 ¢ 0.02 0,08 3 0,06  0.013 ¢ 0.011 0.024 # 0.012 0.017 & 0.011
Sagemoor 18 +0.03 ¢ 0.08 *0.02 % 0,02  0.05 % 0.03 *0.012 ¢ 0.012  *0.903 # 0.012 *0.0i3 1 0.014
Taylor Flats #2 19 0.27 $0.17 0,06 £0,02 *+0,02 % 0.04 0,025 £ 0.0J2  0.016 & 0.013 *0.011 3 0.022
W End Fir Road 20 +0.02 £ 0.16  0.03 & 0,02 *-0.07 & 0.04 0,021 ¢ 0.010  *0.095 & 0.021 0,022 1t 0.021
Ringold 2 0.21 4 0.17 *-0.01 4 0.02  *0.0005¢ 0.08 0,020 + 0,008 *-0.0008 3 0.013 <*0.0083 & 0.013
Berg Ranch 2 +0.01 ¢ 0.14 *-0.04 3 0,02 0,05 & 0.04  0.014 ¢ 0.009 0,027 ¢ 0.011 *0.0073 & 0.014
Wahivke #2{(d) 2 «.0.05 # 0.12 %-0.005 ¢ 0.02 *+-0.08 % 0,07 0,02 % 0.008 *+-0.0012 ¢ 0.0)2 0.023 # 0.013
Vernita Bridge(d) 2 0.09 #0.03 0.014 £ 0,010  *0.005 # 0.010 *0.0061 & 0.015
Yakima Barricadel(d) 25 0.18 % 0.17 * 0.02 ¢ 0,02 *0.02 & 0.02 0.012 t 0.010  *0.00 # 0.013 ¢0.0027 ¢ 0.015
Ratg Jesnake springs(d} 2 0.03 1 0,02 *0.004 ¢ 0.009  *0.0054 ¢ 0.013 0.016 ¢ 0.014
ALE 27 +6.01 £ 0.11  0.04 2 0.03  0.03 2 0.02 *0,0093% 0.0095 *-0.0006 & 0.0i2 0,022 & 0.013
Prosser aarnme(‘ﬂ 28 +0.04 £0.11 0,08 #0.03  *0.006 £ 0.02 0,011 + 0.008  *0.012 # 0.012 NS

S of 300 Area 29 0.02 & 0.01 *0.005 % 0.0i2  *0.0032 ¢ 0,013 ¢0.013 & 0.020
Benton City 30 +.0.01 t0.18 0.03 t 0,02 °0.06 # 0.08  0.022 ¢ 0.007  +0.0041 # 0.011 0.093 : 0.021
Sunnys tde a *0,05 4 0.14_ 0,03 3 0,02 0.04 £ 0,02 *0.006 ¢ 0.009  0.018 & 0,012 0.018 & 0.015
offsite Hean 0.075 ¢ 0,069 *0.015 ¢ 0.022 *0.023 ¢ 0.023 0,014 & 0.0041  0.0078 ¢ 0.0055 0,018 ¢ 0.012

(a) individual results t two Sigma counting error. Means t 2 standard error of the calculated mean.
(b} Locations are identified in Figure 46,
ic‘ The ¢ signifies that the associated uncertainty Is greater than or equal to the result.
Perimeter location onsite near site boundary.

NS = No Sample
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TABLE A.38, 239.240py concentrations in Vegatatton (pCt/g, dry welght)(’)

MAP
LOCATION LocaTion(b) 1980 1981 1982 1983 1984 1985
ONSITE
1 Mile NE of N Area 1 «(c).0,0009 & 0.0006  0.00000 # 0.00000 0.0005 # 0.00015 *0.00013 ¢ 0.00015
1 Mile € of N Area 2 0,0012 % 0.0010 *0.00022 & 0.00045 ¢0,00012 ¢ 0.0003¢ 0,00036 # 0.00020
100 Area Fire Station 3 +0.0002 # 0.0004 0,032 & 0,0020 *0,00012 & 0.00025 0,00032 ¢ 0.00018
200 ENC 4 0.001 $ 0.0004 *0,00062 ¢ 0.00067 +0.00028  0,00039 0,00082 t 0.00022 0.00067 3 0.00026
E of 200E 5 0.0008 & 0.000?  0.00066 ¢ 0.00046 0,00074 ¢ 0.00066 0.0075 & 0.00il
200 ESE - 6 0.06 & 0,008 0,004 3 0,001 *0,0001 # 0.0006 *0.00046 t 0.00061 0.00093 + 0.00066 0.0018 # 0.00043
SW of BC Cribs 7 +0.0004 ¢t 0.0006 *0.00016 ¢ 0.00018 *0,00054 & 0.00061 0,00096 & 0,00032
S of 200€ 8 «0,0005 § 0.0006 *0.00020 & 0.00025 0.00044 3 0.00037 0.0025 & 0.00051
€ of 2004 9 -0.003 & 0,001  0.004 & 0.0008 0.0044 & 0.0010 0,0065 & 0.0018  0.0060 & 0.00083
2 Miles S of 200M 10 0.00074 ¢ 0.00067 0.0021 ¢ 0,00084 *0.0001 & 0.00020 0.00059 # 0.00028
NE of FFIF 11 0.001 3 0.0007 +0.0006 & 0.0010 +0,00022 ¢ 0.00026 *0,00036 t 0.00039 0.00047 & 0.00023
SE of FFIF 12 0.001 4 0.0006 *-0,0003 # 0.0004  0.00070 & 0.00069 0.00083 ¢ 0.00063 0.00049 ¢ 0.00030
N of 300 Area 13 0.003 ¢ 0.0007  0.00046 ¢ 0.00034 0.0022 3 0.0011  0.00026  0.00014
Hanford Townsite 14 0.002 & 0.0006 0.0004 & 0.0003 +0.0007 % 0.0010  0,00055 i 0.00035 *0,00042 & 0.00022
Wye Barricade 15 0,002 ¢ 0,0007 0.003 3 0,0007 *0,0006 & 0.0008  0.00026 # 0.00024 *0.00078 & 0.00088 0.0012 & 0.00038
Onsfte Mean 20.033 ¢ 0.077  0,0022 4 0.0010 0.00087 ¢ 0.00065 *0.0028 & 0,0042  0,0010 ¢t 0,00085 0.0016 ¢ 0,0012
OFFSITE

Riverview 16 0.002  0.0003 *0.0005 % 0,0007  0.00220 ¢ 0.00086 *-0.00013 t 0.00017 ©.00075 & 0.00039
Byers Landing ] 0.0006 4 0.0004 *0.00079 # 0.00083 0.00040 ¢ 0.00038 *0,0001C ¢ 0.00010 0.00015 & 0.00013
Sagemoor 18 0.002 1 0.0009 *-0,00040 ¢ 0.0004 *0.00020  0,00050 *0,00012 3 0.00014  0,00022 ¢ 0.00017
Taylor Flats #2 19 0.002 § 0.0006 +0,00004 # 0,0004  0.00056 ¢ 0.00036 *-0.00019 4 0.00010 0.00036 & 0.00028
W End Fir Road 20 0.09 2 0.009 0.002 4 0.0007 +0.0007 & 0.0009 *0.00021 ¢ 0.00029 *0.00039 ¢ 0.00048 0.00019  0.00015
Ringold 21 0.001 4 0.0009 +0.0001 & 0.0004 *0,00000 + 0,00000 *-0.00007 ¢ 0.00030 0.00019 & 0,00017
Berg Ranch 22 0.003 t 0.0008 *0.0002 } 0.0004  0.00050 @ 0.00030 0.00080 ¢ 0.00059 0.00058 & 0.00031
wahiuke #2(9) 23 0.03 $ 0,008 0.001 & 0.0005 0.003 & 0,0008 *-0,00001 ¢+ 0.00002 *0.00017 ¢ 0.00028 0.00026 # 0.00021
Vernita Bridge(d) 24 0.002 ¢ 0,0009 *0.00008 t 0.00030 0.00035 ¢ 0.00025 0.00017 t 0.00028
Yakima Barricade(d) 25 0.002 # 0.0008 °*0.001 ¢ 0.0010  0.00038 : 0,00023 *0.00027 & 0.00044  0.00056 ¢ ©0.00022
Raty leshake Springs(4) 2 0.0004 ¢ 0,0003 *0.00083 ¢ 0.00096 *0.00022 t 0.00022 0.00040 & 0.00021
ALEld 2 0.15 ¢ 0.010  0.001 % 0.0008 *0.0005 ¢ 0.0006  0.00033 4 0,00028 0.00074 t 0.00063 0.00054 % 0.00025
Prosser g,,-nme(d) 28 0.004 § 0.0010 *-0.00008 ¢ 0.0005 *0.00034 ¢ 0.00034 *0.00017 & 0,00031 NS

S of 300 Area 29 0.001 4 0,0007 *0.00014 £ 0.00021 *+0,00036 & 0.00067 0.00045 & 0.00021
8enton City 30 0.10 & 0.010  0.002 % 0.0007 0.000 ¢ 0.0009  0.00070 ¢ 0,00050 ¢-0.00015 ¢ 0.00025 0.0019 & 0.00048
Sunnyside n 0.003 % 0.0008 0.001 ¢ 0.0008  0.00031 & 0,00029 0,00031 % 0.00025 0.00017 3 0.00014
Offsite Mean 0.093 ¢ 0.058  0.0036 t 0.0033 0.00077 % 0.00045 0,00045 ¢ 0,00028 0.00022 # 0,00017 ©,00046 & 0.00023

(a) Individual results t two sigma counting error. Means ¢ 2 standard error of the calculated mean.
(b) Locations are identified in Figure 46,
(¢} The * signifies that the associated uncertainty is greater than or equal to the result.
(d) Perimeter location onsite near site boundary.
NS = Mo Sample
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TABLE A.35. U Concentrations in Vegetation (pCi/g, dry welgnt)(')

MAP

LOCATION vocationb) 1980 1981 1982 1983 1964 1985

ONSITE

1 Hile NE of N Area 1 0.0 ¢ 0.005 0.006 4 0.003 0.007 3 0.0034 0.0076 ¢ 0.0056
1 Hile € of N Area 2 0.02 0,007 0.007 % 0.003 O0.0061  0.0030 0.013 ¢ 0.0074
100 Area Fire Station 3 ) 0.008 $ 0.003 0.007 ¢ 0.003 .0.0067 ¢ 0.0033 0.016 & 0.0078
200 ENC 4 «(€)gol $0.00  0.01 ¢0.004 0.006 £0.002 0.007 % 0.004 0.0092 % 0.0037 0.015 $ 0.0076
€ of 200€ 5 0.01 ¢ 0.005 0.008 3 0.003 0.0066 # 0.0082 0.011 % 0.0064
200 ESE 6 *0.005 £ 0.01  0.008 § 0.003 0.006 % 0.002 ©.007 & 0.003  0.0052 § 0.0040 0.016 $ 0.0080
SH of BC Cribs 7 0.0 ¢ 0.003 0.005 § 0.003 0.0i7 $ 0.0077 0.014 & 0.0077
S of 200€ 8 0.01 £0.004 0.009 §0.004 0.011 % 0.0054 0,035 & 0.014
E of 2004 3 0,008 £ 0.01  ©0.01 $0.004 0.01 ¢ 0.004 0.011 §0.004 0.016 & 0.0065 0.022 t 0.0096
2 Miles S of 200M 10 0.01 £0.003 0.007 % 0.003 0.015 # 0.0058 0.0096 $ 0.0063
NE of FFIF 1 0.0 $0.01  0.02 $0.006 0.002 % 0.0008 0.005 # 0.003 0.014 ¢ 0.005  0.0081 ¢ 0.0054
SE of FFIF 12 0.0l $0.01  0.008 ¢ 0.003 0.007 % 0.002 0.01 $0.004 0.0050 & 0.0027 0.022 $ 0.0098
N of 300 Area 13 0.01 £ 0.005 0.008 £ 0.006 0.012 & 0.0046 0.082 # 0.027
Hanford Townsite 1 0.04 $£0.20  0.005 £ 0,003 0.0F & 0.004 +0.011 % 0.048  0.0032 ¢ 0.0022 0.015 4 0.0080
Mye Barricade 15 0,02 $ 0,01 *0.01 $ 0,040 _0.005 ¢ 0,002 _0.00]7 & 0.0035 0.0045 ¢ 0.0036 _0.02) % 0.009S
Onsite Mean +0.016 ¢ 0.031  0.010 § 0.0037 0.0099 % 0.0025 0.0083 t 0.0018 0,0093 ¢ 0.0026 0.02} 3 0.0099

OFFSITE
Riverview 16 0.008 ¢ 0.0 0.02 ¢ 0.0008 0.02 £ 0,006 0.014 # 0,005 0.021 § 0.0076 0.0099 § 0.0060
fyers Landing Y] 0.03 30.02 0.02 $0.0080 0.04 ¢0.010 0.015 % 0,006 0.022 ¢ 0.0078 0.19 % 0.058
Sagenoor 18 0,003 § 0.01  0.02 § 0.0080 0.02 ¢ 0,006 0.013  0.005 0.012 & 0.0050 0.019 $ 0.0086
Taylor Flats #2 19 0.11 £0.04 0.03 $0.010 0.03 $0.009 0.016 §0.006 0.011 $ 0.0044 0.022 % 0.0096
W £nd Fir Road 20 0,003 £ 0,01 0.02 § 0.0070 0.03 $0.010 0.02 40.007 0.035 & 0.012 0.038 & 0.014
Ringold 21 0.02 $0.01 0.0 $0.010 0.03 ¢£0.010 0.027 $0.009 0.025 % 0.0085 0.041 & 0.016
Berg Ranch 22 0.0008 ¢ 0.01  0.00 & 0D.0050 *0.02 ¢ 0.060 0.012 4 0.005 0.017 ¢ 0.0066 0.0097 & 0.0063
wahiuke g2td) 2 0,002 $ 0.01 0.02 ¢ 0.0068 0.01 & 0.005 0.011 #0.005 0.0088 : 0.0039 0.015 & 0.0079
vernita Bridge!d) 24 0.01 & 0.005 .0.013 £ 0.005 0.011 ¢ 0.0045 0,020 # 0.0090
Yakima Barricade(d) s 25 *0.01 £0.01 0.12 §0,000 0.00 ¢%0.003 0.0078 ¢ 0.0035 0.0037 ¢ 0.0020 0.020 $ 0.0090
Ratlgsnake Springs(d) 26 0.004 .¢ 0.001  0.012 & 0.005 0.0042 ¢ 0.0022 0.013 & 0.0068
ME . 2 0.07 £0.03 0.007 £ 0.0020 0.008 % 0.003  0.0055 & 0.0029 0.0057 t 0.0025 0.0075 $ 0.0054
Prosser Barrifa?e( ) 28 “0.01 §0.01 0.006 4 0.0030 ©0.00 ¢ 0.003 0.011  0.005 0.0042 ¢ 0.0023 NS
S of 300 Area 29 0.006 $0.002 0.0118 # 0.0056 0.014 4 0.0053 0.036 % 0,014
8enton City 30 0.03 1 0.02 0.01 £ 0.006 0.015 % 0.006 0.014 # 0.0056 0.013 % 0.0074
Sunnys {de 31 0,02 30,0 0.0l 40,0050 0,001 $0.005 _0.009 30,004 +0,0013 t 0.00i4 _0.0086  0.0057
Offsite Mean 0.024 ¢ 0,018 0.027 ¢ 0.016  0.017 % 0.0052 0.013 % 0.0028 0.013 4 0.0009 *0.041 t 0.041

fndividual results ¢ two sigma counting error.

(a)
b) Locations are identified in Figure 46.
c)

The * signifies that the assoc{ated uncertainty is gyreater than or equal to the result,

(d) Perimeter location onsite nesr site boundary,

NS = No Sample.

Means t 2 standard error of the calculated mean,
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TABLE A.36. Environmental Dosimeter Measurements - Perimeter and

Community Locations

Dose Rate, mrem/yr(a)

Map No. of

Location Location(b) Sampies Maximum Minimum Average(c)

Perimeter Stations )
12 74 58 65

Prosser Barricade 1 +t 6
ALE 2 12 70 58 65 £ 5
Rattlesnake Springs 3 12 73 55 69 + 7
Yakima Barricade 4 12 76 58 71 +6
Vernita Bridge 5 12 73 57 65 t 6
Wahluke #2 6 13 84 65 70 £ 7
Berg Ranch 7 11 81 58 71+8
Sagehill 8 11 73 51 64 + 8
Ringold 9 11 95 51 68 + 13
Fir Road 10 12 76 55 66 + 5
Pettett 11 13 72 36 60 £ 10
Sagemoor 12 13 77 43 64 + 9
Byers Landing 13 12 79 58 68 + 7
RRC #64 14 13 75 57 62 £ 5
Horn Rapids Rd. Mi. 12 15 13 72 51 62 £ 7
Horn Rapids Rd. Substation . 16 13 68 52 59 £ 5
Range of annual averages 59-71 mrem/yr
Nearby Communities
Benton City 17 12 61 44 52 t 6
Othello 18 11 61 47 54 £ 5
Conneil 19 11 68 51 58 + 6
Pasco 20 13 67 4 56 + 7
Richland 21 13 64 48 55 6
Range of annual averages 52-58 mrem/yr
Distant Communities
Walla Walla 22 12 64 47 57 £ 6
NcNary 23 12 72 59 65 + &
Sunnyside 24 12 66 52 59 + &
Moses Lake 25 11 60 50 54 + 4
26 11 66 57 61 t 4

Washtucna

(a) Monthly integrated readings in mR were converted to annual dose equivalent

rates.

{b) Locations are identified in Figure 51.

Range of annual averages 54-65 mrem/yr
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TABLE A.37. Immersion Dose Rates Measured in the Columbia River

Number of Dose Rate, mrem/h{2)

Location(b) Measurements Maximum Minimum Average(c)
Coyote Rapids 2 0.005 0.003 0.004 + 0.003
Richland Pumphouse 4 0.003  0.003 0.003 % 0.0004

{a) Monthly integrated readings in mR were converted to hourly dose
equivalent rates

(b) Locations are identified in Figure 53.

(c¢) Averages :2 times the standard error of calculated mean.

TABLE A.38. Environmental Dosimeter Measurements at Publicly Accessible
Onsite Locations

Map No. of Dose Rate, mrem/h(3)

Location Location{P) Measurements Maximum Minimum Averages(c)
100N Area Shoreline
100N Trench Springs 1 12 0.043 0.008 0.019 + 0.014
Below 100N Main Stack 2 12 0.036 0.012 0.021 : 0.008
Upstream Tip 100N Berm 3 12 0.040 0.018 0.022 + 0.008
Downstream 100N Outfall 4 12 0.036 0.015 0.025 + 0.007
300 Area Perimeter Fence .
3777-S Fence 5 12 0.028 0.014 0.017 : 0.004
3705 West Fence 6 13 0.018 0.008 0.012 + 0.003
400 Area (FFTF) Perimeter

Fence

400 East 7 13 0.008 0.006 0.007 & 0.0006

(a) Monthly integrated readings in mR were converted to hourly dose equivalent
rates.

(b) Locations are identified in Figure 54.

(c) Averages %2 times the standard error of the calculated mean.
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TABLE A.39. Environmental Dosimeter Measurements Along the Hanford Reach of
the Columbia River

Dose Rate, mrem/h(2)

Map No. of
Location Location(b) Measurements Maximum Minimum Average(c)
Upriver 100B Area 1 4 0.009 0.007 0.008 + 0.002
Below 100B Retention Basin 2 4 0.017 0.015 0.015 £ 0.002
Above 100K Boat Ramp 3 4 0.008 0.007 0.008 + 0.002
Downriver 100D 4 4 0.011 0.009 0.010 + 0.002
Downriver Opposite 1000 5 4 0.008 0.007 0.007 £ 0.001
Lower End Locke Island 6 4 0.009 0.007 0.008 + 0.002
White Bluffs Slough 7 4 0.017 0.011 0.015 t 0.005
White Bluffs Ferry Landing 8 4 0.009 0.008 0.008 + 0.001
Below 100F 9 4 0.008 0.007 0.007 : 0.001
100F Floodplain 10 4 0.015 0.013 0.015 % 0.002
Hanford Powerline Crossing 11 4 0.009 0.008 0.008 + 0.001
Hanford Ferry Landing 12 3 0.008 0.007 0.007 % 0.002
Hanford Peninsula 13 4 0.014  0.010 0.012 + 0.004
Hanford Railroad Track 14 4 0.012 0.010 0.011 + 0.002
Savage Island Slough 15 4 0.012 0.009 0.010 t 0.002
Ringold Istand 16 4 0.009 0.008 0.008 ¢ 0.001
Powerline Crossing 17 4 0.010 0.008 0.009 ¢ 0.001
North End Wooded Island 18 3 0.008 0.006 0.007 £ 0.003
South End Wooded Island 19 4 0.010 0.009 0.009 * 0.001
Island Near 300 Area 20 4 0.013 0.009 0.011 £ 0.004
Below Bateman I[sland 21 2 0.010 0.008 0.009 + 0.003

(a) Quarterly, integrated readings in mR were converted to hourly dose equivalent

rates.

(b) Locations are identified in Figure 53.

(c) Averages 2 times the standard error of the calculated mean.
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TABLE A.40. Onsite Exernal Penetrating Dose Measurements

Map No. of Dose Rate, mrem/h(2)
Location Location(b) Measurements Maximum Minimum Average(c)
100 Area |
100K 1 13 0.008 0.006 0.007 + 0.0007
100N 2 13 0.011 0.007 0.009 + 0.002
100D 3 12 0.009 0.007 0.008 + 0.0008
100 Area Fire Station 4 12 0.008 0.005 0.006 + 0.0009
200 Area
N of 200E 5 12 0.009 0.007 0.008 t 0.0006
£ of 200t 6 12 0.009 0.007 0.008 + 0.0009
200ESE 7 12 0.008 0.006 0.008 + 0.0007
GTE Building 8 12 0.007 0.005 0.007 % 0.0007
SW of BC Cribs 9 12 0.008 0.007 0.008 + 0.0006
S of 200t 10 12 0.009 0.007 0.008 + 0.0006
300 Area
300 Pond i1 13 0.009 0.006 0.007 £ 0.0008
3614 A Building 12 13 0.008 0.004 0.007 t 0.0008
300S Gate 13 13 0.008 0.006 0.007 £ 0.0006
300SW Gate 14 13 0.008 0.005 0.009 + 0.000¢%
3705 West Fence 15 13 0.018 0.008 0.012 t 0.003
377 Building South Fence 16 12 0.028 0.008 0.017 * 0.004
400 Area
400€ 17 13 0.008 0.006 0.007 + 0.0006
400W 18 13 0.009 0.005 0.007 * 0.001
400S 19 13 0.008 0.006 0.007 t 0.0006
400N 20 13 0.011 0.006 0,008 + 0.001
FFTF North 21 13 0,008 0.005 0.007 £ 0.0008
FFTF Southeast 22 13 0.008 0.006 0,007 + 0.0006
600 Area
Rt. 11A Mi. 9 23 12 0.008 0.007 0.007 t 0.0005
Hanford 24 13 0.008 0.006 0.007 + 0.0006
Wye Barricade 25 13 0.009 0.007 0.007 t 0.0007
Army Loop Camp 26 12 0.008 0.007 0.008 + 0.0006

(a) Monthly integrated reading in mR were converted to hourly rates.
(b) Locations are identified in Figure 55.
(c) Averages t2 standard error of the mean.
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TABLE A.41.

Water Quality Parameters Analyzed by HEHF, 1985

(a) Well locations are identified in Figure 17.

(b} Nitrate analyzed as nitrogen. To-convert to nitrate ion multiply by 4.4.

in mg/e
Well Total
LgcaE;?n Cond. Alk as HCOE-Alk COEAlk as (b)

0. Date  pH  umho/cm CaC0, Cal0, aC0, T0S Cl_ S0; NO5-N Ca Mg Na K B
699-26-15 12-2 1.7 485 113 110 0.6 289 12.6 50 9.1 43 11 21 6.7 0.07
699-5-31-01-p 12-2 7.9 247 88 85 0.6 150 5.1 16 0.76 25 5.8 9.0 4.0 0.05
699-02-03 12-2 7.7 470 118 120 0.6 268 9.9 52 6.7 41 11 19 5.7 0.06
699-02-07 12-2 7.5 1316 163 170 0.7 855 50 350 14.0 132 41 53 11.4 0.20
699-S-03E-12 12-2 7.9 306 106 115 1.0 222 7.4 21 5.2 33 9.5 11 4.5 <0.05
699-59-58 12-2 7.9 282 114 120 1.2 181 5.5 14 0.20 19 6.6 27 5.2 0.25
699-5-19£-13  12-2 7.8 408 122 130 0.8 284 16.0 48 4.3 39 12 21 6.2 0.15
699-49-13E 12-9 7.1 366 131 126 <0.5 205 4,9 24 1.4 29 6.8 25 5.5 0.09
699-50-288 12-9 7.6 298 124 116 0.5 213 7.4 28 0.85 25 11 20 4.0 0.20
699-50-53 12-9 7.7 836 80 76 <0.5 595 61 208 16.8 89 30 34 10.5 0.09
699-55-50C 12-9 7.9 201 113 109 1.0 155 5.4 16 0.34 31 9.3 4.7 4.0 0.08
699-71-77 12-9 7.7 229 122 120 0.7 189 3.4 22 0.86 20 10 14 5.0 0.17
699-72-88 12-9 7.5 235 99 96 <0.5 178 4.6 35 1.02 26 7.1 8.0 4.3 0.12
699-74-44 12-9 8.4 189 64 60 1.4 130 7.5 36 0.12 12 4.8 26 2.6 0.20
699-81-588 12-9 7.8 177 97 95 0.6 123 1.1 16 0.25 25 7.4 3.6 2.5 0.12
699-87-55 12-9 7.9 185 86 83 0.8 165 3.1 28 3.8 21 8.6 12 3.4 0.08
699-89-35 12-9 7.6 196 153 150 0.7 240 4,6 37 2.1 31 12 31 5.0 0.20
699-64-27 12-16 7.8 831 147 140 1.0 557 33 186 8.7 64 20 47 7.7 0.11
199H-04-05 12-16 7.5 372 120 113 0.8 248 5.0 38 4.6 46 8.6 6.9 4.2 0.11
199H-04-03 12-16 8.0 2150 118 114 1.6 1520 7.1 90 210 51 9.2 336 9.7 0.20
199H4-04-04 12-16 7.9 412 102 96 0.9 290 4.8 39 14,6 23 4.9 48 4,1 0.10
699-78-62 12-16 7.9 346 104 100 0.8 250 6.7 55 1.6 3311 13 4.9 0.09
699-45-42 12-16 7.8 294 106 101 0.7 208 5.1 30 1.6 20 10 14 4.4 0.08
699-66-64 12-16 7.9 318 115 107 1.0 206 6.2 23 2.4 26 .9.2 14 5.7 0.10
699-45-69A 12-16 7.9 433 114 108 1.0 299 13.1 50 7.1 38 17 7.4 3.7 0.09
699-26-89 12-16 7.6 371 150 142 0.5 231 4,5 17 0.67 32 14 17 3.8 0.09
699-10-54 12-16 7.9 330 120 114 0.9 214 5.0 20 3.0 29 11 11 3.3 0.09
699-19-43 12-16 7.8 405 114 107 0.7 270 7.4 56 2.3 37 10 18 5.5 0.09
699-20-E-05A 12-23 7.4 298 116 111 <0.5 227 7.1 31 4.7 35 10 12 5.1 0.09
699-31-5380 12-23 7.8 221 159 153 1.0 244 6.0 27 1.3 39 13 18 4.9 0.09
699-34-42 12-23 7.9 224 101 99 0.8 224 4.1 29 6.2 22 8.6 25 5.9 0.12
699-35-70 12-23 7.8 202 133 128 0.8 282 24 31 7.9 38 14 23 5.5 0.11
699-36-93 12-23 7.8 157 72 69 <0.5 196 13.8 46 1.7 18 16 13 6.2 0.10

' 699-49-79 12-23 7.9 229 97 95 0.8 254 8.6 46 9.7 39 14 8.4 3.6 0.17
699-63-90 12-23 7.8 229 121 116 0.8 210 8.4 28 1.2 30 13 11 4.4 <0.05
699-5-03-25 12-30 7.7 400 132 127 0.5 338 28 80 <0,1 53 14 25 7.5 0.i6
699-14-47 12-30 7.7 163 99 94 0.5 172 11.5 156 <0.1 20 8.2 16 5.6 0.07
699-15-26 12-30 7.8 324 127 123 0.5 298 13.1 55 5.3 4 12 23 7.7  0.07
699-25-70-0 12-30 7.6 231 109 102 <0.5 223 6.6 21 3.1 27 12 15 3.9 0.16
699-40-01 12-30 7.8 308 106 100 0.6 295 10.3 41 9.0 39 13 18 6.3 0.14
699-40-33A 12-30 8.0 270 143 138 1.2 227 2.8 <2 <0.1 11 4.0 51 6.7 0.09
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TABLE A.42., Constituents Detected in Sampling of 75 Wells in the
Site-Wide Network

Detection No. of Wells

Constituent Limit (DL), ppb  Above DL/Proportion(2)
Barium 6 74/99%
Cadmium 2 17/23%
Chromium 10 26/35%
Copper 10 16/21%
Manganese 5 46/61%
Sodium 100 75/100%
Nickel 10 19/25%
Vanadium ' 5 68/91%
Aluminum 150 11/15%
Potassium 100 75/100%
Iron 50 65/87%
Arsenic 5 8/11%
Mercury 0.1 2/3%
Total Organic

Carbon (TOC) 1 ppm 36/48%
Nitrate 500 74/99%
Sulfate 500 75/100%
Fluoride 500 22/29%
Chloride 500 75/100%
Phosphate 1000 1/1%
Coliform Bacteria 3 mpn(b) 15/20%
Radium 1 pCi/2 12/16%
Gross Beta 8 pCi/2 73/97%
Gross Alpha 4 pCi/% 53/71%
Ammonium ion 20 32/100%(C)

(a) The proportion is the number of wells above the detec-
tion limit divided by the number of wells in the data
set used for the table.

) mpn = most probable number

c) Not all wells were sampled for this constituent,
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TABLE A.83. Constituents Detected in Sampling of Two Wells at the

100B Area
Detection No. of Wells
Constituent Limit (DL), ppb  Above DL/Proportion{2)

Barium 6 2/100%
Cadmium 2 1/50%
Chromium 10 2/100%
Manganese : 5 1/50%
Sodium 100 2/100%
Vanadium 5 1/50%
Potassium 100 2/100%
Iron 50 1/50%
Total Organic

Carbon (T0C) 1 ppm 1/50%
Nitrate 500 2/100%
Sulfate 500 - 2/100%
Chioride 500 .2/100%
Coliform Bacteria 3 mpn(P) 1/50%
Gross Beta 8 pCi/’ 2/100%
Gross Alpha 4 pCi/ & 2/100%

(a) The proportion is the number of wells above the detec-
tion 1imit divided by the number of wells in the data
set used for the table.

{b) mpn = most probable number.
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TABLE A.44. Constituents Detected in Sampling of Two Wells at the

100D Area
Detection No. of Wells

Constituent Limit (DL), ppb Above DL/Proportion
Barium 6 - 2/100%
Chromium 10 2/100%
Sodium 100 2/100%
Vanadium 5 2/100%
Potassium 100 2/100%
Iron 50 2/100%
Total Organic

Carbon (TOC) 1 ppm 2/100%
Nitrate 500 2/100%
Sulfate 500 2/100%
Chloride 500 2/100%
Radium 1 pCi/2 1/50%
Gross Beta 8 pCi/a 2/100%

(a)} The proportion is the number of wells above the detec-
tion limit divided by the number of wells in the data

set used for the table.
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TABLE A.45. Constituents Detected in Sampling of Three Wells at the

100F Area
NDetection No. of Wells
Constituent Limit (DL), ppb Above DL/Proportiont?d)

Barium 6 3/100%
Chromium 10 1/33%
Manganese 5 ' 3/100%
Sodium 100 : 3/100%
Vanadium 5 1/33%
Potassium 100 3/100%
Iron 50 2/67%
Total Organic

Carbon (TOC) 1 ppm 3/100%
Nitrate 500 3/100%
Sulfate 500 3/100%
Chloride 500 3/100%
Coliform Bacteria 3 mpn(b) 3/67%
Gross Beta 8 pCi/g 2/100%
Gross Alpha 4 pCi/2 3/100%

(a) The proportion is the number of wells above the detection
limit divided by the number of wells in the data set used
for the table.

(b) mpn = most probable number.
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TABLE A.46. Constituents Detected in Sampling of Two Wells at the

100K Area
Detection No. of Wells

Constituent Limit (OL), ppb Above DL/Proportion(d)
Barium 6 2/100%
Cadmium 2 1/50%
Chromium 10 1/50%
Copper 10 1/50%
Manganese 5 2/100%
Sodium 100 2/100%
Nickel 10 1/50%
Vanadium 5 : 2/100%
Aluminum 150 1/50%
Potassium 100 2/100%
Iron 50 2/100%
Total Organic

Carbon (TOC) 1 ppm 2/100%
Nitrate 500 2/100%
Sulfate 500 2/100%
Chloride 500 2/100%
Radium 1 pCi/ & 1/50%
Gross Beta 8 pCi/2 2/100%
Gross Alpha 4 pCi/2 2/100%

(a) The proportion is the number of wells above the detec-
tion limit divided by the number of wells in the data
set used for the table.
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TABLE A.47. Constituents Detected in Sampling of Six Wells at the

100N Area
Detection No. of Wells

Constituent Limit {(DL), ppb - Above DL/Proportion(a)
Barium 6 6/100%
Cadmium 2 1/17%
Manganese 5 3/50%
Sodium 100 6/100%
Vanadium 5 6/100%
Aluminum 150 1/17%
Potassium 100 6/100%
Iron 50 4/67%
Total Organic

Carbon (TOC) 1 ppm 6/100%
Nitrate 500 6/100%
Sulfate 500 6/100%
Chloride 500 6/100%
Gross Beta 8 pCi/t 6/100%
Gross Alpha 4 pCi/2 1/17%

(a) The proportion is the number of wells above the detec-
tion limit divided by the number of wells in the data
set used for the table.
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TABLE A.48. Constituents Detected in Sampling of 26 Wells in or

Near the 200 Areas

. Detection No. of Wells
Constituent Limit (DL), ppb Above DL/Proportion(a)

Barium 6 25/96%
Cadmium 2 9/35%
Chromium 10 14/54%
Copper 10 9/35%
Manganese 5 18/69%
Sodium 100 26/100%
Nickel 10 8/31%
Vanadium 5 25/96%
Aluminum 150 : 5/19%
Potassium 100 26/100%
Iron 50 24/92%
Arsenic 5 ) 4/15%
Mercury 0.1 2/8%
Total Organic

Carbon (TOC) 1 ppm 8/31%
Nitrate 500 25/96%
Sulfate 500 26/100%
Fluoride 500 14/54%
Chloride 500 26/100%
Coliform Bacteria 3 mpn(b) 3/12%
Radium 1 pCi/ 3/12%
Gross Beta 8 pCi/L 26/100%
Gross Alpha 4 pCi/2 16/62%
Ammonium Ion 20 16/100%(¢)

The proportion is the number of wells above the detec-
tion limit divided by the number of wells in the data
set used for the table.

mpn = most probable number.

Not all wells were sampled for this constituent.
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TABLE A.49. Constitugn%s Detected in Sampling of 34 Wells in the

600 Area'®
Detection No. of Wells
Constituent Limit (DL), ppb Above DL/Proportion(a)

Barium 6 34/100%
Cadmium 2 5/15%
Chromium 10 6/18%
Copper 10 6/18%
Manganese 5 19/56%
Sodium 100 34/100%
Nickel 10 10/29%
Vanadium 5 31/91%
Aluminum 150 4/12%
Potassium 100 34/100%
Iron 50 30/88%
Arsenic 5
Total Organic

Carbon (TOC) 1 ppm 14/41%
Nitrate 500 34/100%
Sulfate 500 34/100%
Fluoride 500 8/24%
Chloride 500 34/100%
Phosphate 1000 1/3%
Coliform Bacteria 3 mpn(C) 9/26%
Radium 1 pCi/2 7/21%
Gross Beta 8 pCi/ & 32/94%
Gross Alpha 4 pCi/& 29/85%
Ammonium Ion 20 16/100%(4)

(a) The 600 Area encompasses the portion of the site not
included in the other areas.

(b) The proportion is the number of wells above the detec-
tion limit divided hy the number of wells in the data
set used for the table.

(c) mpn = most probable number.

(d) Not all wells were sampled for this constituent.
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TABLE A.50. Columbla River Water Quality Data

A Ho. of Annual‘) No. of Annual State
nalysis Units Samples Maximum Minimum _Average Samples _Maximum Minimum Average 2) standarg®)
PML Environmental Monitoring
pH pH units 13 8.6 6.4 NA 13 8.7 6.7 NA 6.5 - B.S
Fecal coliform /100 mt- 13 8 2 2le) 13 350 2 ale) 100
Total coliform 1100 mt 13 92 8 arlel 13 2800 8 130{e)
Biological oxygen demand mg/t 13 4,7 2.4 3.3 £ 0.4 13 3.6 1.3 2.5 ¢ 9.5 '
Nitrate my/ L 13 V.55 0,03  0.13 ¢ 0.08 13 0.32 v.02 0.10 ¢t 0.0% .
USGS Sampling Pragru(‘"
Temperature(®) °c 330 20 1.7 11338 1 21 0.9 11339 20 {maximum)
Dissolved oxygen my/ 6 14.8 9.8 1215 4 14 9.9 12t 1.6 8 (minimum) -
Turbidity wruf ) 5 2.4 0.7  1.410.6 3 2.9 1.3 1.9t 1.0 5 + background .
pH pH units 6 8.2 6.8 HA 4 .8.3 6.4 NA 6.5 - 8.5
fecal coliform /100 mt 5 10 1 ile) 3 13 < 617 100
Suspended solfus, 105°C mg/2 5 1 1 2.4t 2.3 3 1 5 6.0 ¢ 1.2
Dissolved solids, 180°C my/t S 93 66 619 3 85 68 15¢ 10
Specific conductance {micron]mhos 6 160 130 140 ¢ 9 4 160 130 140 ¢ 18
Hardness, as CaCly my/t 3 M 62 69 ¢ 1 k] 18 60 87 ¢ 12
Phosphorus, total mg/t 6 0.03 g.01 0.02 ¢ 0,007 4 0.02 0.01 0,015 ¢ 0.0U6
Chloride, dissolved my/t 5 2.1 1.0 1.3 ¢t 0.4 3 1.1 t.0 1.1 ¢+ 0.0
Chromium, dissolved ny/t 3 1 < 91,04 1.2 3 <10 <10 <10
Nitrogen, Kjeldahl ng/t 6 u.40 ¢.20 0.30 % 0.08 4 0.40 <0.,20 (.28 t 0.0y
Total Organic Carbon mg/t 4 4.6 1.4 3.0 ¢ 1.5 4 6.1 1.0 3.2 ¢ 2.9
{ron, dissolved ny/t 3 1 6 8¢ k) 13} <3 6% 5
Anmonia, dissolved (as N)  mg/t 6 0.04 0,01 0.03 ¢ 0.008 4 0.04 0.02 0.035 ¢t 0.010

(a) Averaye values t two standard error of the calculated mean.

(b) See Appendix C.

{c) Annual median.

(d) -Provisional data subject to revision.

(e} Maximun and minimum represent daily averages. Missing data due to equipment failures.

(f) Nephelometric Turbidity Units,

{y) * Signifies that the uncertainty assoclated with the value ts greater than or equal to the value.
NA = Not Applicab’e.
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TABLE A.51. Estimates of Total Precision Based on 1985
Replicate Sampling and Analysis

Coefficient ?g)

Medium Analysis Variation (%)
Air Gross alpha 26
Gross beta 28
239,240Pu 40
905 56
3y 52
Uranium 20
Water Gross alpha 9
Gross beta 30
Uranium 47
905 75
3y 60
Milk 90g, 21
Wheat 905, 16
Soil onsite 239,240p, 43
Soil onsite Uranium 28
Soil onsite  137¢s 23
Soil onsite 905 28
Soil offsite  Uranium 29
Soil offsite  0sp 16

(a) Coefficient of variation calculated from the mean
of standard deviation between replicates divided
by the mean, multiplied by 100 (ADAC 1975).

TABLE A.52. U.S. Testing Analysis of National Bureau of Standards
Standard Reference Soil
Normalized Devi tjon
Radionuclide NBS (pCi/g) UST +2¢ (pCi/g) From the Known'2

40y 19.5 15.9 + 1.9 -1.8
B 0.206 0.28 + 0.05 +1.6
137¢s 0.476 0.35 + 0.9 -2.6
2264 1.16 0.86 + 0.19 -1.7
239,240p,, 0.217 0.18 + 0.01 -1.1

(a) Normalized deviation calculated according to Jarvis and Siu 1981.
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TABLE A.53. U.S. Testing 90g;r Analysis of Environmental Measurements
Laboratory Vegetation Samples

Normalized Devi t}on

Sample Type EML (pCi/g) UST (pCi/aq) From the Known'@
Potato ash 0.39 1 0.03 0.34 + 0.03 -1.3
Dried vegetation 12.2 + 0.8 12.2 +£ 0,01 0

(a) Normalized deviation calculated according to Jarvis and Siu 1981.

TABLE A.54. OS5Kr Analysis of Compressed Air Sample Split With REECO

Allowable Range
UST (pCi/m3) REECO (pCi/m3)  Between Duplicates(?)

62 + 12 108 £ 4.5 66

{a) Control limits on range calculated according to
ASTH 1976.
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TABLE A.55. Comparison of TLD Results With Known Exposures

% Bias(®)
Month  Low(P)  Medium _ High
January -3.8 -3.3 -6.5
February -1.6 +0.4 +5.0
7 ‘ March -1.0 -1.6 +1.7
) April - -4.2  -5.4 4.4
May -4.8 -5.8 -5.3
s June -0.6 +0.7 -2.1
July -5.3 -4.4 -3.3
August +2.0 -7.8 -1.6
September -1.4 -4.0 -3.7
October -7.2 -3.8 -3.9
November +0.3 -2.1 -3.5
December +5.9 +4.8 +3.5 .
Average -1.8 -2.7 -2.0

(a) The percent bias was calculated by

<x1+x2>/
100 — - E/JE

where xy and x, are the two measured
exposuras and £ is the known exposure.

(b) Range of exposures from low to high
range were between 15 and 28 mR.

TABLE A.56. Radiation Response of PNL and State of Washington
DSHS Environmental Dosimeters

Irradiation Delivered Reported Dose
Source Energy Dose DSHS PNL
Beta
85Kr 0.7 MeV 28 mrad 1.3 mrad 0 mrad
90g. 2.3 20 15.2 0
106g, 3.5 20 16.6 0
U (natural) 2.3 20 9.9 0
; Photon
605 (x-ray) 36 keV 20 mR 30 mR 0.4 mR
. 150y (y_ray). 70 20 24.7 13.0
137¢ 662 20 20 20.6
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TABLE A.57. MWashington State-DSHS and PNL Shared TLD Stations (mR/day)
1985 Calendar Quarter
, First Second Third
Location DSHSVS/ PNL DSHS PNL DSHS PNL

U.S. Ecology NE Corner 0.20 + 0.06 0.18 + 0.01 0.20 + 0.02 0.19 t 0.01

NW Corner 0.21 + 0.02 0.19 + 0.01 0.21 £ 0.08 0.19 t 0.01

SW Corner 0.32 £+ 0.04 0.28 + 0.00 0.30 £ 0.04 0.26 + 0.00

SE Corner 0.33 + 0.04 0.22 + 01 0.38 + 0.06 0.31 + 0.01 0.39 £ 0.06 0.30 ¢ 0.01
WPPSS Station 1 0.25 + 0.04 0.18 + 0.00 0.18 £ 0.08 0.20 ¢ 0.01
WPPSS Station 4 0.21 + 0.02 0.16 + 0.00 0.16 + 0.08 0.18 + 0.00
WPPSS Station 8 0.26 £ 0.02 0.20 + 0.01 0.20 ¢+ 0.08 0.22 £ 0.00

(a) DSHS dosimeters were in place at these locations since 1977.

ters was started January 1985 with one station and expanded to seven in March 1985.

The co-locating of PNL dosime-
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TABLE A.58. Results of Split Samples Analyzed by State of Washington,
State of Oregon and Department of Energy - Pacific
Northwest Laboratory. Columbia River and spring samples
(units pCi/t +2¢), July 30, 1985
Location Analyzed By Alpha Beta 90Sr Uranium Tritium
River Water DOE/PNL 0.7 £ 0.6 1.0 + 1.1 0.18 t 0.06 “NA 115 + 220
Mile 27.5 Washington <2 1+1 <1 NA <300
Oregon 1.1 + 0.8 1.8 £+ 0.8 <1 NA <450
River Water DOE/PNL 0.5 £ 0.6 1.0 £+ 1.1 0.16 £ 0.09 NA 127 + 220
Mile 36.0 Washington <2 1+1 <1 NA <300
Oregon 0.5 + 0.4 0.8 + 0.6 <1 NA <450
Spring DOE/PNL 0.9 £ 0.9 8.6 + 2.3 0.14 + 0.04 NA 47,600 t 700
27-3 Washington 3+2 6 +1 <1 NA 45,600 + 1,000
Oregon 3.6 +2.1 12.8+ 1.4 <1 NA 46,000 + 3,300
Spring DOE/PNL 1.4 + 0.9 10.0 £+ 2.2 0.28 + 0.06 NA 20,900 + 400
28-2 Washington <2 ER <1 NA 22,600 t+ 600
Oregon 1.5 +1.4 11.7 ¢ 1.3 <1 NA 22,700 ¢+ 1,590
Spring DOE/PNL 13.2 + 2.5 10.5 t 2.2 0.03 t 0.02 11.5 t 0.3 209 t+ 214
4z2-2 Washington 11 £ 2 12 + 1 <1 11.4 + 0.5 364 + 289
Oregon 9.4 + 2.8 12.5 £ 1.3 <1 14.7 <450
Greenpeace DOE/PNL 4,3 +1.4 6.7 +1.9 0.15 + 0.05 NA 14,400 + 400
Sample Washington 6+ 2 61 <1 3.9 £+ 0.3 14,500 t 440
Oregon 7.5+ 2.6 10.2 £ 1.2 <1l 5.0 14,500 + 950
State of State of DOE/ EPA
Washington of Oregon PNL (Known Value)
EPA Quality
Assurance Samples Tritium 3,500 ¢ 258 NA 3,670 £ 278 3,560
Gross Alpha 36.5 £ 2.5 35.8 +1.9 55.8 & 2.7 32
Gross Beta 83.0 + 2.5 93.8 ¢+ 1.5 59.1 1.6 72
Gamma Scan
60¢o 18+3 14,0 + 1.9 15.7 £ 1.3 15
134¢s 18 + 3 11.7 + 1.7 13.5 ¢ 1.1 15
137¢¢ 14+3  11.6 + 0.7 13.2 £ 1.2 12
Uranium, Total
Bishop Method 6 +1 NA NA 7
Alpha Spec Method 5.8 + 0.8
ND - Nondetectable.
NA - Not analyzed.
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TABLE A.59. Results of Duplicate Samples Analyzed for Tritium, 1985

Record Duplicate

Sample  Sample, sample,  Difference, Relativel2) Coefficient(P)
_Well Number Date pCi/% pCi/L pCi/% Difference of Variation
699 2-3 8-15-85 120,000 110,000 10,000 8.7 6.2
199 B4-1 2-15-85 59,000 60,000 1,000 1.7 1.2
699 49-57 6-15-85 5,500 t 510 5,600 + 510 100 1.8 1.3
199 B4-3 2-15-85 4,900 + 580 4,800 t 580 100 2.1 1.5
699 S11-E12AP 9-10-85 1,800 t 450 1,700 % 450 100 5.7 4.0
699 S11-E12AP 5-23-85 910 + 470 540 t 460 370 51.0 36.1
699 45-69A 5-28-85 610 t+ 470 440 t 470 170 32.4 22.9
199 HA-3 7-13-85 250 + 470 120 + 470 130 70.3 49.7
699 S11-312A0 9-10-85 290 + 440 -290 t 430 580 (c) {c)
699 63-90 3-25-85 16 £+ 600 -170 + 570 186 241.6 170.8
699 81-580 3-22-85 -490 + 590 -250 = 590 240 64.9 45.9
699 S11-E12A0 5-23-85 -440 + 450 -380 ¢ 450 60 14.6 10.4

(a) Calculated as 100 times the absolute difference of the duplicates divided by their
mean.

(b) Calculated as 100 times the standard deviation of the duplicates divided by their
mean.

(¢) Divisor was zero.
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APPENDIX B
REFERENCE GUIDE

Appendix B provides the reader with a reference guide that includes a glossary, an explanation of
acronyms and abbreviations, and a conversion table that enables better comprehension of the data

presented in this report.
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GLOSSARY

Activation Product - A material made radioactive
by exposure to neutron radiation in a nuclear
reactor.

Airlift - A means of collecting water samples
from wells by pumping air down a tube placed
inside the well and then forcing water up the
annular space between the tube and a larger
pipe or the well casing.

Aquifer - An underground formation through
which ground water can easily percolate.

Background Radiation - The radioactivity in the
environment, including cosmic rays from space
and radiation that exists elsewhere - in the air, in
the earth and in manmade materials that sur-
round us. In the United States, most people
receive 100 to 250 millirems (mrem) of back-
ground radiation per year.

Bailer - A cylindrical steel container attached to a
wire line that is lowered down a well to just
below the water surface, filled with water, and
then brought to the surface.

Bankstorage - A hydrologic term that describes
water that is absorbed and retained in perme-
able material adjacent to a stream during peri-
ods of high water, and then returned as effluent
seepage or flow during periods of low water.

Confined Aquifer - An aquifer that is bounded
above and below by impermeable layers of rock.
Ground water in the confined aquifer is under
pressure.

Controlled Area - An area that has controlled
access to protect individuals from exposure to
radiation or radioactive materials.

Cosmic Radiation - High-energy subatomic par-
ticles from outer space, which bombard the
earth’s atmosphere. Cosmic radiation is part of
natural background radiation.
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Counting Error - The variability caused by the
inherent random nature of radioactive disinte-
gration and the detection process.

Curie (Ci) - A unit of radioactivity equal to 37
billion (3.7 x 10" nuclear transformations per
second.

Detection Level - The minimum concentration
of a substance that can be measured with a99%
confidence that the analytical concentration is
greater than zero.

Derived Concentration Guide (DCG) - Concen-
trations of radionuclides in air and water that
could not be continuously consumed or inhaled
and could not exceed an effective dose equiva-
lent of 100 mrem/yr.

Dosimeter - A device, such as a TLD, that can be
worn and used to measure the external radiation
dosage a person receives over a period of time.

Effluent - A liquid or gaseous stream that flows
orisdischarged from a source; in environmental
monitoring, a liquid or gas discharged as waste,
such as contaminated water or air from a factory.

Effluent Monitoring - Sampling or measuring
specific liquid or gaseous effluent streams for
the presence of pollutants.

Exposure - Subjecting a target (usually living tis-
sue) to radiation.

Fallout - Radioactive materials mixed into the
earth’s atmosphere following a nuclear explo-
sion. Fallout constantly falls onto the earth.

“Fence-post” Dose Rate - The dose rate mea-
sured or calculated at the point of highest expo-
sure at the boundary of the Hanford Site.

Fission - The splitting or breaking apart of a
heavy atom into two new atoms. When a heavy
atom, such as uranium, is split, large amounts of
energy and one or more neutrons are released.
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Fission Products - The atoms formed when ura-
nium is split in a nuclear reactor. Fission prod-
ucts are usually radioactive.

Fuel Cladding - The metal skin used to retain the
fuel pellets and separate the fuel and the coolant
in a nuclear reactor.

Glaciofluvial Sediments - A sedimentary deposit
consisting of material transported by, sus-
pended in, or laid down by the meltwater
streams flowing from wasting glacier ice.

Ground Water - Water that is in the pore space in
soil and geologic units.

Half-life - The length of time in which any ra-
dioactive substance will lose one-half of its ra-

- dioactivity. The half-life may vary in length from

a fraction of a second to thousands of years.

Hazardous Materials - Any liquid, solid, gas, or
sludge that exhibits characteristics such as ig-
nitability, corrosivity, reactivity, or extraction
procedure toxicity.

lon Exchange - The reversible exchange of ions
contained in a crystal for different ions in solu-
tion without destroying the crystal structure or
disturbing the electrical neutrality.

Isotope - Different forms of the same chemical
element that are distinguished by having differ-
ent numbers of neutrons in the nucleus. Asingle
element may have many isotopes. For example,
the three isotopes of hydrogen are protium,
deuterium, and tritium.

Long-lived Isotope - A radionuclide that de-
cays at such a slow rate that a quantity of it will
exist for an extended period (half-life is
greater than 3 years).

Short-lived Isotope - A radionuclide that de-
cays so rapidly that a given quantity is trans-
formed almost completely into decay
products within a short period (half-life of a
day or less).

Lacustrine Sediments - A sedimentary deposit
consisting of material pertaining to, produced
by, or formed in a lake or lakes.

Lithology - The description of the physical char-
acteristics of rocks that make up geologic units.
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This may include such characteristics as color,
mineralogic composition, and grain size.

Man-rem - See ”Collective Dose Equivalent”
under ”Radiation Dose”.

Mean - The average value of a series of measure-
ments.

Mechanical Dispersion - A form of hydrody-
namic dispersion whereby solutes are spread or
mixed as they are transported by ground water
as it moves through heterogeneous sediments.

Median - The middle value in a set of results
arranged in order from lowest to highest.

Millirem (mrem) - A unit of radiation dose that is
equal to one one-thousandth of a rem. An indi-
vidual member of the public can receive up to
500 millirems per year according to DOE stan-
dards. This limit does not include radiation re-
ceived for medical treatment or the 100 to 250
millirems (mrem) that people receive annually
from background radiation.

Minimum Detectable Concentration - The
smallest amount or concentration of a radioac-
tive or nonradioactive element that can be reli-
ably detected in a sample.

Molecular Diffusion - A form of hydrodynamic
dispersion where concentrations of dissolved
substances move from a region of higher to one
of lower concentration. Diffusion is only impor-
tant at very low ground-water velocities.

Offsite Locations - Sampling and measurement
locations outside the Hanford Site boundary.

Onsite Locations - Sampling and measurement
locations within the Hanford Site boundary.

Outfall - The end of a drain or pipe that carries
waste water or other effluents into a ditch, pond,
or river.

Plume - The distribution of a pollutant in air or
water after being released from a source.



Plutonium - A heavy, radioactive, manmade
metallic element. Its most important isotope is
fissionable 2°Pu, which is produced by the irra-
diation of 2®U. Routine analysis cannot distin-
guish between the 29py and **Pu isotopes,
hence, the term 239, 240,

Primary Cooling Loop - A closed system of pip-
ing that provides cooling water to the reactor.
Heat energy is transferred to the secondary loop
through a heat exchanger.

Radiation - Refers to the process of emitting
energy in the form of rays or particles that are
thrown off by disintegrating atoms; may consist
of alpha, beta, or gamma radiation.

Alpha Radiation - The least penetrating type

of radiation. Alpha radiation can be stopped
by a sheet of paper or outer dead layer of skin.

Beta Radiation - Emitted from a nucleus dur-
ing fission. Beta radiation can be stopped by
an inch of wood or a thin sheet of aluminum.

External Radiation - Radiation originating
from a source outside the body, such as cos-
mic radiation or natural and manmade ra-
dionuclides.

Gamma Radiation - A form of electromag-
netic, high-energy radiation emitted from a
nucleus. Gamma rays are essentially the same
as x-rays and require heavy shieldings, such
as concrete or steel, to be stopped.

Internal Radiation - Radiation originating
from a source within the body as a result of
the inhalation, ingestion, or implantation of
natural or manmade radionuclides in body
tissues.

Radiation Dose - For the purpose of this report,
radiation doses are defined as follows:

Absorbed Dose - The amount of energy de-
posited by radiation in a given amount of
material. Absorbed dose is measured in units
of "rads” (see dose equivalent ),

B.4

Collective Dose Equivalent - The sum of the
dose equivalents for individuals comprising a
defined population. The per capita dose
equivalent is the quotient of the collective
dose equivalent and the population size.

Committed Dose Equivalent - The total dose
equivalent accumulated in an organ or tissue
in the 50 years following a single intake of
radioactive materials into the body.

Cumulative Dose Equivalent - The total dose
one could receive in a period of 50 years fol-
lowing release of the radionuclides to the en-
vironment, including the dose that could
incur as a result of residual radionuclides re-
maining in the environment beyond the year
of release.

Dose Equivalent - The product of the ab-
sorbed dose, the quality factor, and any other
modifying factors. The dose equivalent is a
quantity for comparing the biological effec-
tiveness of different kinds of radiation on a
common scale. The unit of dose equivalent is
the rem. A millirem (mrem) is one one-thou-
sandth of a rem.

Effective Dose Equivalent - An estimate of the
total risk of potential health effects from radi-
ation exposure. It is the sum of the individual
organ committed dose equivalents (50 year)
multiplied by weighting factors that repre-
sent the proportion of the total random risk
that each organ would receive from uniform
irradiation of the whole body.

Radioactivity - A property possessed by some
elements, such as uranium, whereby alpha,
beta, or gamma rays are spontaneously emitted.

Radioisotope - A radioactive isotope of a speci-
fied element. Carbon-14 is a radioisotope of car-
bon. Tritium is a radioisotope of hydrogen.

Radionuclide - A radioactive nuclide. There are
several hundred known nuclides, both man-
made and naturally occurring; nuclides are char-
acterized by the number of neutrons and
protons in an atom’s nucleus.

»



1

REM - An acronym for Roentgen Equivalent
Man; a unit of radiation exposure that indicates
the potential impact on human cells.

Spent Fuel - Nuclear fuel that has been exposed
in a nuclear reactor; this fuel contains uranium,
activation products, fission products, and pluto-
nium. Spent fuel is processed in the PUREX
plant.

Standard Deviation - An indication of the disper-
sion of a set of results around their average.

Standard Error of the Mean - An indication of the
dispersion of an estimated mean from the aver-
age of other estimates of the same mean.

Thermoluminescent Dosimeters (TLD) - A mate-
rial that, after being exposed to radiation, lu-
minesces upon being heated. The amount of
light emitted is proportional to the amount of
radiation (dose) to which it is exposed.

Unconfined Aquifer - Contains ground water
that is not confined by or under pressure from
relatively impermeable rocks. The pressure in
the unconfined aquifer is equal to that of the
atmosphere. At Hanford, the unconfined
aquifer is the uppermost aquifer and is most
susceptible to contamination from Site opera-
tions.

Uncontrolled Area - An area on or near a nuclear
facility that is not restricted to public access.

Vadose Zone - (also called zone of aeration, un-
saturated zone) - A subsurface zone containing
water that is under pressure less than that of the
atmosphere, including water held by capillarity.
This zone is limited above by the land surface
and below by the water table.
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