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PREFACE

The Environmental Monitoring Program at Hanford is conducted at the Pacific Northwest Laboratory
(PNL) by Battelle Memorial Institute, Pacific Northwest Division under contract to the Department of
Energy (DOE). The data collected provide an historical record of the levels of radionuclides and
radiation attributable to natural causes, worldwide fallout, and Hanford operations. The program
continued throughout 1984 to monitor the environment offsite as well as onsite, during normal and
unusual operating conditions. During 1984 the PUREX plant completed a year of operation, the
complementary UOs plant was restarted and operated most of the year, and the Plutonium Reclama-
tion Facility was started at Z Plant to recover plutonium from waste materials.

The Environmental Monitoring Program has published results for offsite and onsite surface monitoring
activities as separate reports in past years; groundwater monitoring activities also have been reported
in a separate document. Ground-water results are again detailed separately and reported as Ground-
Water Surveillance at Hanford for CY 1984 (PNL-5408). For consistency and clarity, however, all results
from the Environmental Monitoring Program for 1984 are reported in this single documentincluding a
brief summary of ground-water surveillance results. In addition to combining offsite and onsite results,
featuresin earlier reports have been revised and new material has been added in an attempt to improve
the readability of this 1984 report. These improvements include:

® an extensive glossary defining scientific terms in common language and a useful list of commonly
used acronyms and abbreviations,

® summaries, in boldface type, preceeding each major section and highlighting monitoring activities
and results,

® clear illustrations emphasizing 1984 results and comparing them with results reported over the past
five years, and

® aseparate chapter detailing the radiological impact from 1984 operations.

An appendix contains data and data summaries for results obtained during 1984 that include statistical
estimates of errors. This information is intended for readers with a scientific interest in technical detail
or for those who wish to evaluate results in a manner not included here. This report, then, has been
written in an effort to address the needs of interested laypeople as well as individuals with a back-
ground in science. The environmental program will continue to respond to the technical needs of the
site and to communicate results to interested individuals, special interest groups, and the news media.
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SUMMARY

Environmental surveillance activities performed
by the Pacific Northwest Laboratory for the
Department of Energy’s Hanford Site for 1984 are
discussed in this report. Samples of environ-
mental media were collected in support of the
Hanford Environmental Monitoring Program to
determine radionuclide concentrations in the
Hanford environs. Radiological impacts in terms
of radiation dose equivalents as a result of Han-
ford operations are also discussed. The results
provided in this report are summarized in the
following highlights. :

Airborne Radioactivity—Gross beta radioactivity
concentrations in airborne particulates at all
sampling locations were lower in 1984 than dur-
ing 1983 as a result of declining levels of world-
widefallout. Gross alpha and radionuclide concentra-
tions in the onsite and offsite environs were
similar to previous years, with the exception of
85Kr, 129] and 3H. Slightly higher levels of &Kr and
129l were noted at several onsite and offsite loca-
tions. The sampling location in close proximity
to the PUREX plant also detected increased 3H.
All concentrations both onsite and offsite were
well below applicable concentration guides.

Water Monitoring—Very low levels of radio-
nuclides were detected in samples of Columbia
River water during 1984. Radionuclides consis-
tently observed in measurable quantities in the
river were 3H, 9Sr, 129], 137Cs, Uranium and
239,240py, Except for 137Cs and 239:240Py, concentra-
tions of these radionuclides were slightly higher
at the downstream sampling site compared to
the upstream site; however, downstream con-
centrations were considerably below applicable
concentration guides. The major source of radio-
“nuclides added to the river was assumed to be
from ground water moving beneath the site into
the river. All radionuclides detected in the
Columbia River also occur naturally or are pres-
ent in worldwide fallout.

Concentrations of radionuclides in onsite ponds
during 1984 were similar to those measured in
previous years in most cases. Elevated concen-
trations of 3H in B Pond were attributed to
increased discharges of 3H to the pond from
PUREX operations.

Nonradiological Monitoring—The emission of
nonradiological pollutants consisted of NO, and
did not exceed EPA and local limits. Nonradio-
logical water quality parameters for the Hanford
reach of the Columbia River were within -
Washington State Water Quality Standards except -
for a single instance where the pH standard was
exceeded. There was no apparent association of
this occurrence with Hanford operations, nor
any indication of reduced river water quality.

Ground Water—An extensive ground-water
monitoring program was performed for the
Hanford Site during 1984. The 3H and nitrate
plumes continued to move slowly toward the
Columbia River. All 3H results were within appli-
cable concentration guides. Detailed results of
the program will be reported in PNL-5408 to be
published later in 1985.

Foodstuffs—Low levels of radionuclides were
observed in most foodstuff samples and were
attributed to worldwide fallout. There was no
indication in any of the samples that radio-
nuclides associated with Hanford operations
were present.

Wildlife—Samples of deer, rabbits, game birds,
waterfowl and fish were collected onsite or in
the Columbia River at locations where the poten-
tial for radionuclide uptake was most likely, or at

- the nearest locations where wildlife samples

were available. Radionuclide levels in deer were
near those attributable to worldwide fallout.
Cobalt-60 and 13Cs were detected in more white-
fish samples near operating areas than at loca-
tions upstream of Hanford, but the concentra-
tions were similar at both locations. Game birds
and waterfowl showed low levels of 137Cs attribut-
able to operations. Low levels of 9%Sr and 137Cs
typical of previous years were detected in 100
and 200 area rabbit samples. Concentrations
were low enough that any radiation dose result-
ing from consumption of the edible portion of
any fish or animal containing the highest ob-
served concentration would be well below the
applicable radiation protection standard.

Soil and Vegetation—Low concentrations of
naturally occurring and fallout radionuclides
were measured in samples of soil and vegetation
collected in the Hanford environs. There were



no indications of any geographical differences in
radionuclide concentrations and thus no discern-
ible effect from Hanford operations.

External Radiation—Dose rates from external
penetrating radiation measured in the vicinity of
residential areas were similar to those observed
in the previous years, and no contribution from
Hanford activities could be identified. Measure-
ments 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. somewhat
higher than those attributable to background
sources but were well below applicable radia

tion protection standards. :

Radiological Impact—An assessment of the 1984
potential radiological impacts attributable to the
Hanford operations indicated that measured
and calculated radiation doses to the public con-
tinued to be low, and well below applicable reg-
ulatory limits. The calculated fifty-year whole
body dose potentially received by a hypothetical

vi

maximally exposed individual was about 2 mrem.
This is an increase of 1 mrem over the whole
body dose reported in 1983, and was attributed
to increased %Sr releases to the Columbia River.
The DOE Radiation Protection Standard for
whole body dose to the maximally exposed indi-
vidual is 500 mrem per year. The calculated fifty-
year whole body dose to the population living
within 80 km of the site was about 5 man-rem as
compared to 4 man-rem reported in 1983. These
doses are significantly less than doses potentially
received from other common sources of radia-
tion. They also can be compared to the approxi-
mate 100 mrem and 34,000 man-rem received
annually by an average individual and the sur-
rounding population, respectively, as a result of
naturally occurring and worldwide fallout radia-
tions in the Hanford environs.
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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 storage of waste products. The Department of
Energy (DOE) conducts effluent control, effluent monitoring, and environmental monitoring at the
Hanford Site through contractor organizations to ensure compliance with applicable rules and regula-
tions. The Environmental Monitoring Program has been conducted since 1965 by the Pacific Northwest
Laboratory (PNL) which is operated for the DOE by the Battelle Memorial Institute. This report briefly
describes the Hanford Site and ongoing operations, the nature of the Environmental Monitoring
Program, and the results and interpretation of environmental monitoring data for 1984. The impact of
Hanford Operations was assessed by calculating the potential dose received by people living in the

vicinity of the Hanford Site.

An environmental monitoring program has been
conducted at the Hanford Site for the past 42
years. The results have been recorded since 1948
in quarterly reports. Since 1958, the results have
been publicly available as annual reports. Results
in recent years have been published as two
separate reports under the titles; Environmental
Surveillance at Hanford for CY— (the offsite
report), and Environmental Status of the Han-
ford Site for CY— (the onsite report). Reports in
the offsite series for the past ten years are noted
in the Bibliography. This combined report sum-
marizes the data collected for calendar year 1984
and includes information on all samples and
measurements made in the offsite and onsite
environment.

The Environmental Monitoring Program pro-
vides for the measurement, interpretation, and
evaluation of samples and other measurements
to assess environmental impact, determine
compliance with pertinent regulations, and
evaluate the adequacy of onsite waste manage-
ment practices. The program also includes an
evaluation of major pathways of potential envi-
ronmental impact, with emphasis on the most
significant pathways.

This report emphasizes the radiological status of
the Hanford environment-and vicinity. In gen-
eral, the data were compared both to back-

ground or control measurements taken at distant

locations during 1984 and to data obtained dur-
ing the past five years. The last section discusses
an assessment of radiological impacts at the

Hanford Site and on the surrounding environ-
ment. Potential doses are calculated for a hypo-
thetical maximally exposed individual and for
local population. The maximum dose rate at a
publicly accessible area is also discussed.

Radionuclide data are expressed in terms of cur-
ies, picocuries, or attocuries. The curie is the
fundamental unit used to express radioactivity
and defines the amount of a radioactive sub-
stance present based on its rate of radioactive
disintegration. A microcurie (uCi) is one mil-
lionth (10-6) of a curie. A picocurie (pCi) is one
millionth-millionth (10-12) of a curie. An atto-
curie (aCi) is one millionth-millionth-millionth
(108) of a curie. Environmental monitoring
results are often very small numbers that are best
expressed as picocuries or attocuries. As an addi-
tional aid in expressing small and variable envi-
ronmental results, data are graphed using either
linear or log (compressed) scales. Log scales are
clearly identified on the graph whenever they
are used to reduce the size of the figure.

Detailed results for 1984 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
used in the calculation for 1984 are given in
Appendix F. Effluent data are also presented in
Appendix F.



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 1500 km?. The site, shown in Figure 1, lies about 320 km east 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.

SITE CHARACTERISTICS

The desert plain on which Hanford is located has
a sparse covering of vegetation and is primarily
suited for grazing. The most broadly distributed
type of vegetation on the site is the sagebrush/
cheatgrass/bluegrass community. The mule deer
is the most abundant big game mammal on the
site, and the most abundant small game animalis
the cottontail rabbit. The raccoon is the most
abundant furbearing animal. The osprey, golden
eagle, and bald eagle are all occasional visitors to
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Hanford
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the relatively large areas of uninhabited land
comprising the Hanford Site.

The bedrock beneath the site consists of thick
basalt layers which have been warped and folded
to produce features of the landscape known as
the Rattlesnake Hills, Gable Mountain, and
Yakima Ridge. The basalt beneath the site is
thicker than 3600 m in many places. Resting on
the basalt bedrock is a layer of sands, silts, and
gravels up to 300 m thick. Water flows over the
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surface of the basalt rock and through the cover-
ing of sand, silt, and gravel and makes up the
unconfined aquifer. The surface of the uncon-
fined aquifer is the water table. The unconfined
aquifer and its water table have been affected by
the disposal of waste water at Hanford for a
number of years. The depth to the water table
ranges from less than 0.3 m near the Columbia
River to over 106 m near the center of the site.
Water from the unconfined aquifer slowly flows
eastward into the Columbia River through springs
and seeps. The confined aquifers consist of
ground water under pressure and are found
deep within the ancient layers of basalt. The
confined aquifers have not been affected by
Hanford operations.

The Hanford reach of the Columbia River
extends from Priest Rapids Dam to the head of
Lake Wallula behind McNary Dam downstream
of the site. It is the last free-flowing reach of the
Columbia River in the United States. Water qual-
ity for the Hanford Reach is designated as Class A
by the State of Washington and is suitable for all
uses including raw drinking water, recreation
and wildlife. Monthly average river water
temperatures 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 four
artificial ponds created for routine disposal of
cooling water as well as industrial, laboratory
and sanitary wastes.

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

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

The principal use of land near the Hanford Site is
agriculture. Agricultural lands occur north and
east of the Columbia River and south of the
Yakima River and consist of orchards, alfalfa,
wheat, vegetables and vineyards. Use of the
Hanford Site north of the Columbia River is
divided between a state wildlife recreation 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 eco-
logical research by DOE and university
researchers.

The 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 com-
bined population of approximately 90,000.
Approximately 340,000 people live within an 80-
km radius of the Hanford Site in the Yakima area,
the Tri-Cities, several small communities, and
the surrounding agricultural area. Considerably
more detail on site characteristics and activities is
available in the Final Environmental Statement,
Waste Management Operations, Hanford Res-
ervation (USERDA 1975).

MAJOR ACTIVITIES

Established in 1943, the Hanford project was
originally designed, built, and operated to pro-
duce plutonium for nuclear weapons. At one
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. N Reactor,
the remaining production reactor in operation,
has a closed primary cooling loop.

Four major operating areas exist at the Hanford
Site. The “100 Areas” include facilities for the
N-Production Reactor and the eight deactivated
production reactors along the Columbia River.

The reactor fuel reprocessing plant (PUREX),
plutonium processing and reclamation 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 manu-
facturing facilities and research and develop-
ment 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 generating sta-
tion adjacent to N Reactor, the Washington
Public Power Supply System power reactor and
office buildings, and a radioactive waste burial
site operated by U.S. Ecology. The Exxon fuel
fabrication facility is located immediately adja-
cent to the southern boundary of the Hanford
Site.

Principal DOE operating contractors at Hanford
during 1984 were:

Rockwell Hanford Operations (RHO)—respon-
sible 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 PNL for DOE. This includes research
and development in the physical, life and envi-
ronmental sciences, chemistry, and advanced
methods of nuclear waste management. Envi-
ronmental monitoring also is a part of PNL
activities.

UNC Nuclear Industries (UNC)—responsible for
fabricating N Reactor fuel, operating N Reactor,
and decommissioning formerly utilized DOE
facilities including shutdown production
reactors.

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.

Highlights of operational activities at Hanford
during 1984 were:

e N Reactor again operated for 201 days during
which time it supplied steam used by the
Washington Public Power System to generate
860 MW of electrical power. Since its startup,
N Reactor has supplied steam for the produc-
tion of over 50 billion kilowatt-hours of elec-
tric power, which has been supplied to the
Bonneville Power Administration grid cover-
ing the Pacific Northwest.

® The PUREX fuel reprocessing facility in 200-E
Area completed one year of operation. The
depleted uranium processing facility (UO3
Plant) operated as needed from }anuary
through the end of 1984. The Plutonium
Reclamation Facility at Z Plant began opera-
tions in January.

e The FFTF completed two 100-day full power
operating campaigns and achieved a 66%
annual capacity factor.

e Two retired 100 area facilities were decomis-
sioned during 1984: the 117H Filtration Build-
ing and the 115F Gas Recirculation Building.
Various other retired facilities underwent the
initial stages of decomissioning.

Work at Hanford during 1984 also included
Hanford National Environmental Research Park
studies, Arid Land Ecology studies, and Basalt
Waste Isolation Program activities, as well as con-

" tinued operation of a variety of national research

and laboratory facilities. The Washington Public
Power Supply System Nuclear Project No. 2
began commercial operation to produce elec-
tricity in December.



ENVIRONMENTAL MONITORING PROGRAM

All DOE sites are required to conduct environmental monitoring programs and report results on an
annual basis. The policy of the DOE is to ensure that radiation doses to members of the public are
maintained as low as reasonably achievable consistent with technology and cost and below applicable
dose standards. The basic purpose of the Environmental Monitoring Program is to estimate and assess
radiation doses to individuals and groups of individuals (a population) that may have been 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 the calculated potential doses received from
Hanford sources to those received from background and fallout radiations and to established stan-
dards. Another purpose of the program is to detect and clarify any increasing trends in environmental
radiation dose rates and radioactive material concentrations found in various kinds of environmental
samples as aresult of Hanford operations. Finally, the purpose of the program is to inform the public as
well as federal, state and local regulatory agencies that the operations at Hanford are environmentally

sound and meet applicable environmental regulations.

PROGRAM SCOPE

The scope or extent of the Environmental Moni-
toring Program encompasses all pollutants with
emphasis on radioactive materials. To some
degree, the scope of the program varies with the
anticipated routine release, or potential release,
of pollutants and the severity of their possible
impact. The scope of the program also includes a
feedback system to evaluate the adequacy and
effectiveness of containment and effluent con-
trol systems. The appropriate facility manager is
notified if off-standard conditions or adverse
trends are detected in the environment near
operating areas.

PROGRAM OBJECTIVES

There are four principal objectives of the Envi-
ronmental Monitoring Program. The first is to
assess dose impacts and other impacts from site
operations on the public and the local environ-
ment. The second is to verify operational control
-measures for the containment of radioactive
materials within controlled areas. The third is to
monitor the environment to determine buildup
of long-lived radionuclides. The fourth is to pro-
vide information to the public that the program
is capable of adequately assessing impacts and
identifying noteworthy changes in the radio-
logical and nonradiological status of the
environment.

PROGRAM CRITERIA

Criteria or the bases for the Environmental Mon-
itoring Program are derived from the general

requirements set forth in applicable federal,
state, and local regulations and recommenda-
tions given in the monitoring guide published
for use at DOE sites (Corley et al. 1981). Specific
criteria have been developed by identifying
exposure pathways and critical radionuclides.
These identifications have taken advantage of
the long operating experience at Hanford.

The initial step in designing an effective envi-
ronmental monitoring program is the identifica-
tion of significant pathways by which radioactive
materials may be transported. The only routes
available for transporting significant quantities
of radioactive material from Hanford operations
are the atmosphere, Columbia River, and ground
water. Figure 2 illustrates these potential routes
and the subsequent network of possible expo-
sure pathways to man. The significance of each
pathway is determined from data recording the
amount of radioactive material potentially avail-
able to be transported along the pathway and its
resultant radiation dose. Recent estimates of
whole body radiation dose to a hypothetical
maximum exposed individual from Hanford
operations has been about 1 mrem peryear. The
monitoring program has been designed to detect
the equivalent of at least 0.1 mrem in any path-
way. To ensure that radiological analyses of sam-
ples are sufficiently sensitive to detect 0.1 mrem,
minimum detectable concentrations of various
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.
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ENVIRONMENTAL PROTECTION STANDARDS
AND PERMITS

Operations at the Hanford Site are controlled to
conform to a variety of federal and state stand-
ards and permits. Nonradiological releases and
impacts are subject to the same State and Federal
laws and regulations as any civilian facility. Radi-
ological releases and impacts were regulated
during 1984 by DOE orders pursuant to the
Atomic Energy Act.

Environmental radiation protection standards
are published in DOE ORDER 5480.1A Environ-
mental Protection, Safety, and Health Protection
Program of DOE Operations (USDOE 1981a).
These standards are based on guidelines origi-
nally recommended by the Federal Radiation
Council (FRC) and other scientific groups such
as the International Commission on Radiological
Protection (ICRP) and the National Commission
on Radiation Protection and Measurements
(NCRP). The standards govern exposures to
ionizing radiation from DOE operations. DOE
ORDER 5480.1A also lists radionuclide concen-
tration guides for air and water. A concentration
guide is the concentration of a given radio-
nuclide in air or water that could be inhaled or
consumed continuously without exceeding the
radiation protection standard. Specific standards
are listed and referenced in Appendix C.

The State of Washington has promulgated water
quality standards for the Columbia River
(Washington State Department of Ecology 1982).
Of importance to Hanford operations is the
designation of the Hanford reach of the Colum-
bia River as Class A Excellent. This designation
requires that the water be usable for substan-
tially all needs including raw drinking water,
_recreation, and wildlife. Class A water standards
are summarized in Appendix C. Benton-Franklin-
Walla Walla Counties Air Pollution Control
Authority Ambient Air Quality Standards for nit-
rogen dioxide in air also are given in Appendix
C. In addition, various special permits are
required to conduct Hanford activities. These
include discharge permits and sample collection
permits as defined in Appendix C. The Clean Air
Act of 1977 (42 U.S.C. 1857 et seq. 1977) requires
issuance of Prevention of Significant Deteriora-
tion (PSD) permits for facilities emitting pollut-
ants which may affect air quality. A PSD permit
was issued to Hanford by EPA in 1980 and limits

the amount of NO, released annually from
PUREX and the UOs plants. The Clean Water Act
requires the issuance of permits for liquid dis-
charges to the Columbia River under the National
Pollutant Discharge Elimination System (NPDES).
Eight Hanford discharge points have been issued
NPDES permits by EPA. These permits control
the release of nonradiological liquid discharges
to the river and require sampling, monitoring
and reporting for each discharge.

PROGRAM DESCRIPTION

The Environmental Monitoring Program pro-
vides for the measurement and interpretation of
the impact of Hanford operations on the public
as well as both the onsite and offsite environ-
ment. Radiological impacts are expressed in
terms of radiation exposures. The concentra-
tions of radioactive materials are compared to
applicable standards, concentration guides, and
natural levels of radiation and radioactive mate-
rials (including worldwide fallout). The program
is designed to examine all significant exposure
pathways including direct radiation exposure
from operating facilities. Numerous samples
were collected and analyzed according to a pub-
lished schedule (Blumer et al. 1983). Table 1

TABLE 1. Geographical Distribution of
Environmental Sample and
Measurement Locations

Sample Locations

%/7’ % %“ o’é% @%

Sample %6 /é‘ 2,,

Types oA @
Air 48| 23|15 |5 | 5
Ground Water 3391339 |— | — | —
Columbia River 3| — 2|1 | —
Ponds 4 41— | — | —
Foodstuffs 71 — 5|— | 2
Wilidlife 121 12— |— | —
Soil & Vegetation 31| 16|13 | 1 1
Dose Rate 54| 26117 | 6 5
Waste Site Surveys | 83| 83| — | — | —
Roadway Surveys 16] 16| — |— | —




summarizes the geographic distribution of
environmental sample and measurement loca-
tions. Schedules, records, and data were main-
tained in a computer system.

Unscheduled work also was conducted as part of
the monitoring program. Results were used to
answer public concerns, make program improve-
ments, and add information about potential
environmental impacts. For example, specific
concerns or complaints expressed by local resi-
dentswere investigated and answered. The envi-
ronmental dosimeter network recently was
expanded to include duplicate coverage with
dosimeters placed by the State of Washington,
the Nuclear Regulatory Commission, the
Washington Public Power Supply System, and
U.S. Ecology. Technical work in the form of
special studies was performed and reported
separately, e.g., the report on seepage of ground
water into the Columbia River (McCormack and
Carlile, 1984). Results from another special study
on the ratio of various plutonium isotopes in soil
samples collected for the past three years will be
reported later.

Most analyses for radioactivity were conducted
by United States Testing Company, Inc. (UST),
Richland, Washington under subcontract.
Unique analyses UST was unable to perform (129
and 239240py in Columbia River water) were con-
ducted by PNL analytical laboratories. Water
quality measurements, temperature, and flow
rates for the Columbia River were made by the
U.S. Geological Survey (USGS) under subcon-
tract. Quality assurance and quality control were
an integral part of the program. Details on sam-
pling, analysis, measurement, dose assessments,
and quality assurance are discussed in the sec-
tions describing results.

RELATED PROGRAMS

There are a number of other programs related to
the site-wide Environmental Monitoring Pro-
gram reported here.

Operating Areas Surveillance

Each of the major operating contractors, i.e.,
UNC, RHO, WHC, and PNL measure and record
the amounts of liquids, gases, and solids released
to the environment. Effluent releases, as reported
by the operating contractors, are summarized
later in this report. Environmental measurements

also are made near facilities by the operating
contractors to audit the control of environ-
mental releases and the general conditions of
the local environment affected by their opera-
tions. Annual environmental reports are pub-
lished by UNC and RHO.

Drinking Water Surveillance

Drinking water was supplied to the Hanford Site
during 1984 by seventeen separate systems.
Twelve of the systems utilized Columbia River
water as a raw water source, four systems utilized
ground water, and one system (Richland muni-
cipal) used a combination of the two. Each sys-
tem consisted of a raw water supply, treatment
equipment, and distribution piping. The systems
ranged insize from several large facilities serving
extensive areas to nine small units supplying
individual complexes or single facilities. All were
operated by DOE contractors with the exception
of the City of Richland municipal system which
was operated by the city. The municipal system
provided water to DOE facilities at the 700, 1100,
and 3000 Areas. Monitoring of the drinking
water on the Hanford Site is a joint effort
between HEHF and PNL, with HEHF specializing
in the areas of chemical and microbiological
quality and PNL focusing on radiological quality.
The primary purpose of the Drinking Water Pro-
gram is the protection of the health of Hanford
workers consuming water derived from sources
on the Hanford Site. This aim is met through the
evaluation of compliance with applicable drink-
ing water standards. Details and results were
published in the annual report, Hanford Sanitary
Water Quality Surveillance, CY 1984, (Maas 1985).

Nonradiological Air Monitoring

Nonradiological pollutants in atmospheric re-
leases from chemical processing plants and
fossil-fueled steam plants at Hanford consisted
primarily of the oxides of nitrogen (NO,) and
particles of fly ash. A nine-station ambient air
nitrogen dioxide (NO3) sampling network was
operated by HEHF in 1984. Results are summar-
ized later in the “Nonradiological Monitoring
Results” Section.

Wildlife Census

A census has been taken annually of several
kinds of wildlife for a number of years to obtain



information on population trends associated
with the changing status of the Hanford Site. The
census is made of species that are rare, threat-
ened, or endangered as listed by the U.S. Fish
and Wildlife Service and those that are of recrea-
tional or commercial importance.

The spawning populations of chinook salmon, in
the Hanford reach of the Columbia River have
been determined by counting the number of
redds (nests). These counts have been made
yearly since 1947. The largest numbers of redds
have been recorded in the years since 1981 with
more than 7000 recorded in 1984. The increase
was attributed to the elimination of other spawn-
ing habitats in the Columbia River and to
increased fisheries management efforts.

The increased numbers of spawning salmon
have attracted wintering bald eagles to feed on
the carcasses of salmon that die after spawning.
The greatest number of bald eagles was counted
in the 1984-1985 winter when 41 birds were
noted along the Hanford reach.

The long-billed curlew is anon-game bird that s
native to the Columbia Basin region of eastern
Washington. The nesting habitat of the curlew
has decresed with an increase in land use for
irrigated agriculture. The undeveloped land of
the Hanford Site continued to provide suitable
nesting habitat for this threatened species. Nest-
ing populations on the site appeared to be
stable.

One of the longest and most detailed studies of
Hanford wildlife is the nesting census of the
western Canada goose on 20 islands in the
Hanford reach. This census has been conducted
since 1950 and results have shown a decline in
the number of goose nests since the late 1950’s.
The decline was attributed to the presence of
coyotes on Locke Island, an island that once
supported 100 nests but presently supports none.
During the past five years, however, the number
of goose nests has remained relatively stable on
the other islands.



AIR MONITORING

Airborne transport of radioactive materials from the Hanford Site to the surrounding region repres-
ented the most direct potential exposure pathway to the public. Radioactivity was measured by a
network of 48 continuously operating air samplers located onsite, adjacent to or distant from the
Hanford Site. Data from these samplers included the measurement of radioactive particulates, radioio-
dines, tritium, C and a noble gas.

With the exception of #Kr, 191, and 23%240Pu, sample results from the offsite environs did not indicate
the presence of detectable levels of radionuclides that could have been attributed to Hanford. Data
collected from perimeter and distant sampling locations reflected an expected increase in 5Kr and 121
levels in ambient air. Radionuclide concentrations from air samplers located onsite were comparable
to data collected in previous years, except at a few locations in close proximity to PUREX where
increased levels of 3H, 8Kr, 121, and 22%249Py were noted.

SAMPLE COLLECTION AND ANALYSIS In addition, various filters also were analyzed in a
similar manner for gross alpha radioactivity. The
air filters were then combined monthly by geo-
graphical location and analyzed as a composite
for gamma-emitting radionuclides, primarily
137Cs, On a quarterly basis, the monthly com-
posites for each geographical group were com-
bined and analyzed for strontium and plutonium.
Sampling locations are shown in Figure 3. Sam-
ple composite groups are listed in Table A.1,

Radioactivity in air was measured by a network
of continuously operating air samplers at 23 loca-
tions on the Hanford Site, 15 near the site
perimeter, five in nearby communities and five
locations somewhat distant from the site (Figure
3). Air samplers on the Hanford Site were located
primarily around the major operating areas in
order to characterize the maximum potential
impact from site operations. The site perimeter

samplers provided for general coverage in all Appendix A
directions but with emphasis in the prevailing Radioiodines were collected using 6.3-cm dia-
downwind directions to the south and east of the meter by 2.5-cm deep cartridges containing acti-
site. The network also included samplers located vated charcoal.(b) These cartridges were placed
_in the communities of Benton City, Richland, downstream of the particulate filter at each of
Pasco, Connell and Othello, thereby providing the air sampling stations. Charcoal cartridges
coverage for population centers adjacent to the from several of the sampling locations were
Hanford Site. Samplers were located in the dis- exchanged on a biweekly frequency and ana-
tant communities of Sunnyside, Moses Lake, lyzed for 131l. The remaining cartridges were
Washtucna, Walla Walla, and at McNary Dam to exchanged monthly to maintain fresh adsorp-
provide data for comparison. tion media, but were analyzed only if 131 was

. - - identified in one of the routinely analyzed sam-
The routine schedule for the collection of air ples or if there was any other indication of an

s.amples is described in a master SCh‘?dka pub- effluent release that could result in a detectable
lished yearly (Blumer et al. 1983). Particulate and concentration.

radioiodine samples were collected at all sam- _

pling locations. In addition, several of the air The tritium collection unit consisted of three
sampling locations contained tritium, “C, and cartridges containing silica gel through which a
85Kr collection units. stream of air was passed at a flow rate of 0.01

. . . . m3/h. The silica gel removed tritium in the form
Particulate airborne radionuclides were sampled

by drawing air at a flow rate of 2.6 m3/h through a

5-cm diameter high-efficiency fiberglass filter.(a)

The filters were collected biweekly and analyzed @~ ———

for gross beta radioactivity after a seven-day (@ m:;st:;e‘i::gz:"des exceed 99% for DOP (dioctylph-
h0|d|ng pe':IOd dunng which short-lived natu- (b) The cocgnut shell activated carbon is impregnated with
rally occurring radon and thoron daughters col- triethylene diAmine (TEDA). Retention efficiencies are
lected by the filter decayed. 99% for both elemental and methyl-iodide.
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FIGURE 3. Air Sampling Locations (See Table A.1, Appendix A, for location number key)

of water vapor (HTO). Moisture collected by the
silica gel was removed by heating and then by
condensing the trapped water. Thessilica gel car-
tridges were exchanged every two weeks.

The C (CO:) collection units consisted of a sin-
gle cartridge containing sufficient soda lime to
collect about 5 g of carbon over an eight-week
sampling period. The sample flow rate was 0.03
m3/h.

Samples of ambient #Kr were collected using a
small laboratory pump that transferred a sample
at a low flow rate into a collection bag. Samples

T

of about 0.3 m3 were collected over four-week
sampling periods.

RESULTS

Results of gross beta and gross alpha radio-
activity in airborne particulate samples collected
in 1984 are given in Table A.2, Appendix A. Gross
beta concentrations, as well as gross alpha con-
centrations, were similar at all sampling loca-
tions, averaging 0.02 pCi/m3 and 0.001 pCi/m3,
respectively. No contribution to the general
level of airborne particulate radioactivity could
be attributed to 1984 Hanford operations based



on a comparison of samples collected onsite,
near the site perimeter and at distant locations.
Therefore, airborne alpha and beta radioactivity
levels observed in 1984 were attributed to
worldwide fallout and natural sources.

A comparison of long-lived gross beta radio-
activity in airborne particulate samples collected
during 1984 with samples collected in previous
years (Figure 4) shows that airborne radioactivity
levels have decreased markedly. The elevated
airborne radioactivity levels, which began in late
1980 and continued until late 1981, were attri-
buted to an atmospheric nuclear test conducted
by the People’s Republic of China in October
1980.

Table A.3, Appendix A summarizes the results of
air samples analyzed for specific radionuclides
of potential Hanford origin. With the exception
of 85Kr, 1291 and 239.240Py, radionuclide concentra-
tions at offsite locations were similar to each
other regardless of the sample locations, indicat-
ing the source to be worldwide fallout. A similar
situation occurred onsite with the exception of a
few sampling locations in close proximity to
PUREX that showed higher levels of radio-
nuclides, particularly 8Kr, 1291, 3H and 239240Py,
Onsite results from each of the sampling stations
located near the major operating areas are pro-
vided in Tables A.4 through A.10, Appendix A.

1.0

Coinciding with the resumption of operations at
PUREX, ambient air concentrations of 8Kr began
gradually to increase at all sampling locations as
shownin Figure 5. The map in Figure 6 shows the
average 8Kr concentrations in 1984 at each of
the sampling locations in relation to their
respective distances from PUREX. As would be
expected, concentrations onsite were higher
than those recorded at offsite locations. Although
there were measurable quantities of 5Kr detected
throughout the sampling network, all concen-
trations were well below the DOE Concentra-
tion Guide of 300,000 pCi/m3.

Quarterly air sampling for 1% began in July 1984
at the locations identified in Figure 7. Histori-
cally, 2| concentrations in ambient air have
been associated with fuel reprocessing activities.
As shown in the histograms in Figure 7, the re-
start of PUREX operations resulted in the detec-
tion of I at all locations where samples were
collected. Concentrations are reported in atto-
curies per cubic meter of air. Concurrent with
85Kr data, concentrations onsite were higher
than those observed at offsite locations. All 129
concentrations, however, were very low and
much below the DOE Concentration Guide of
20 pCi/m3 (20,000,000 aCi/m3).

Tritium was detected more frequently and at
higher levels at the sampling locations adjacent

o©
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FIGURE 4. Monthly Average Gross Beta Radioactivity in Airborne Particulate Samples, 1974 to 1984

12



10,000 g
- —e—— 200 ESE .
— ——8—-— 300 Pond \ .
. e [ yrrees Sunnyside ./
c—de— Rj b [
nE 1 000 k— A Ringold ._..\ / o
= L)
s F :
Q p—
g’? % ~ "\\ ,)\ ’.
K AN -
X3 100 4 \ M /e e N ,< /
=] - ® ® [ ]
‘,9-_. S — /. \/ ‘\ /A\ \.,:/ . /
= - / 'y °... . s / /Lo
£ - / s e N ‘\A Ao=—al y /
g - LA e ® g ... . %
g - . "'-..‘
8 10 E.'
[ PUREX Restart
1 | Jl | S N I N | | 1 ] ] 1 1 ] ] 1
S (6] N D J F M A M J J A S 0] N D
< 1983 > <4 1984 >

FIGURE 5. Kryton-85 Concentrations in Air at Selected Locations in the Hanford Environs for 1983
and 1984

Hanford Site

\ Boundary
--871
|
3
(
65
)
130
%
27 , Yy
o Miles Richars
Sunnyside 0 24 68 ic an
N “ %>, Pasco
0O 4 8 12
Kilometer [I é
2
Kennewick
Llllllllllllliiljllll m:— R ) ) »
0 5 10 15 20 >12 8-12 4.7 <4 o A Samphng Locations with
Percent Occurrence Windspeed (mph} Concentrations in pCi m

FIGURE 6. Annual Average Kr Concentrations in Air and the 200 Area Windrose Showing the
Directions from which the Wind Blew During 1984

13



e

-
—-

[P SR —

Hanford Site
Boundary
LL\
—_——dTTT
l Miles
N 2 4 6 8
12
Knlometers
o'l aCizm3)
Sunnyside

FIGURE?7.

to the PUREX Plant in 1984 than at other loca-
tions. Results for other sampling locations were
similar to levels reported in previous years. Tri-
tium, measured in picocuries per liter of atmos-
pheric water vapor (HTO), has been historically
sampled at the four locations identified in the
histograms in Figure 8. The effect of PUREX activ-
ities in 1984 on nearby sampling locations was
apparent by the increase in the average 3H con-
centration at the 200 ESE location from 1983 to
1984 (Figure 8). Beginning in mid-1983 all *H data
were also calculated in terms of pCi/m3. Monthly
data collected since mid-1983 at 200 ESE are plot-
ted in terms of pCi/% and pCi/m3in Figure 9. The
correlation between the data is easily noted in
this figure. The DOE Concentration Guide is
200,000 pCi/m3.

The 1984 average 23%240Pu concentrations in
ambient air represented by each of the sample

100 Fire Station
(15 aCi m3)

I IL/PUREX
o.

200 ESE
(970 aCi m3)
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@ (30 aCi 'm?)
Byers
Landing

lodine-129 Concentrations in Air in the Hanford Environs for 1984

composite groups are illustrated in the map

showing lines of equal concentrations (Figure 10).
Slightly higher concentrations occurred in a
downwind direction from the PUREX Plant and
continued to just beyond the site boundary. All
other offsite locations were similar to one another
and represent background levels due to world-
wide fallout. Concentrations are very low and
are reported in attocuries per cubic meter of air.
Although there were measurable quantities of
2929py in the Hanford environs, all concentra-
tions were well below the applicable DOE Con-
centration Guide of 0.06 pCi/m3 (60,000 aCi/m3).

The histogram in Figure 11 shows an abrupt
decrease from previous years in quarterly 239240Py
concentrations in air measured at all stations for
the last calendar quarter of 1983 and all of 1984.
The reason for this apparent reduction in con-
centration is that several changes were made in
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the analytical procedure which improved the

50 sensitivity of 2*2°Pu measurements and lowered
Minimum the minimum detectable concentration. When
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40} Detectable quarterly average concentrations were calcu-

Concentration lated, results less than the minimum detectable
concentrations were included as real values.
Thus, when the minimum detectable level was
high, data averages were biased high. A reduc-
tion in the minimum detectable concentration
resulted in lower “less-than”’ values and a truer
estimate of the actual air concentration. Nation-
wide ambient levels of 2%2©Py in air from fallout
238,240 , areintherange of 0.5 to 4aCi/m3, as reported by
FIGURE 11. .Que.lrterly *Pu Concentrations the EPA (EPA, 1983a). Therefore, unlike previous

in air at all Locations, 1981 to 1984 years, the data reported for 1984 are of sufficient
sensitivity to confirm these background levels in
the environment around Hanford.
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SURFACE-WATER MONITORING

The Columbia River constituted the primary environmental exposure pathway for radioactivity in
liquid effluents. Radionuclides in the river have decreased significantly since the shutdown of the old
single-pass production reactors and the installation of liquid effluent control systems at N Reactor.
However, Columbia River water continued to be an environmental media in which radionuclides
associated with Hanford operations were identified on a routine basis.

In addition to the river, four onsite ponds were sampled for radioactivity. These ponds were accessible
to migrating waterfowl as well as other animals. A potential biological pathway existed for the removal

and dispersal of contaminants that may have been present in the pond water and sediments.

COLUMBIA RIVER

Because the Columbia River is used as a source
of drinking water and for crop irrigation, as well
as for recreational activities, it continues to be
closely monitored for radionuclides of potential
Hanford origin. Samples from upstream and
downstream of thessite are analyzed for selected
radionuclides at frequencies commensurate with
their half-life and importance as verifiers of
waste containment or indicators of potential
environmental impacts. Radionuclides of prim-
ary significancein theriver are 3H, $Co, 89Sr, %Sr,
131], 1291, 137Cs, 239.240Py, and uranium.

Sample Collection and Analysis

Samples of Columbia River water were collected
throughout 1984 at the upstream and down-
stream locations shown in Figure 12. Two types
of samplers were used: a conventional
cumulative-type sampler that intermittently col-
lected a measured volume of river water in a
large container, and a specially designed large-
volume sampler that continuously collected
waterborne radionuclides from the river on a
series of filters and ion-exchange resins.

The cumulative samplers consisted of a clock-
activated solenoid valve that periodically diverted
a continuously flowing stream of Columbia River
water into a container. Approximately 30 m{ of
water were diverted into the container every 30
minutes so that by the end of each monthly
sampling period about 40 { were accumulated.
The cumulative sampler was used to collect river
water samples for tritium, 8Sr, %Sr, and uranium
analyses.

17

The large-volume sampler used river water continu-
ously pumped at a rate of 50 mf/min. Particles
greater than 0.45 um in diameter were removed
from the sample stream by a series of filters, and
dissolved radionuclides were accumulated on a
mixed-bed, ion-exchange resin column. The fil-
tration media were exchanged at two-week
intervals during which time approximately 1,000 £
of river water were pumped through the sampler.
Samples were analyzed for gamma-emitting radio-
nuclides, 121, and plutonium.

Results

Results of the analysis of Columbia River water
samples are summarized in tabular form in
Appendix A (Tables A.11and A.12). Selected sig-
nificant results are graphed and discussed below.
Radionuclides consistently observed in meas-
urable quantities in river water were 3H, 90Sr, 1291,
137Cs, U, and 239.240Py, While 3H and U occur natu-
rally, all are also present in worldwide fallout
and effluents from nuclear operations at
Hanford.

The Hanford contribution of low levels of radio-
nuclides to the river was partially attributed to
the flow of ground water from the unconfined
aquifer underlying the site and into which pro-
cess cooling water and low-level liquid wastes
have been discharged. Results of routine ground-
water monitoring have indicated that water dis-
charged to the aquifer in various operating
areas, along with the soluble contaminants, has
flowed toward the Columbia River. Seepage of
ground water from the unconfined aquifer into
the Columbia River has been observed as natural
spring flows along the shoreline both at and
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below the waterline (McCormack and Carlile
1984). Because most springs are visible only dur-
ing periods of unusually low river flow, routine
access is not possible. Monitoring the uncon-
fined aquifer is the most effective method for
monitoring the discharge of radionuclides
through spring flows to the Columbia River.

Concentrations of tritium measured upstream
and downstream of Hanford (Figure 13) during
1984 were 130 pCi/f and 170 pCi/4, respectively.
Sources of tritium were effluent releases from
100 N (140 Ci during 1984) and ground water
containing tritium that has migrated to the river
(see “Ground-Water Monitoring” chapter).

18

Contributions from these sources observed in
downstream concentrations of tritium were dif-
ficult to distinguish from one another due to the
relatively high background concentrations in
the Columbia River. Concentrations measured
during 1984 were not appreciably different from
those measured in previous years. All observed
concentrations were well below the DOE Con-
centration Guide of 3,000,000 pCi/L.

An apparent difference in %Sr concentrations
between upstream and downstream sampling
locations was reported in 1981 (Sula et al. 1982).
The sampling frequency for %Sr was increased
from quarterly to monthly in 1982 as a result of
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the 1981 measurements, and monthly sampling
has continued to the present. Strontium-90 con-
centrations during 1984 for the monthly cumula-
tive samples averaged 0.14 pCi/f and 0.17 pCi/{
at the upstream and downstream locations,
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respectively. The DOE Concentration Guide for
99y js 300 pCi/fL. Observation of %Sr concentra-
tions for the past five years (see Figure 13) indi-
cates that, other than 1981, differences between
upstream and downstream locations have been
very slight.

Average concentrations of 85r in upstream and
downstream water samples were essentially the
same in 1984 (0.13 pCi/f and 0.15 pCi/t, respec-
tively), well below the DOE Concentration Guide
of 3,000 pCi/f. The only source of 83Sr to the river
was N Reactor, which discharged 0.91 Ci to the
river in 1984.

As in past years, the upstream average concen-
tration of uranium (Figure 13) was slightly lower
than the downstream concentration (0.33 pCi/!
and 0.45 pCi/{ respectively). The DOE Concen-
tration Guide for uranium is 600 pCi/L. There was
no direct discharge of uranium to the river. Ura-
nium is known to be a primary constituent in the
ground water beneath the 300 Area (Prater et al.
1984).

lodine-131 was observed at very low concentra-
tions in several downstream samples, as in pre-
vious years. The average downstream concen-
tration of 1 during 1984 was 0.017 pCi/k,
compared to the DOE Concentration Guide of
300 pCi/L. The N Reactor, which reported 4.4 Ci
discharged to the river during 1984, was the only
Hanford source of 1| to the river. The positive
131] jdentifications in the downstream samples
correlated with extended periods of N Reactor
operations and seasonally low river flow rates.

The Hanford contribution of 29| to the river was
attributed to the flow of ground water from the
unconfined aquifer. Figure 14 provides a com-
parison of 129 upstream and downstream of the
site during the past five years and shows the
effect of river flow rate on the observed down-
stream levels. As shown in this figure, the differ-
ences between the upstream and downstream
locations during 1984 were similar to previous
years. The average upstream and downstream
concentrations of 121 during 1984 were 12 aCi/{
and 74 aCi/t, well below the DOE Concentration
Guide of 60,000,000 aCi/%.

The average upstream concentration of 137Cs was
nearly identical to the downstream; such was the
case also for 23924Pu. For both radionuclides,
measured concentrations were consistent with
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FIGURE 14. Columbia River Flow Rates and 1-129 Concentrations

previous years, and well below applicable DOE
Concentration Guides. Cobalt-60 was
observed more frequently in downstream than
upstream samples. The annual average particu-
late and dissolved concentrations downstream
were 0.0076 pCi/t and 0.012 pCi/f respectively.
Both are considerably lower than the DOE con-
centration Guide of 30,000 pCi/f. Potential
Hanford sources of ©Co were effluents from
N Reactor (1.3 Ci during 1984) and resuspension
of 8Co deposited in the river-bed during past
operations of the single-pass production reac-
tors. Concentrations in the downstreamsamples were
similar to those observed in previous years.

ONSITE PONDS

The four onsite ponds are located outside of
operating area exclusion fences (Figure 12). Two
of the ponds, Gable Pond and B Pond near the
200 East Area, were excavated in the mid-1950’s
for disposal of chemical process cooling water
and wastes occasionally containing low levels of
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radioactive contamination. The FFTF Pond,
excavated in 1978, is a sewage disposal and
treatment lagoon and does not routinely receive
radioactive wastes. The fourth pond, West Lake,
is a natural lake interconnected with the ground
water and does not receive direct discharges
from site facilities.

Sample Collection and Analysis

Grab samples of 102 of water from each pond
were collected quarterly during 1984. Unfiltered
sample aliquots were analyzed for gross alpha,
gross beta, gamma emitters, 3H, and %Sr. The
FFTF Pond samples were analyzed for 22Nainstead
of 9Sr. Results for 1984 samples are summarized
and graphed below; data values are tabulated in
Table A.13, Appendix A.

Results

As in past years the highest gross alpha and gross
beta concentrations were observed at West Lake



(Figure 15), which is constantly recharged from a
deep aquifer with only minor exchange of water
between the pond and the unconfined aquifer
(Gephart et al. 1976). Special water samples col-
lected and analyzed in 1975 indicated the radio-
activity in the pond to be primarily from naturally
occurring uranium (Speer, Fix and Blumer 1976).
Therefore, the observed radioactivity was the
result of naturally occurring radionuclides in the
pond recharge that have been concentrated by
evaporation over the years. Concentrations of
gross alpha and gross beta in West, Gable and B
Ponds were consistent with concentrations mea-
sured in past years; concentrations in FFTF Pond
were nearly undetectable.

Tritium analysis of all pond water samples was
initiated in 1983. Concentrations for the past two
years appear in Table 2. The concentration of
tritium in West Lake samples reflected the con-
centrations known to occur in nearby ground
water. A similar situation occurred at FFTF where
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TABLE 2. Tritium Concentration in Onsite Ponds

Average Concentration,

pCi/t
No. of No. of
Location Samples 1983 Samples 1984
West Lake 4 1300 + 1200 4 940+ 170
Gable Pond 4 190+ 160 4 220+ 120
B Pond 4 230+ 220 5 5600 + 4500
FFTF Pond 4 22,000 + 5000 4 29,000 + 9800

(a) Average + two standard error of the calculated
mean (95% confidence interval).

the source of pond water was from the pumping
and subsequent discharge of local ground water.
Tritium levels in the FFTF Pond were noted to be
about the same as concentrations in the local
ground water. Ground water at the FFTF site is
known to contain tritium from past effluent dis-
charges in the 200 Areas (Prater et al. 1984). Ele-
vated concentrations of tritium in B Pond were
attributed to increased tritium discharged to the
pond from PUREX operations.

Cesium-137 and %Sr concentrations in B Pond
were similar to those observed in 1983 (Figures
16 and 17). The 1984 average %Sr concentration
was calculated omitting an abnormally high
concentration (33 pCi/f) measured during the
second quarter.(d) Effluent discharges to B Pond
during that quarter, as measured by the operat-
ing contractor, indicated no apparent elevated
release of %Sr to B Pond, suggesting that the
concentration measured in the pond sample was
incorrect. Concentrations of these two radio-
nuclides increased in 1980, but have fallen off in
subsequent years and appear to have stabilized.

Although no radionuclides are routinely dis-
charged to FFTF Pond, there is a potential for an
accidental release. Thus, 22Na is routinely moni-
tored in FFTF Pond samples as an indicator of
process failure. As in past years, results were
below the detection level.

(a) All data are reported in Table A.13, Appendix A.
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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 1984. Samples were
collected primarily from locations in the prevalent downwind directions, i.e., to the south and east of
the site. Samples also were 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 were irrigated with Columbia River water and thus provided informa-
tion regarding radionuclide concentrations in food potentially attributable to radionuclides in the river
water. All samples were analyzed for %Sr and 137Cs. Milk samples were analyzed also for 111, 129, S,
and tritium. Fruit samples were analyzed for 3H, %Sr, and 137Cs.

Samples collected during 1984, as in recent years, indicated no apparent Hanford contribution to
radioactivity levels in locally produced foodstuffs. Tritium, %Sr and 137Cs were found ina number of the
samples; however, the concentrations measured in samples collected near the Hanford Site were
similar to those measured in samples collected away from the site. lodine-131 was detected in asingle
milk sample. There are no radionuclide concentration limits for foodstuffs. Impact was assessed from
predicting radiation dose from food consumption.

MILK age 7Cs and %Sr concentrations in milk for 1984
and the previous five years are shown in Figure
19. The effects of atmospheric nuclear testing are
reflected in the somewhat higher 137Cs values for
1979 and 1980, while the %Sr data have been
consistently low for the past several years.

Samples of raw, whole milk were collected from
several local dairy farms near the site perimeter
and in the prevalent downwind directions to
evaluate possible Hanford impacts. Samples also
were collected from dairy farms near Sunnyside
and Moses Lake to provide indications of the  Analyses for 1291 and tritium were performed on
general concentrations of radionuclides in milk  selected milk samples in 1984. Tritium was identi-
attributable to worldwide fallout. The sampling  fied in nearly half of the samples, and 21 in all of
locations are shown in Figure 18 and listed in  the samples. Concentrations, however, were
Table A.14, Appendix A. Samples were collected low, and no differences were apparent between
biweekly throughout the year from the Sage- near-site and distant sampling locations.

moor and Sunnyside areas. Samples from the

other areas were collected monthly during the

year. LEAFY VEGETABLES

lodine-131was detected in only one milk sample ~ Samples of leafy vegetables (i.e., spinach, leaf
collected in the Sagemoor Area. The concentra-  lettuce, turnip greens or mustard greens) were
tion was low enough (0.94 pCi/f) that no signifi-  obtained once during the summer from gardens
cant radiation exposure would occur from located within the sampling areas listed in Table
drinking the milk. A.15, Appendix A. The leafy vegetables provide

an indication of radionuclides present in locally
grown produce. Three replicate samples, each
composed of mixtures of the edible portions of
the various leafy vegetables grown at the
sampling location, were obtained. Samples were
A portion of the milk sample was analyzed for  analyzed for %Sr and ¥7Cs, and results are
8Sr and 9%Sr. Strontium-89 was not regularly provided in Table A.13. Strontium-90 was identi-
detected in the milk; however, %Sr was observed  fied in most samples but with no apparent dif-
in most samples analyzed. Maximum and aver- ference between distant and nearby locations.
age concentrations were similar at all locations, ~ Cesium-137 was identified in about 7% of the
both near and distant, and were comparable to  samples without any indication of a difference
concentrations observed in recent years. Aver-

Cesium-137 was identified in about 25% of the
samples. Concentrations in all cases were low
and within the range attributable to worldwide
fallout (USEPA 1984a).
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between locations. There were no important
changes in %Sr and 3’Cs concentrations when
compared to recent years, as shown in Figure 20.

FRUIT

Samples of apples, cherries, or grapes were col-
lected at picking time from the areas listed in
Table A.14, Appendix A. Three replicate samples
were collected at each sampling location, and
the edible portions were analyzed for 3H, %Sr
and %¥7Cs. Results are provided in Table A.16.

Tritium was identified in about half of the
samples analyzed, and %Sr in about 90% of the
samples. Grapes had slightly higher tritium con-
centrations than the other fruits, but otherwise
there were no apparent differences between
fruit types or sampling locations. As in recent
years, 137Cs was generally not detectable in fruit
samples.

WHEAT AND ALFALFA

Samples of field-dried wheat and alfalfa were
collected from the areas listed in Table A.17,
Appendix A. Three replicate samples, each of
wheat and alfalfa, were collected at each loca-

01— ND = Nondetectable
\U) —
S
Q
)
5 2 :
- [®]
§ 2 o001 )
E g 2
c - —
4]
(8]
c
S)
&
| ND
ooporb—tad B4 - kLl b

1979 1980 1981 1982 1983 1984

tion following the final cutting of the growing
season and analyzed for %Sr and 137Cs. Results of

the analysis are shown in Table A.17.

When sampling of wheat and alfalfa began in
1982, variable moisture content in the samples
from different locations may have contributed
to the variability in results. Beginning in 1983
samples were reported on a dry weight basis,
eliminating variability due to different moisture
contents. As in 1983, %Sr was identified in nearly
all of the samples, and 1¥’Cs was identified in very
few samples in 1984. No distinct difference in
radionuclide concentrations was apparent in the
samples from near the site compared to samples

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.18, Appendix A. Table A.18 provides
results of analysis of the samples for %¥Cs and
9Sr, Results were all very low and generally near
detection levels. Cesium-137 and %Sr concentra-
tions in beef for 1984 and the previous 5 years are

shown in Figure 21.
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FIGURE 20. Cesium-137 and Strontium-90 Concentrations in Leafy Vegetables, 1979 to 1984
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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 (e.g., waste-water ponds) that contain low levels
of radionuclides attributable to site operations. Sampling was performed in areas where the potential
existed for uptake of radionuclides by wildlife. The number of animals that visited these areas was small
compared to the total wildlife population, 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 for 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 results of terres-
trial wildlife samples collected during 1984 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 1984 would be well below applicable DOE dose standards.

DEER

Samples taken from road-killed deer (Figure 22)
were used to provide an indication of the gen-
eral levels of radionuclides in Hanford Site deer.
Six deer were sampled and analyzed for 3¥7Cs in
muscle and 23%240Py in liver. Results indicated the
presence of detectable levels of 137Cs in only one
deer at 0.007 pCi/g. The livers of two animals
contained detectable quantities of 23%24Pu with
the maximum concentration of 0.0005 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 Figures 23 and 24.
Individual results for 1984 are shown in Table
A.19, Appendix A.

FISH

Fish were caught at various locations along the
Columbia River, and boneless fillets were ana-
lyzed for 8Co, %Sr, and ¥¥7Cs. Median concentra-
tions for 89Co and '37Cs in whitefish and bass over
recent years are shown in Figures 25 and 26.
Whitefish were collected both upstream of Han-
ford near Priest Rapids Dam and within the site
near 100-D Area. Bass were collected near 100-F
Area.

Cobalt-60 and 37Cs were identified more fre-
quently in whitefish samples collected along the
Hanford reach of the river near 100-D Area than
in samples collected upstream of thessite, but the
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concentration differences were not quantifiably
different. The presence of the ®Co in the fish
may be associated with residual radioactivity in
sediments of the Columbia River from past
operations or effluent releases from N Reactor.

The maximum and average concentrations of
90Sr in whitefish fillets from samples collected
upstream of the site were not quantifiably dif-
ferent than those collected near the 100-D Area.
The upstream value was higher than the pre-
vious two years of data; and the 100-D values
were between those of the previous two years.
Individual results for 6¢Co, %Sr and 137Cs for 1984
are shown in Table A.20, Appendix A.

UPLAND GAME BIRDS

Upland game birds including pheasant and
chukar were from the 100, 200 and 300 Areas
(Figure 22). Samples of breast meat from each
bird were analyzed for ©Co and "¥Cs. A higher
percentage of the birds showed detectable con-
centrations of 3Cs than of ®Co. The median
concentrations for 137Cs in the 100 and 200 Areas
areshown in Figure 27 and are within the ranges
of the previous years. Median ¥Cs concentra-
tions in the 300 Area were lower than the other
areas. Cobalt-60 concentrations were near min-
imum detectable levels with the maximum sam-
ple at0.03 pCi/g. Maximum and average concen-
trations for 1984 for both nuclides are shown in
Table A.21, Appendix A.
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WATERFOWL

Waterfowl samples (mallard ducks) were col-
lected from B Pond and U Pond in the 200 Areas.
An approximately 0.5-kg sample of breast meat
from each bird was analyzed for 137Cs. The results
in Figure 28 show decreasing concentrations for
the 200 Area ponds over the last several years.
Concentrations in samples from the 300 Area
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pond in 1984 were about one tenth those in the
200 Areas as shown in Table A.22, Appendix A.
Samples have been taken in previous years from
other operating areas, along the ColumbiaRiver,
and from Gable Mountain Pond and are reported
in earlier annual reports. Gable Mountain Pond
was being renovated in 1984 and no ducks were
present. Decommissioning of U Pond began in
1984.

RABBITS

Cottontail and black-tailed jack rabbits were col-
lected in the 100 and 200 Areas (Figure 22). The
samples were analyzed for gamma-emitting radio-
nuclides in muscle, %Sr in bone and plutonium
in liver. Median concentrations for %Sr in bone
and "7Cs in muscle for the last several years are
shown in Figures 29 and 30. Median concentra-
tions were within the range of previous years.
Maximum and average concentrations for 1984
are shown in Table A.23, Appendix A.

No other gamma-emitting radionuclides of
possible Hanford origin were detected in any
samples at levels greater than expected from
worldwide fallout. Concentrations of 229240Pu in
liver samples ranged from less-than-detectable
to values near the detection limit (0.0006 pCi/g)
with only one sample significantly above the
detection limit at 0.0012 pCi/g.

137
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FIGURE 28. Median Concentrations of 137Cs in
Duck Muscle Samples Collected
from 200 Area Ponds
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SOIL AND VEGETATION MONITORING

Surface soil and rangeland vegetation samples were collected at a number of locations onsite as well as
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-agricultural sites so
as not to interfere with deposition and buildup processes. Because the radionuclides of interest were
present in worldwide fallout or occurred naturally, their presence was expected in all samples.

An assessment of radionuclide contribution from Hanford operations was made by comparing the
results of samples collected at downwind locations, primarily to the south and east of the site, with
samples collected from distant or generally upwind directions. Based on the samples collected, there
was no indication of a significant contribution from Hanford to radionuclide concentrations in soil or

vegetation in the offsite environment.

SAMPLE COLLECTION AND ANALYSIS

Soil and vegetation samples were collected at 15
onsite and 16 offsite locations as shown in Figure
31. The onsite sampling locations were primarily
located adjacent to major operating areas where
the contribution of radionuclides from opera-
tions could be readily assessed. The majority of
the offsite samples were collected in a generally
downwind direction 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 col-
lected in a generally upwind direction for
comparison.

Single samples of surface soil were collected at
each location. Each sample consisted of a com-
posite of five “plugs” of soil approximately 2.5-cm
deep and 10 cm in diameter obtained within a
100-m2area at the sampling site. The composites
were dried, sieved to pass through a 2-mm
screen, and thoroughly mixed. Aliquots of the
composite samples were analyzed.

Samples of perennial vegetation were collected
in the immediate vicinity of the soil sampling
locations at the same time soil sampling was per-
formed. Vegetation samples included a mixture
of rabbitbrush, sagebrush and bitterbrush in
rough proportions to the natural abundance of
the three plants at the sampling location. No
single species of perennial vegetation grows at
all of the sampling locations. The vegetation
samples were collected by cutting asmall amount
of the recent growth from a sufficient number of
plants in the area to make up an approximately
1-kg sample. The sample was then dried and
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ground and aliquots were taken for analysis.
Samples were analyzed for ¥7Cs and other
gamma-emitting radionuclides, %Sr, plutonium
and uranium.

SOIL

Individual results of soil analyses for samples col-
lected at onsite and offsite locations for 1984 are
shown in Table A.24, Appendix A. Although
some variability existed between sampling loca-
tions, concentrations of three long-lived radio-
nuclides %Sr, 137Cs and 23%240Py were similar to
those observed in previous years. Sampling loca-
tions near the 200 Areas continued to show
slightly elevated concentrations for a few radio-
nuclides. Specifically, the 200-ENC sample (loca-
tion 4, Figure 31) showed elevated levels of 137Cs
and the E of 200W (location 9, Figure 31) sample
exhibited elevated levels of 239240Py, with 20Sr

~and 1%7Cs decreasing at both locations from pre-

vious years.

The offsite soil data were similar to data col-
lected during the last several years. The histo-
grams in Figure 32 display %Sr, 137Cs, 239.240Py, and
uranium median values for all onsite and offsite
locations for 1984 and the previous five years. As
shown in the figure, radionuclide concentra-
tions tend to be slightly elevated at onsite loca-
tions when compared with offsite locations. The
only exception is uranium which was found to
be slightly elevated in the offsite environs. Ura-
nium is thought to be naturally occurring in the
soil at several offsite sampling locations.

Routine soil sampling began in 1971, and Table
A.25, Appendix A lists all 23%24Py results for
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samples collected at several onsite and offsite
locations. These historical records reveal two
important factors: first, in spite of the use of a
sampling technique desighed to overcome vari-
ability, results over the years at a single location
are highly variable; second, concentrations are
quite low and all sites appear to be stable over
time.

VEGETATION

Individual results of analyses for radionuclides in
samples of mature vegetation collected during
1984 at onsite and offsite locations are shown in
Table A.26, Appendix A. Trace concentrations of
those radionuclides associated with worldwide
fallout were measured in all samples collected.

Concentrations of long-lived radionuclides in
vegetation samples were similar to those
measured at the respective locations in previous
years (Figure 33). Concurrent with soil data, con-
centrations of radionuclides in vegetation in the
onsite environs were slightly higher, with the
exception of uranium, when compared with
offsite data. Similarly, uranium concentrations in
vegetation were slightly higher at offsite loca-
tions compared to onsite.
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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 1984. The measurements were made using thermoluminescent dosi-
meters (TLDs) to provide estimates of the dose rates from external radiation sources. Naturally
occurring sources, including radiations of cosmic origin and natural radioactive materials in the air and
ground, as well as fallout from the atmospheric testing of nuclear weapons, resulted in a certain
amount of penetrating radiations being recorded at all dosimeter locations. 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.

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 1984.
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 1984 were
comparable to past years. No unexpected or abnormal conditions were observed on the site highways

or railroads.

PENETRATING RADIATION MEASUREMENTS
(TLDs)

External radiation measurements were made
using environmental TLDs at numerous loca-
tions onsite, around the perimeter of the site, in
nearby communities, distant communities and
along the shoreline of the Columbia River.
Environmental radiation dosimeters consisted of
five CaF2:Mn thermoluminescent chips encased
in a plastic capsule. The capsule contained a
lead/tantalum filter to provide uniform dose
response characteristics for penetrating radia-
tions above 60 keV (Fix and Miller 1978). The
dosimeters were mounted one meter above
ground level and were exchanged every four
weeks, with the exception of the shoreline TLDs
which were exchanged quarterly. Measured
doses are reported in dose equivalent units
(mrem) to enable comparison to dose standards
and dose equivalents reported elsewhere in this
document. The TLDs record radiation exposure
from natural and fallout sources as well as any
local contribution (NCRP 1975).

Dosimeters were located at numerous locations
in the vicinity of Hanford and at several locations
somewhat distant from the site as shown in Fig-
ure 34. The dose rates measured at each location
during 1984 are given in Table A.27, Appendix A.
Most of the offsite dosimeter locations were in
or near areas that could have been inhabited
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continuously. Dose measurements at these loca-
tions are reported in units of mrem/yr. Results
were similar to those observed in previous years
for the respective locations. The background
dose rate, calculated from the annual average
dose rates observed at distant locations, was sim-
ilar to past years at 66 mrem/yr (0.008 mrem/h).
Figure 35 shows average annual dose rates mea-
sured at perimeter and distant locations during
the past five years. The figure illustrates the natu-
ral year-to-year variability of penetrating radia-
tions in the environs at both near and distant
locations. The figure also demonstrates that dose
rates at perimeter stations generally averaged
several mrem/yr higher than the distant loca-
tions. The possibility of a historic release of
radioactive material (prior to 1974) as a cause for
the observed differences in dose rate is not sub-
stantiated by soil and vegetation sampling data
provided in this and previous annual reports.
The differences may be due to natural geo-
graphic variations in terrestrial radiation.

Dosimeters were submerged in the Columbia
River at Coyote Rapids and at the Richland
pumphouse (Figure 36) to provide an estimate of
penetrating dose rates that could be received by
a person immersed in the river. Results of the
measurements, shown in Table A.28, Appendix
A, were less than the background dose rate of
0.008 mrem/h measured on land. The average
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dose rates at the Coyote Rapids and Richland
pumphouse locations were 0.005 mrem/h and
0.004 mrem/h, respectively, during 1984. As
expected, these dose rates have remained low
and relatively constant over the years.

Dosimeters were placed at several publicly
accessible locations near the perimeter of oper-
ating areas on the Hanford Site as shown in Fig-
ure 37. These locations included the shoreline of
the Columbia River near 100-N Area, parking
lots near the west perimeter of the 300 Area, and
the parking lot near the visitors center at the 400
Area (FFTF). Results of these measurements for
1984 are shown in Table A.29, Appendix A.
Results are reported as mrem/h (instead of
mrem/yr) because the locations are not contin-
uously occupied by the same person. Dose rates
near the 100-N Area on the river shoreline were
slightly elevated but similar to those observed in
previous years. The maximum dose rate recorded
was 0.050 mrem/h while the average varied
between 0.011 and 0.030 mrem/h. Dose rates at
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publicly accessible locations along the west
perimeter of the 300 Area were elevated slightly
compared to normal background levels of 0.008
mrem/h. The highest dose rate measured was
0.020 mrem/h at a location near a research facil-
ity housing a radioactive steam generator pres-
ently under study. The average dose rate at the
other 300 Area perimeter location near a pub-
licly accessible area was found to be at back-
ground levels (0.008 mrem/h). Dose rates near
the visitors center at the 400 Area (FFTF) were at
background levels, indicating no additional
penetrating dose rate could be attributed to
FFTF activities during 1984 at this location.

Cooling water containing radioactive materials
was discharged to the Columbia River during
reactor operations at Hanford from 1944 to 197 2.
These radionuclides were diluted and dispersed
in the river. Low levels of residual radioactivity
(primarily Co and '54Eu) can still be measured at
several locations along the shorelines and on
islands in the Hanford reach of the river. Radia-
tion dose rates from these radionuclides were



Figure removed as per DOE guidance.

FIGURE 37. Environmental Dosimeter Location at Publicly Accessible Locations Onsite (See Table
A.29, Appendix A, for location number key)
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the subject of an extensive radiological survey of
the Hanford reach of the river performedin 1979
(Sula 1980). In 1980, based upon findings of the
survey, dosimeters were located in areas along
the river, shown in Figure 36, where dose rates
due to the residual radioactivity deposits were
determined to be slightly elevated with respect
to background levels. Table A.30, Appendix A,
provides results of measurements at these loca-
tions during 1984. Dose rates measured during
1984 were similar to those observed in recent
years. Dose rates along the river are expected to
gradually decrease at a rate commensurate with
the radioactive half-lives of the radionuclides
present. The half-life of Co is 5.3 years and '>Eu
is 8.2 years. ‘
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Onsite external penetrating radiation was mea-
sured at the locations shown in Figure 39. The
results of these measurements are given in Table
A.31, Appendix A. Dose rates above background
were observed at several locations onsite during
1984. The elevated levels observed near 100-N
were attributed to short-lived airborne noble
gases as well as direct radiations due to reactor
operations and waste handling and storage facil-
ities. Dose rates at one of the 300 Area locations
(location 16 of Figure 38) were slightly elevated
during 1984. This location is near the steam gen-
erator examination facility which accounts for
the elevated levels. The 400 Area dose rates were
observed to be at normal ambient levels except
at 400N (location 20, Figure 38), which lies near a
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railroad spur where parked railroad tank cars
containing liquid waste account for the slightly
higher levels. Dose rates around the 200 Areas
were within the expected background levels.

RADIATION SURVEYS

Onsite roads, railroads and radioactive waste
disposal sites located outside of operating areas
were routinely surveyed during 1984 to detect
abnormal levels of radioactivity. The frequency
of the surveys on specific routes for roads and
railroads was based on the use and potential for
contamination. The majority of the waste sites
were surveyed on a semiannual basis during
1984. Specific routes and frequencies for surveys
conducted during 1984 were defined in the mas-
ter schedule (Blumer et al. 1983).

Roads, shown in Figure 39, were surveyed rou-
tinely using four scintillation detectors posi-
tioned approximately 0.5m above the ground
evenly spaced across the width of a vehicle. No

abnormal conditions were observed on the site
roadways surveyed during 1984.

Railroad routes, also shown in Figure 39, were
surveyed using two scintillation detectors
mounted approximately 0.3 m directly above the
tracks on a small rail car. Railroad surveys con-
ducted during 1984 did not reveal any unex-
pected conditions on the site railways.

Inactive waste disposal sites outside of operating
area perimeter fences were surveyed during
1984 with portable instruments to detect changes
in levels of external radioactivity. Sites also were
visually inspected with respect to general physi-
cal conditions. In general, radiation surveys
conducted during 1984 showed levels compar-
able to those observed in the past. A few minor
cave-ins were observed on two waste disposal
sites. These were promptly reported to the
responsible contractor for appropriate correc-
tive action.
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FIGURE 39. Road and Railroad Survey Routes
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NONRADIOLOGICAL MONITORING

Nonradiological monitoring on the Hanford Site has historically emphasized air and Columbia River
water sampling. Oxides of nitrogen (NO,) are routinely released from fossil-fueled steam plants and
chemical processesing plants located onsite. Air data collected by the Hanford Environmental Health
Foundation (HEHF) confirmed minimal nonradiological impact in the Hanford environs for 1984.

The Hanford reach of the Columbia River has been designated Class A, or Excellent, by the Washington
State Department of Ecology. This designation requires that industrial uses of the river be compatible
with all other uses of the water, including drinking water, recreation, and wildlife. Waste water from
Hanford activities is discharged at eight points along the Hanford reach of the Columbia River, each
regulated under an existing National Pollutant Discharge Elimination System (NPDES) permit issued by
the EPA. In addition, measurements of several Columbia River water quality parameters were con-
ducted routinely during 1984 both upstream and downstream of the Hanford Site to monitor any
effects on the river that may be attributable to Hanford discharges and to determine compliance with
the Class A designation requirements. The measurements indicated that Hanford operations had
minimal, if any, impact on the quality of the Columbia River water.

AIR able national ambientair standard for NO2is 0.05
ppm as an annual arithmetic mean (National
Primary and Secondary Ambient Air Quality
Standards 1973).

Nonradiological pollutants in routine gaseous
emissions from chemical processes and fossil-
fueled steam plants at Hanford consisted pri-
marily of the oxides of nitrogen (NO,). The

Hanford Environmental Health Foundation con- COLUMBIA RIVER

tinued to operate a nine station network for Nonradioactive waste water is discharged at
monitoring nitrogen dioxide (NO:) concentra- eight points along the Hanford reach of the
tions in the Hanford environs. Nitrogen dioxide Columbia River. These discharges consist of
concentrations for 1984 were consistent with backwash water from water intake screens, cool-
previous years data and did not exceed EPA and ing water, water storage tank overflow, and fish
local limits. laboratory waste water. Each discharge point is

identified in a National Pollutant Discharge Elimi-
Sample Collection and Analysis nation System (NPDES) permit issued by the EPA.

Effluents from each of these outfalls were rou-
tinely monitored and reported by the operating
contractors as required by the NPDES permit.

The NO, sampling locations were selected in an
effort to adequately characterize onsite as well
as potential offsite impacts of PUREX NO, emis- v
sions. The sample locations are shown on the Measurements of several Columbia River water
map in Figure 40 and identified in Table 3. quality parameters were conducted routinely
during 1984 both upstream and downstream of
the Hanford Site to monitor any effects on the
river that may be attributable to Hanford dis-
"charges and to determine compliance with the
Class A designation requirements.

The NO, sampling unit consisted of bubbler
assemblies containing absorbing solution oper-
ated by asequential sampling pump. The pumps
were set to pull an air flow rate of 200 ml/min
and were operated to sequence on a 24-hour
basis. Thus, all sample results were midnight-to- S le Collecti d Analvsi
midnight, 24-hour integrated averages. ample L.oflection and Analysis

Grab samples of Columbia River water were col-

Results lected monthly at the Vernita Bridge (upstream
As shown in Table 3, NO: data collected by the of Hanford) and at Richland (downstream) and
network in 1984 indicated a maximum observed analyzed to indicate the general water quality
average NO: concentration per station of less changes along the Hanford reach of the river.
than 0.008 parts per million (ppm). The applic- Samples were delivered to HEHF for analyses
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FIGURE 40. Nitrogen Dioxide (NO2) Air Sampling Locations
(see Table 3 for location number key)

TABLE 3. Ambient Nitrogen Dioxide (NO2) Concentrations in the Hanford Environs for 1984

No. 24-hour % Samples High 24-hour

Map Integrated  Annual Average(b) <Detection Limit Average

Location Location(@) Samples ppm NO2 (0.003 ppm NO2) ppm NO2
ALE 1 297 <0.005 + 0.006 14.1 0.024
100-8 2 180 <0.004 £+ 0.004 36.7 0.015
100-D 3 256 <0.004 £+ 0.004 33.6 0.016
Hanford Townsite 4 273 <0.005 + 0.006 14.7 0.025
Army Barracks 5 260 <0.005 + 0.004 12.3 0.015
Wye Barricade 6 303 <0.008 + 0.008 2.6 0.029
400 Areal®) 7 128 <0.004 + 0.004 414 0.011
Highway 240(d) 8 185 <0.004 + 0.004 30.8 0.011
Sullivan Barn 9 272 <0.005 + 0.004 16.5 0.015

(a) Locations are identified in Figure 41.

{b) Annual averages + twoistandard deviation.

(c) Based on data collected through the second week of June.
(d) Based on data collected through the first week of August.
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which included biological oxygen demand
(BOD), coliform bacteria, pH and nitrate.

Water quality measurements of the Columbia
River were also performed by the United States
Geological Survey (USGS) at the same upstream
and downstream locations. The USGS samples
consisted of river cross-section composites col-
lected bimonthly at the Vernita Bridge and quar-
terly at Richland. Analyses were performed at
the USGS laboratory in Denver, Colorado for
numerous physical, biological, and chemical
constituents. The USGS was also contracted to
provide continuous temperature monitoring of
the river upstream and downstream and flow-
rate measurements upstream of the site.

Results

Figure 41 illustrates sampling results for constit-
uents for which state water quality regulations
exist. With one exception (pH 9.1 at downstream

location), pH values upstream and downstream
were in close agreement and within the accep-
table range during 1984. The median fecal coli-
form concentration during 1984 was slightly
higher at the downstream location, but both
upstream and downstream concentrations were
well below the standard. Average turbidity and
dissolved oxygen concentrations were similar
upstream and downstream and did not exceed
the standard. Concentrations of these water
quality variables during 1984 were consistent
with measurements of previous years.

Average monthly river flow and periods of N
Reactor operation are shown in Figure 42. No
substantial difference existed between upstream
and downstream temperatures, and monthly
averages remained within the standard during
1984. Due to equipment failure, several months
of data are missing from the downstream loca-
tion. While the highest downstream tempera-
tures coincided with periods of low river flow
and N Reactor operation, upstream tempera-
tures exhibited the same trend. This suggests
that heat contributed from N Reactor effluents
was, at best, a small fraction of the temperature
increases observed. Natural heating by the sun,
therefore, appeared to be the major cause of
water temperature increases along the Hanford
reach.

Data collected by both PNL and the USGS are
summarized in Table A.32, Appendix A. Data
include a number of variables for which state
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FIGURE 41. Columbia River Water Quality

standards do not exist. Results of USGS analyses
that duplicate onsite analyses were generally
comparable. None of the analytical results indi-
cated a significant deterioration in water quality
at the downstream sampling locations.

The NPDES-permitted discharge locations and
the parameters routinely measured are included
in Table 7. In two instances during 1984, tem-
perature maximums were exceeded at two of
the discharges. At one 100-N Area discharge, the
concentration of 1,1,1-trichloroethane exceeded
the NPDES notification level. All violations were
documented with separate unusual occrrence
reports.
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FIGURE 42. Columbia River Temperature and Flow Rates for 1984

TABLE 4. Moeasurements for NPDES Permitted Discharges at Hanford(8)

Location
100-K Area 100-N 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 X —
Oil and Grease ---(b) X ——
Heat Discharged --- X ---
Settleable Solids X
Iron an- X o
Ammonia --- X ——-
Chromium - X -

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




GROUND-WATER MONITORING

Large volumes of process cooling water and low-level radioactive liquid wastes have been released
since 1943 to the ground through cribs, ditches, and ponds. Liquid wastes discharged to the ground
percolate downward and laterally and eventually enter the unconfined ground water underlying the
Hanford Site. As the radionuclides and other contaminants move downward with the waste water, their
concentrations are reduced by ion exchange, diffusion, radioactive decay, and dilution in the ground
water.

Ground water is sampled at a large number of locations on the Hanford Site. In addition, studies are
conducted to provide additional information to characterize further the ground-water system, refine
the hydrologic models, and determine the impact of site operations on the environment. Results for
1984 indicated that the tritium and nitrate plumes continued to move slowly toward the Columbia
River. All tritium results were within applicable concentration guides. Complete results from the
Ground-Water Surveillance Program will be reported in a separate annual report entitled, Ground-
Water Surveillance at the Hanford Site for CY 1984 (PNL-5408).

GEOLOGY AND HYDROLOGY 1984. Most of the wells were 6 or 8in. in diameter
with steel casings. Normally they were screened
or the casings were perforated. During 1984, the
Ground-Water Surveillance Program collected
about 1,500 samples and performed more than
4,000 analyses. Rockwell and UNC collected
additional samples for special purposes. Most

" routine samples were collected on a quarterly
basis; others were obtained monthly, semi-
annually, or annually. The method of sample
collection varied, but the majority of the moni-
toring wells contain permanently mounted sub-
mersible pumps. Bailers were used to dip water
samples from wells incapable of producing water

General features of the geology and hydrology
of the site are discussed under “Description of
the Hanford Site.” Ground water within the
unconfined aquifer beneath the site is influ-
enced by artificial recharge from liquid waste
disposal cribs, ditches, and ponds in and adja-
cent to the 200 Areas. Those soluble contami-
nants in liquid effluents that reach the ground
water are restricted to the unconfined aquifer.
Thus, the unconfined aquifer is the most
throughly monitored and studied aquifer
beneath the site.

Percolating waste water in proximity to the 200 by pumping. Samples were collected just below
Area has created localized ground-watermounds ~ the water table because that has been demon-
that have slightly raised the water table. The dis- strated to be the location of maximum concen-
posal of large amounts of waste water can influ- tration for most contaminants found in the
ence the direction of flow of the ground water. ground water at Hanford (Eddy, Myers, and
However, the general direction of all flow was Raymond, 1978).

eastward to the Columbia River. ) . L
Samples collected during routine monitoring

Disposal at other operating areas also contributed were analyzed for a number of radioactive and
to the ground-water flow beneath the Hanford nonradioactive constituents. Both 3H and nitrate
Site. Smaller amounts of waste water have been ion were measured most frequenﬂy, Samples
disposed of through ground facilities at the vari- from selected wells also were analyzed, for ura-
ous 100 Areas and at the 300 Area. The FFTF Site nium, %Sr, 9Co, 1%Ru, 1311, 137Cs, 22Na, 65Zn. Gross
(400 Area) contributes very little to the ground beta activity was measured in well water from
water, however, was one of the few onsite loca- the 300 Area and certain wells in the 400 Area
tions where ground water was used as a drinking and 100-H Area. Some samples from the 200
water source. Areas are monitored for gross alpha activity. The

nonradioactive constituents monitored in vari-
Sample Collection and Analysis ous wells include: calcium, magnesium, sodium,

carbonates, bicarbonates, potassium, boron,

Ils were used to gather ground-
More than 300 we er 8 & chloride, sulfate, chromium, and fluoride. Other

water samples from the unconfined aquifer in
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measurements were made such as pH, conduc-
tance, and dissolved solids.

Results

Because tritium enters the ground-water system
as part of the water molecule, it moves with the
water and is unaffected by the geologic condi-
tions that may affect other radionuclides. Tri-
tium provides a good indicator of the position of
the contaminated ground-water plume beneath
the Hanford Site. Figure 43 represents the distri-
bution of tritium in the unconfined aquifer for
1984.

The main tritium plume has moved away from
the 200 Areas in a southeasterly direction and has
separated into at least three individual plumes as
the leading edge approaches the Columbia
River. The smaller plumes adjacent to the 100
and 300 Areas represent current and past
operations.

The movement of the tritium plume has reached
the river adjacent to the Hanford Townsite as
shown by Figure 43. Ground water from the un-
confined aquifer enters the Columbia River
through subsurface flow and springs that emanate
from the riverbank as reported by McCormack
and Carlile (1984), Figure 44 indicates historical
tritium data tor a well located adjacent to the
Columbia River near the Hanford Townsite <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>