Environmental Monitoring
at Hanford for 1987

Prepared for the U.S. Department of Energy
under Contract DE-AC06-76RLO 1830

Pacific Northwest Laboratory
Operated for the U.S. Department of Energy
by Battelle Memorial Institute

F%Battelle

¥9v9-INd



DISCLAIMER

This report was prepared as an account of work sponsored by an agency of the
United States Government. Neither the United States Government nor any agency
thereof, nor Battelle Memorial Institute, nor any or their employees, makes any
warranty, expressed or implied, or assumes any legal liability or responsibility for
the accuracy, compieteness, or usefuiness of any information, apparatus, product,
or process disclosed, or represents that its use would not infringe privately ewned
rights. Reference herein to any specific commercial product, process, or service by
trade name, trademark, manufacturer, or otherwise does not necessarily consti-
tute or imply its endorsement, recommendation, or favoring by the United States
Government or any agency thereof, ar Battelle Memorial Institute. The views and
opinions of authors expressed hereln do not necessarily state or refiect those of the
United States Government or any agency thereof, or Battelle Memorial Institute.

PACIFIC NORTHWEST LABORATORY
operated by
BATTELLE MEMORIAL INSTITUTE
for the
UNITED STATES DEPARTMENT OF ENERGY
under Contract DE-AC06-76RLO 1830

Printed in the United States of America
Availabie from
National Technical Information Service
Utiited States Department of Commerce
5285 Port Royal Read
Springfield, Virginia 22161

NTIS Price Codes
Microfiche Ag1

Printed Copy

Price

Pages Codes
001025 AQZ
G26-656 AB3
051-675 Al
076100 AQS
191-125 Ade
126-150 AG7
151-175 AGB
176-260 ALY
201225 AT
226-25C Al11
251275 AB12

276-300 ADT3



Environmental Monitoring
at Hanford for 1987

R. E. Jacquish, Editor
P. J. Mitchell, Editor

May 1988

Prepared for
the U.S. Department of Energy
under Contract DE-AC06-76RLO 1830

Pacific Northwest Laboratory
Richland, Washington 99352

PNL-6464
UC-41
ucC-11






PREFACE

Environmental monitoring at the Hanford Site is conducted by the Battelle Memorial Institute, Pacific
Northwest Division, as part of its contract to operate the Pacific Northwest Laboratory (PNL) for the U.S.
Department of Energy. The data collected provide a historical record of radionuclide and radiation levels
attributable to natural causes, worldwide fallout, and Hanford operations. Data are also collected to monitor
the status of chemicals on the Site and in the Columbia River.

This report represents a single, comprehensive source of offsite and onsite environmental monitoring data
collected during 1987 by PNL's Environmental Monitoring Program. Appendix A contains data and data
summaries for results obtained during 1987 that include statistical estimates of variation. Information in
Appendix Ais intendedfor readers with a scientific interestorforthose who wish to evaluate resultsinamanner
not included here. Those interested in reviewing the raw data can do so atthe Department of Energy - Richland
Operations’ Public Reading Room at the Federal Building in Richland, Washington.
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SUMMARY

Environmental monitoring activities performed by
the Pacific Northwest Laboratory forthe U.S. Depart-
ment of Energy (DOE) on the Hanford Site for 1987
are discussed in this report. Samples of environ-
mental media were collected to determine radionu-
clide and chemical concentrations at locations inthe
geographical areashowninthe figure below. Results
are discussed in detail in subsequent sections of this
repont.

Surveillance of radioactivity in the Hanford vicinity
during 1987 indicated concentrations well below
applicable DOE and U.S. Environmental Protection
Agency (EPA) standards (Appendix C). Radioactive
materials released from Hanford operations
(Appendix G) were generally indistinguishable

above background in the offsite environment.
Continued influence from the 1986 reactor accident
at the Chernobyl Nuclear Power Station in the
U.S.S.R. was not apparent this year. Chemical con-
centrations in air were below applicable standards
established by the EPA and the State of Washington.
Chemicals detected in the ground water beneath the
Site can be attributed to both Site operations and
natural background levels. Several chemicals
regulated by the EPA and the State of Washington
exceeded EPA drinking water standards (DWS).

ENVIRONMENTAL MONITORING RESULTS

Air — In 1987, the annual average Hanford Site
perimeter concentrations of ®Kr, uranium, and
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29.290py were numerically greater than levels meas-
ured at distant monitoring stations. These differ-
ences were not significantly different statistically (at
the 5% significance level). lodine-129 was numeri-
cally larger at the perimeter stations than at the
distant stations and the difference was significant
statistically (beyond the 0.5% significance level).
However, even the maximum individual perimeter
sample for any radionuclide was only 0.5% of the
applicable DOE Derived Concentration Guide
(DCG). The total dose from air emissions is com-
pared to Clean Air Act and DOE dose standards in
the section “Potential Radiological Doses from 1987
Hanford Operations,” Section 4.0. Annual average
NO, concentrations at all sampling locations re-
mained well below federal and Washington State
ambient air standards. (See “Air Monitoring,” Section
3.1)

Ground Water — Ground-water analyses were
compared to the EPA’s DWS and the DOE’s DCG
as abasis for evaluating levels of contamination. Ob-
served levels during 1987 were similar to those in
previous years.

Radionuclides in ground water, including gross al-
pha, gross beta, *H, ®Co, ®Sr, *°Tc,'®Ru, 29|, and %'
were above the DWS in the immediate vicinity of
operational areas. Only H in the 200 Areas and %°Sr
in the 100-N Area were above the DCG. Tritium
continued to move with the ground water and dis-
charge to the Columbia River.

Monitoring results also indicated that certain chemi-
cals regulated by the EPA and the State of Washing-
ton were present in Hanford ground water near the
operating areas. Nitrate concentrations resulting
from Site operations exceeded the DWS in parts of
the 100, 200, and 300 Areas and in the 600 Area
southwest of the old Hanford townsite. Chromium
concentrations were above the DWS at 100-H, 100-
D, and the surrounding area. Cyanide was observed
in, and north of, the 200-East Area. Fluoride was
above the DWSin a few wells in the 200-West Area.
Several organic chemicals, primarily carbon tetra-
chloride, were observed to be above the DWS in
wells in the 200-West Area. (See “Ground-Water
Monitoring,” Section 3.2)

Surface Water — During 1987, low levels of some
radionuclides continued to be detected in samples of
Columbia River water collected upstream of the Site
at Priest Rapids Dam and downstream of the Site at
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the Richland Pumphouse. As in past years, radionu-
clides consistently observed in measurable quanti-
ties in the river water were 3H, %Sr, 28], 2341J, 238J, and
29.240py, Concentrations of %Sr, 24U, 28U, and
2.240py were similar in water collected from both
locations. Tritium and 'l concentrations were con-
sistently higher in water collected at the Richland
Pumphouse than in water from Priest Rapids Dam.
All radionuclides observed in Columbia River water
during 1987 exist in worldwide fallout, as well as in
effluents fromHanford facilities. Tritium and uranium
are also naturally occurring in the environment.
Concentrations of radionuclides identifiedin the river
water during 1987 were below concentration limits
established for drinking water by the EPA and the
State of Washington.

Nonradiological water quality parameters measured
during 1987 were similar to those reported during
previous years and within Washington State Water
Quality Standards.

Four onsite ponds were routinely sampled for radio-
logical constituents during 1987. Concentrations of
radionuclides in water collected from these ponds
were similar to those observed during past years.
(See “Surface-Water Monitoring,” Section 3.3.)

Food and Farm Products — Low levels of radionu-
clides attributable to worldwide fallout were found in
several foodstuff and farm product samples during
1987. Concentrations in samples collected near the
Hanford Site were similar to those measured in
samples collected away from the Site. Foodstuffs
irrigated with water taken from the Columbia River,
and downstream of the Site, had the same low,
radionuclide concentrations as foodstuffs grown in
other areas. (See “Food and Farm Product Monitor-
ing,” Section 3.4.)

Wildlife — Samples of deer, fish, gamebirds, water-
fowl, and rabbits were collected where potential
radionuclide uptake was considered most likely, or at
nearby locations where wildlife samples were avail-
able. Analytical results of terrestrial wildlife samples
collected during 1987 were similar to those observed
in recent years. Radionuclide levels in muscle tissue
of fish collected near the Site were similar to radionu-
clide levels seenin upstream samples. The dose that
aperson who consumed any of the wildlife sampled
could have received, even at the maximum radionu-
clide concentrations measured in 1987, was below
applicable DOE standards. (See “Wildlife Monitor-
ing,” Section 3.5.)



Soil and Vegetation— During 1987, low concentra-
tions of radionuclides were measured in onsite and
offsite samples of surface soils and rangeland vege-
tation. However, evaluations of the samples pro-
vided no indication of significant increases in con-
centrations of radionuclides in offsite samples that
could be attributed to Hanford operations. Resuits
from special soil samples collected downwind from
Hanford did not indicate a measurable buildup of
Hanford-derived plutonium. (See “Soil and Vegeta-
tion Monitoring,” Section 3.6.)

Penetrating Radiation — Dose rates from external
penetrating radiation measured in local residential
areas were similar to those observed in previous
years, and no contribution from Hanford activities
could be identified. Measurements made near pub-
licly accessible onsite operating areas and along the
Hanford Reach of the Columbia River continued to
show several locations where dose rates were
higher than those attributable to background
sources but were still well below applicable DOE
radiation protection standards. (See “Penetrating
Radiation Monitoring,” Section 3.7.)

Comparison of Measured and Calculated
Concentrations — Calculated environmental radi-
onuclide concentrations were compared to meas-
ured values and were verified as reasonable esti-
mates. A review of monitoring results from other
organizations in Washington State and the Hanford
vicinity showed that radionuclide concentrations
were similar to national ambient simulation levels.
(See “Comparison of Measurements with Calcula-
tions and Other Monitoring Results,” Section 3.8.)

POTENTIAL RADIATION DOSES FROM 1987
HANFORD OPERATIONS

Measured external radiation exposure and calcu-
lated radiation doses to the public from 1987 Hanford
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operations were well below applicable regulatory
limits. The calculated effective dose potentially re-
ceived by a maximally exposed individual (i.e., the
hypothetical individual who receives the maximum
calculated radiation dose using maximum assump-
tions for all routes of exposure) was about 0.05 mrem
for 1987, compared to a dose of 0.09 mrem esti-
mated for 1986. The collective effective dose to the
population residing within 80 km of the Site was 4
person-rem in 1987 compared to 9 person-rem for
1986. These doses are much less than the doses
received from common sources of radiation, such as
natural background radiation. They are also much
less than the recommended DOE radiation protec-
tion standards for protection of the public, which are
an average of 100 mrem/yr for prolonged exposure
and 500 mrem/yr for occasional annual exposure to
a maximally exposed individual. (See “Potential
Radiological Doses from 1987 Hanford Operations,”
Section 4.0.)

QUALITY ASSURANCE

Comprehensive quality assurance (QA) programs
were maintained to ensure that the data collected
were accurate and representative of actual concen-
trations in the environment. Standard quality assur-
ance/quality control techniques were used during
the sample collection, laboratory analysis, data
management, and dose calculation activities. Data
quality was verified by a continuing program of
analytical laboratory quality control (QC), interlabo-
ratory cross-checks, replicate sampling and analy-
sis, and splitting samples with other laboratories.
The QA/QC evaluations documented that the moni-
toring data were valid. (See “Quality Assurance,”
Section 5.0.)
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1.0 INTRODUCTION

K. R. Price

various nuclear and nonnuclear activities have been conducted at the Hanford Site since
1943. The most environmentally significant activities have been the production of nuclear
materials for national defense and the associated chemical processing and management of
waste products. The U.S. Department of Energy (DOE) conducts effluent control, effluent
monitoring, and environmental monitoring at the Hanford Site through contractor organiza-
tions. Results are reported to regulatory agencies and the public to demonstrate compliance
with applicable rules and regulations. An environmental monitoring program has been
conducted at the Hanford Site for the past 44 years. Since 1965, this program has been
conducted by the Pacific Northwest Laboratory (PNL), which is operated for the DOE by the
Battelle Memorial Institute.

Environmental monitoring activities provide for the - Ground-Water Monitoring at the Hanford
measurement, interpretation, and evaluation of Site for Calendar Year (monitoring results
sample data and other types of measurements to for the onsite subsurface environs; discon-
assess current onsite and offsite environmental tinued as of 1984).

impact, to determine compliance with pertinent regu-

lations, and to evaluate the near-term adequacy of  Beginning in 1985, these three reports were com-
onsite waste management practices. Resultsarenot  bined into one document that summarized the data
intended to characterize the Hanford environs for  collected each calendar year. This report includes
long-term waste disposal. The PNL monitoring pro-  information on all samples and measurements made
gram (with the exception of the ground-water moni-  inthe offsite and onsite environment. A brief descrip-
toring) does not include effluent or environmental  tion of the Hanford Site and ongoing operations, the
monitoring within the production or processing ar-  nature of environmental monitoring activities, and
eas, which are operated by another contractor.  the results and interpretation of environmental
Radionuclide monitoring data are collected to as-  monitoring data for 1987 are included. The radiologi-
sess the radiation doses from exposure to current  cal impact of Hanford operations was assessed by
effluent releases and to determine compliance with  calculating the potential radiation dose to people

state and federal regulations. Potential environmen-  living in the vicinity of the Hanford Site.
talimpacts are evaluated, with emphasis onthe most
important environmental pathways. This report emphasizes the radiological status of the

Hanford environment and vicinity. Chemical concen-

Since 1946, environmental monitoring results have  trations in air, Columbia River water, and ground
been recorded in quarterly reports; and since 1958,  water are also discussed. In general, the data were
results have been made publicly available as annual ~ compared to background or control measurements
reports (ground-water monitoring reports began in  taken at distant locations during 1987 and to data
1956). Results in recent years (through 1984) have  obtained during the past 5 years. Section 4.0, en-
been published as separate reports under the titles:  titled “Potential Radiological Doses from 1987 Han-
ford Operations,” discusses an assessment of radio-

. nvir n ill ford § logical doses from the Hanford Site. Potential doses
Calendar Year (monitoring results for the are calculated for a hypothetical maximally exposed
offsite environs) individual and for the local population. The dose

rates at publicly accessible areas are also dis-

. viron | f the Hanford Si cussed.
for Calendar Year (monitoring results for
the onsite environs; discontinued as of Radionuclide data are expressed in terms of curies,
1984) microcuries, picocuries, or attocuries. The curie {Ci)
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is the fundamental unit used to express radioactivity
and defines the amount of a substance present
based on its rate of radioactive disintegration. A
microcurie (uCi) is one millionth (10) of a curie. A
picocurie (pCi) is one millionth-millionth (10-'?) of a
curie. An attocurie (aCi) is one millionth-millionth-
millionth (10-'8) of a curie. Environmental monitoring
results often involve very small numbers that are
best expressed as picocuries or attocuries.

Metric units are used throughout the report. As an
additional aid in expressing small numbers and vari-
able environmental results, data are graphed using
either linear or logarithmic (compressed) scales.
The radionuclides and corresponding symbols com-
monly used in this report are listed in Table 1.1. A
more complete account of radionuclides addressed
by environmental monitoring can be foundin Tables
G.1, G.3 and G.5, Appendix G. Gross alpha and
gross beta results are from screening-type analyses

that measure all alpha- or beta-emitting radionu-
clides in the sample, without specifying the radionu-
clide present.

Chemicals and the corresponding symbols used in
this report are listed in Table 1.2. Because chemical
concentrations are often very low, they are ex-
pressed as micrograms per liter (pg/L) or, occasion-
ally, milligrams per liter (mg/L).

Environmental monitoring data for 1987 are listed in
Appendix A, and a glossary and list of acronyms and
abbreviations are presented in Appendix B. Appli-
cable standards and special permits are describedin
Appendix C. Sample analysis procedures are de-
scribed in Appendix D. Data analysis methods are
summarized in Appendix E. Dose calculation meth-
ods used in 1987 are discussed in Appendix F.
Appendix G contains effluent data as reported by the
operating contractor.

TABLE 1.1.

Radionuclide

Antimony-125
Carbon-14
Cesium-137
Cobalt-60
lodine-129
lodine-131
Krypton-85
Nickel-63
Plutonium-238
Plutonium-239,240
Ruthenium-106
Strontium-90
Technetium-99
Tritium
Uranium (total)
Uranium-234
Uranium-235
Uranium-238

Radionuclide Nomenclature

Symbol

125Sb
14C
137Cs

0Co
129|

131|

8Kr
83N
238py
239,240Pu
1%Ru
©Sr
*Tc

*H

U or uranium
24
235U
28




TABLE 1.2. Elemental and Chemical Constituent Nomenclature

Constituent Symbol
Aluminum Al
Ammonium NH,*
Antimony Sb
Arsenic As
Barium Ba
Beryllium Be
Bicarbonate HCO,
Boron B
Cadmium Cd
Calcium Ca
Carbonate COZ
Chloride Ct
Chromium (species) Cré+
Chromium (total) Cr
Copper Cu
Fluoride F
Iron Fe
Lead Pb
Magnesium Mg
Manganese Mn
Mercury Hg
Nickel Ni
Nitrate NO
Phosphate PO*
Potassium K
Selenium Se
Silver Ag
Sodium Na
Strontium Sr
Sulfate SO2
Vanadium Vv
Zinc Zn
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2.0 BACKGROUND INFORMATION

2.1 DESCRIPTION OF THE HANFORD SITE

K. R. Price, P. J. Mitchell, and M. D. Freshley

The U.S. Department of Energy’s Hanford Site Is located in a rural region of southeastern Washington
and occuples an area of about 1450 km?* The Site (shown in Figure 2.1) lies about 320 km northeast
of Portland, Oregon, 270 km southeast of Seattie, Washington, and 200 km southwest of Spokane,
Washington. The Columbia River flows through the northern edge of the Site and forms part of the
eastern boundary. The southern boundary of the Site includes the Rattlesnake Hills, which exceed
1000 m in elevation. Both confined and unconfined aquifers are present beneath the Site. The main
geologic units are the Columbla River Basalt Group, the Ringold Formation, and a series of
glaciofluvial sediments. The Hanford Project was established in 1943 and was originally designed,
built, and operated to produce plutonium for nuclear weapons.

SURFACE CHARACTERISTICS OF THE SITE

The semiarid land on which the Hanford Site is
located has a sparse covering of desert shrubs and
drought-resistant grasses. The most broadly distrib-
uted type of vegetation on the Site is the sagebrush/
cheatgrass/bluegrass community. Most abundant of
the mammals is the Great Basin pocket mouse. Of
the big-game animals, mule deer is most widely
found, while the cottontail rabbit is the most abun-
dant small-game animal. Coyotes are also plentiful.
Thebald eagleis aregularwinter visitorto the islands
and riparian communities along the Columbia River.

The Columbia River, which originates in the moun-
tains of eastern British Columbia, Canada, flows
through the northern edge of the Hanford Site and
forms part of the Site’s eastern boundary.The river
drains a total area of approximately 70,800 km?
enroute to the Pacific Ocean. Flow of the Columbia
River is regulated by 11 dams within the United
States, 7 upstream and 4 downstream of the Site.
Priest Rapids Dam is the nearest impoundment up-
stream of the Site, and McNary Dam is the nearest
dam downstream. (The Hanford reach of the Colum-
bia River extends from Priest Rapids Dam to the
head of Lake Wallula, which is created by McNary
Dam.) This is the only stretch of the Columbia River
within the United States that is not impounded by a
dam. The width of the river varies from approximately
300 m to about 1000 m. Flow through this stretch of
the river is relatively swift, with numerous bends and
several islands present throughout the reach.
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The flow rate of the Columbia River through the Site
is regulated primarily by Priest Rapids Dam. Flowsin
the Hanford reach fluctuate significantly because of
the relatively small storage capacity and the opera-
tional practices of the nearby upstream dams. A
minimum regulated flow rate of 1000 cubic meters
per second (m¥/s) (36,000 cfs) has been established
at Priest Rapids. Typical daily flows range from 1000
m%/s to 7000 m¥s (250,000 cfs), with peak spring
runoff flows of up to 12,600 m¥s (450,000 cfs).
Typical annual average flows at Priest Rapids Dam
are 2800 m¥/s (100,000 cfs) to 3,400 m%/s (120,000
cfs). Monthly mean flows typically peak from April
through June and are lowest from September
through October.

The temperature of the Columbia River varies sea-
sonally. Minimum temperatures are observed during
January and February, and maximum temperatures
typically occur during August and September.
Monthly temperatures for the river range from ap-
proximately 3°C to about 20°C during the course of
a year. Solar radiation, water storage management
practices at upstream dams, and flow rate of the river
dictate, to a large extent, the thermal characteristics
of the Columbia River along the Hanford reach.

The Columbia River system has been developed
extensively for hydroelectric power, flood control,
navigation, irrigation, and municipal and industrial
water supplies. In addition, the Hanford reach is used
for a variety of recreational activities including fish-
ing, hunting, boating, water skiing, and swimming.
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The State of Washington has classified the stretch of
the Columbia River from the Washington-Oregon
border to Grand Coulee Dam (which includes the
Hanford reach) as Class A and established water
quality criteria and water use guidelines for this class
designation. Because these criteria do not include
specific limits for radionuclides, U.S. Environmental
Protection Agency (EPA) and State of Washington
drinking water limits were used for comparison.
Other surface water on the Site consists of West
Lake (a small, natural pond) and a number of ditches
and artiticial ponds created for routine disposal of
waste water.

Hanford’s climate is dry and mild; the area receives
approximately 16 cm of precipitation annually. About
40% of the total precipitation occurs during Novem-
ber, December, and January; only 10% falls in July,
August, and September. Approximately 45% of all
precipitation from December through February is
snow. The average minimum and maximum tem-
peratures in July are 16°C and 32°C. For January,
the average minimum and maximum temperatures
are -6°C and 3°C.

Monthly average wind speeds range from about 10
km/h in summer to 14 knvh in winter. The prevailing
regional winds are from the northwest, with occa-
sional cold-air drainage into valleys and strong
crosswinds. The region is a typical desert with fre-
quent strong temperature inversions that occur at
night and break during the day, resulting in unstable
and turbulent wind conditions.

Land near the Hanford Site is primarily used for
agriculture and livestock grazing. Agricultural lands

. are found north and east of the Columbia River and

south of the Yakima River. These areas contain
orchards, vineyards, and fields of alfalfa, wheat, and
vegetables. The Hanford Site north of the Columbia
River contains both a state wildlife management
area and a federal wildlife refuge. The northeast
slope of the Rattlesnake Hills along the southwest-
ern boundary of the Site is designated as the Arid
Lands Ecology Reserve (ALE) and is used for eco-
logical research by DOE. The area is also desig-
nated a National Environmental Research Park
(NERP).

The major population center nearest to the Hanford
Site is the Tri-Cities (Richland, Pasco, and Ken-
newick), which is situated on the Columbia River
downstream from the Site and has a population of
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approximately 90,000. Approximately 340,000
people live within an 80-km radius of the Hanford
Site. This number includes people living in the Tri-
Cities, the Yakima area, several small communities,
and the surrounding agricultural areas. More detail
on Site characteristics and activities is available in
the Hanford defense waste environmental impact
statement (DOE 1987a).

SUBSURFACE CHARACTERISTICS OF
THE SITE

The DOE operations onthe Site have resultedinthe
production of large volumes of waste water thathave
historically been discharged to the ground through
cribs, ditches, and ponds. These discharges greatly
influence the physics and chemistry of the subsur-
face. Approximately 2.42 billion liters of liquid efflu-
ent in the 200 Areas were disposed to the ground
during 1987, including process cooling water and
water containing low-level radioactive wastes. Ap-
proximately 0.8 billion liters of liquid effluent in the
100-N Area were disposed to liquid waste disposal
facilities and the sanitary sewer. Discharge of waste
water to the ground at Hanford began in the mid-
forties and reached a peak in 1955. After 1955,
discharge to cribs declined because of improved
treatment of waste streams and deactivation of vari-
ous facilities (Graham et al. 1981). Since restart of
the Plutonium Uranium Extraction (PUREX) Plant
and related facilities in late 1983, discharge of
PUREX-related effluents has resumed.

Subsurtace structures, such as cribs, were primarily
used for the disposal of water containing radioactive
wastes, while surface ponds and ditches were pri-
marily used for disposal of uncontaminated cooling
water (Graham et al. 1981). Sanitary wastes are
discharged to the ground via tile fields. Most liquid
disposal occurred in the separations area, which
includes the 200-East and 200-West Areas (Figure
2.1). Smaller amounts of waste water were disposed
inthe 100 and 300 Areas. Discharges of waste water
to the ground in the 400 Area were minimal.

Geologic and hydrologic properties of the sub-
surface, including stratigraphy and physical and
chemical properties of the host rock, influence the
movement of liquid effluents. The geology and hy-
drology beneath the Site and the physical nature of
liquid effluent movement are described in more detail
in the following sections.



Geology

The main geologic units beneath the Hanford Site
include, in ascending order, the Columbia River
Basalt Group, the Ringold Formation, and a series of
glaciofiuvial sediments informally known as the
Hanford formation. A generalized geologic cross
section of the Site is shown in Figure 2.2.

The Columbia River Basalt Group is a thick series of
basalt flows. The basalts have been warped and
folded, producing anticlines that, in some places,
crop out at the land surface. The Ringold Formation
overlies the basalts except in some localized areas.
This formation consists of fluvial and lacustrine
sediments and is separated into four lithologic units:
basal, lower, middle, and upper. The basal and
middle units consist mostly of semiconsolidated
gravels and sands, whereas the lower and upper
units consist mainly of bedded silts and sands.
Beneath the 200-West Area, sediments of the upper

Ringold Formation have been reworked by the wind
and deposited as a silt layer called the Palouse soil.
The Hanford formation rests atop the Ringold For-
mation or Palouse soil and atop basalts in places
where the Ringold Formation has been removed.
These sediments were deposited by the ancestral
Columbia River when it was swollen by glacial melt-
water. The glaciofluvial sediments consist primarily
of gravels and sands, with some silts (Newcomb,
Strand, and Frank 1972).

Hydrology

Both confined and unconfined aquifers are present
beneath the Site. The confined aquifers where
ground water is under pressure greater than that of
the atmosphere, are found primarily within the Co-
lumbia River basalts. In general, the unconfined or
water-table aquifer is located in the Ringold Forma-
tion and glaciofluvial sediments, as well as some
more recent alluvial sediments in areas adjacent to
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the Columbia River (Gephart et al. 1979). This rela-
tively shallow aquifer has been affected by waste-
water disposal at Hanford more than the confined
aquifers (Graham et al. 1981). Therefore, the uncon-
fined aquifer is the most thoroughly monitored aqui-
fer beneath the Site.

The unconfined aquifer is bounded below by either
the basalt surface or, in places, the relatively imper-
vious clays and silts of the lower unit of the Ringoid
Formation. Laterally, the unconfined aquifer is
bounded by the anticiinal basalt ridges that ring the
basin and by the Yakima and Columbia rivers. The
basalt ridges above the water table have a low
permeability and act as a barrier to lateral flow of
ground water (Gephart et al. 1979). The saturated
thickness of the unconfined aquiferis greaterthan 61
min some areas of the Hanford Site and pinches out
along the flanks of the basalt anticlines. Depth from
the ground surface to the water table ranges from
less than 0.3 m near the Columbia River to over 106
minthe center of the Site. Elevation of the watertable
above mean sea level for June 1987 is shown in
Figure 2.3.

- Recharge to the unconfined aquifer originates from
several sources (Graham et al. 1981). Natural re-
charge occurs from precipitation at higher elevations
and runoff from ephemeral streams, such as Coid
Creek and Dry Creek to the west. The Yakima River
recharges the unconfined aquifer as it flows along
the southwest boundary of the Hanford Site. The
Columbia River recharges the unconfined aquifer
during high stages when river water is transferred to
the aquifer along the river bank. The unconfined
aquifer receives little, if any, recharge from precipi-
tation directly on the Hanford Site because of a high
rate of evapotranspiration from native soil and vege-
tation. However, studies described by Heller, Gee,
and Meyers (1985) suggest that precipitation may
contribute more recharge to the ground water than
was originally thought.

Large-scale artificial recharge occurs from offsite
agricultural irrigation and liquid-waste disposalinthe
operating areas. Recharge fromirrigationin the Cold
Creek Valley enters the Hanford Site as ground-
water flow across the western boundary. Artificial re-
charge from waste-water disposal occurs principally
in the separations area. Recharge to the ground
water from facilities in the separations area (includ-
ing B Pond and Gable Mountain Pond, as well as the
various cribs and trenches in the 200-West and 200-
East Areas) is estimated to add tentimes as greatan
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annual volume of water to the unconfined aquifer as
is contributed by natural inflow to the area from
precipitation and irrigation waters to the west (Gra-
ham et al. 1981).

The operational discharge of water has created
ground-water mounds near each of the major waste-
water disposal facilities in the separations area.
These mounds have altered the local flow patternin
the aquifer, which is generally from the recharge
areas in the west to the discharge areas (primarily
the Columbia River) in the east. Water levels in the
unconfined aquifer have changed continuously dur-
ing Site operations because of variations in the
volume of waste water discharged. Consequently,
the movement of ground water and its associated
constituents has also changed with time.

In addition to the separations area, ground-water
mounding also occurs in the 100 and 300 Areas.
Ground-water mounding in these areas is not as
significant as in the separations area because of
differences in discharge volumes and subsurface
geology. In the 100 and 300 Areas, water levels are
also greatly influenced by river stage.

Liquid Effluent Movement

As significant quantities of liquid effluents are dis-
charged to the ground at Hanford waste disposal
facilities, these effluents percolate downward
through the unsaturated zone to the water table. As
effluents move through the unsaturated zone, ad-
sorption onto soil particles, chemical precipitation,
and ion exchange delay the movement of some
uncomplexed radionuclides, such as ®Sr, ¥’Cs, and
zw2¢0py. Other ions, such as nitrate (NO;), and
radionuclides, such as ®H, *Tc, and '*l, are not as
readily retained by the soil. These constituents move
through the soif column at varying rates and eventu-
ally enter the ground water. Subsequently, the non-
attenuated constituents move downgradient in the
same direction as and at a rate nearly equal to the
flow of ground water. As the constituents move with
the ground water, radionuclide concentrations are
reduced by spreading (dispersion) and radioactive
decay .

MAJOR ACTIVITIES

Four major DOE operating areas exist at the Hanford
Site [i.e., 100, 200, 300, and 400 Areas (Figure 2.1)].
The 100 Areas include facilities forthe N Reactorand
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the eight deactivated production reactors along the
Columbia River. The reactor fuel reprocessing plant
(PUREX), Plutonium Finishing Plant (Z Plant), and
waste-management facilities are on a plateau about
11.3 km from the river, in the 200 Areas. The 300
Area, just north of the city of Richland, contains the
reactor fuel manufacturing facilities and research
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and development laboratories. The Fast Flux Test
Facility (FFTF) is located in the 400 Area, approxi-
mately 8.8 km northwest of the 300 Area.

Privately owned facilities located within the Hanford
Site boundaries include the Washington Public
Power Supply System (Supply System) Hanford



Generating Project (HGP) adjacentto N Reactor, the
Supply System power reactor and office buildings,
and a low-level radioactive-waste burial site oper-
ated by U.S. Ecology. The Advanced Nuclear Fuel
Corp. (formerly Exxon) fuel fabrication facility is
immediately adjacent to the southern boundary of
the Hanford Site.

Former operations by Rockwell Hanford Operations
and UNC Nuclear Industries were consolidated into
a single contract during 1987. Principal DOE con-
tractors at Hanford at the end of 1987 included the
following:

Westinghouse Hanford Company (WHC) —respon-
sible for operating the Hanford Engineering Devel-
opment Laboratory, including the FFTF test reactor,;
fabricating N Reactor fuel and operating N Reactor;
reprocessing fuel and managing waste; decommis-
sioning old facilities; and providing Site support serv-
ices, such as security, fire protection, central stores,
and electrical power distribution.

Battelle Memorial Institute (BMI) — responsible for
operating PNL for DOE. Activities at PNL include re-
search and development in the physical, chemistry,
life, and environmental sciences; and advanced
methods of nuclear waste management. The PNL is
also responsible for environmental monitoring at the
Site.

Kaiser Engineers Hanford Company (KEH) — re-
sponsible for architectural and construction engi-
neering.

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

Boeing Computer Systems Richland (BCSR) —
responsible for computer operations and support
services.

Operational Highlights

The following are highlights of operational activities
at Hanford during 1987:

« The N Reactor operated for 6.4 days and
supplied steam to the Supply System to
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generate 860 megawatts of electrical
power. The short operating time was caused
by a scheduled, extended shutdown of the
reactor to permit work on safety improve-
ment modifications. Since its startup, the N
Reactor has supplied steam for the produc-
tion of over 65-billion kilowatts of electricity
that were supplied to the Bonneville Power
Administration power-grid covering the
Pacific Northwest.

The PUREX Piant fuel reprocessing facility
located in the 200-East Area operated for 2
months during 1987. This is the fourth year
of operation since restart in 1983. The Ura-
nium Oxide Plant (UO,) underwent modifi-
cations and did not operate in 1987. The Plu-
tonium Reclamation Facility at Z Plant oper-
ated for approximately 6 months in 1987.

The FFTF operated successfully during
1987, achieving a 100% operational effi-
ciency factorforthe year. Acapacity factorof
76.5% and an availability factor of 78% also
set new FFTF records. Also forthe first time,
FFTF achieved a 105-day continuous run at
full power. The test reactor was used to pro-
duce radioactive elements for medical and
commercial purposes. Several research
and laboratory facilities operated to support
the FFTF and other Hanford activities.

The 300 Area Fuel Fabrication Facilities,
which produce fuel elements for N Reactor,
did not operate during 1987.

Several retired facilities in the 100 Area
underwent various stages of decommis-
sioning. Cleanup of the 183-H basins pro-
gressed with the cleanout and lining of basin
no. 3. The 183-B water treatment facility and
the 1608-D, -DR, -F, and -H lift stations were
demolished and buried in situ. After demoli-
tion, the sites were backfilled and restored to
the natural contour of the surrounding land.

Work at Hanford during 1987 also included Hanford
NERP and ALE studies, Basalt Waste Isolation Proj-
ect (BWIP) activities, and continued operation of
various national research and laboratory facilities.



2.2 ENVIRONMENTAL MONITORING

K. R. Price

All DOE sites conduct environmental monitoring and report results on an annual basis, according
to DOE Orders 5480.1A and 5484.1. The policy of DOE Is to operate facilities such that radiation
doses to members of the public are maintained as low as reasonably achievable (ALARA)
consistent with technology and assoclated cost and applicable dose standards. A primary
purpose of environmental monitoring Is to estimate and assess radiation doses to individuals
and groups of individuals (a population) who potentially could be 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 potential doses received from Hanford sources to
established standards and to doses received from natural background and fallout radiations.
Another purpose of environmental monitoring is to determine concentrations and assess
potential impacts of nonradiological materials in the environment. A third purpose is to detect
and assess any increasing trends in environmental radiation dose rates and In radioactive and
nonradioactive material concentrations found In various kinds of environmental samples that
may result from Hanford operations. The final purpose Is to Inform the public as well as federal,

state, and local regulatory agencles of changes In the radiological and nonradiological status
of the environment.

SCOPE «  providing information to regulatory agencies

and the public that helps assess operational
The scope of environmental monitoring encom- impacts and identity noteworthy changes in
passes all potential effluents, including chemical and the radiological and nonradiological status
radioactive materials. Monitoring activities are se- of the environment.

lected to be responsive to both routine and potential

releases of effluents according to the severity of  CRITERIA

possible impact on the environment or public health.

Activities also provide afeedback systemtoevaluate  The criteriafor environmental monitoring are derived
the adequacy and effectiveness of containmentand  from requirements set forth in applicable federal,
effluent control systems. The DOE and appropriate  state, and local regulations, and recommendations
facility manager are notified if off-standard condi-  given in the monitoring guide published for use at
tions or adverse trends are detected in the environ-  DOE sites (Corley et al. 1981). These criteria have

ment near operating areas. been applied through the use of critical radionu-
clides, exposure pathways, and exposure rates.
OBJECTIVES Experience gained from environmental monitoring

activities conducted at Hanford for over 40 years has
The objectives of the programinclude the following:  also provided significant support for program plan-

ning and data evaluation.

* assessing environmental impacts to the off-

site public during 1987 from Hanford Site  The primary pathways available for movement of
operations radioactive materials and chemicals from Hanford
operations to the public are the atmosphere, surface
+ verifying that in-plant controls for the con-  water, and ground water. Figure 2.4 illustrates these
tainment of radioactive and nonradioactive  potential routes and the subsequent network of
materials within controlled areas (i.e.,onthe  possible exposure pathways to humans. The signifi-
Site) are adequate cance of each pathway is determined from data and
models that estimate the amount of radioactive
*  monitoring to determine potential buildup of ~ material potentially available to be transported along
long-lived radionuclides in uncontrolled  the pathway and its resultant radiation dose. To
areas (i.e., off the Site) ensure that radiological analyses of samples are
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sufficiently sensitive, minimum detectable concen-
trations of critical radionuclides in air, water, and food
were established and appearin Table D.1, Appendix
D. Minimum detectable concentrations for other
types of samples are also listed.

MONITORING DESIGN

Environmental monitoring at Hanford is designed in
response to specific characteristics of the Site and its
operating facilities. Operating facilities have effluent
control systems to reduce the amounts of materials
released to the environment and systems to meas-
ure the quantities of effluents that are released. The
history of effluent releases from each facility, along
with known biological effects of radiation exposure,
are used to determine what is important to monitor.
Environmental monitoring consists of collecting and
analyzing samples and measuring radiation. Moni-
toring at Hanford is designed to meet the objectives
of the program and is not intended to provide a
detailed radiological characterization of the Site or
the surrounding area.

Environmental monitoring investigates environ-
mental pathways that may contribute to radiation
exposure of the public. Pathways are derived from
the results of studies and observations on the move-
ment of radionuclides through the environment and
through food chains. Pathways are monitored from
nearthe facilities releasing effluents to the location of
offsite residents. The monitoring design at Hanford
uses a stratified sampling approach to monitorthese
pathways. Samples are collected and radiation is
measured according to three zones that extend
away from main onsite operating areas to the offsite
environs.

The first zone extends from operating facilities to the
Site perimeter. Air monitoring stations surround
each operating area because airtransportis a critical
pathway, in terms of the potential, for rapid transport
of radioactive materials off the Site. In addition to air
monitoring, samples of soil, native vegetation, and
wildlife are collected and radiation measured to
determine the effectiveness of effluent controls and
any buildup of radioactive materials from long-term
operations. Onsite road and railroad rights-of-way
and retired waste disposal areas are also monitored.

The second monitoring zone consists of a series of
air sampling stations positioned around the Site
perimeter. Data from these stations document the

levels of radioactivity at the Site boundary. Agricul-
ture is an important industry near the Site; therefore,
milk, crops, soil, and native vegetation are monitored
to detect any influence from Hanford on locally
produced food and farm products. The Columbia
River is included in the second zone. Riverwateris
monitored upstream of the Site and at Richland
where it is used for public drinking water. Water
pumped from the Columbia River for irrigationis also
monitored.

The third monitoring zone consists of communities
and other distant locations within a 80-km radius of
the Site. Monitoring at communities provides a
visible assurance to the public that Hanford effluents
are monitored and radionuclide concentrations re-
corded at populated areas. Distant locations are
also monitored to provide data to compare with data
collected from the Site perimeter and onsite loca-
tions.

The potential radiation dose received by the public
can be estimated from environmental monitoring
data. However monitoring results from the offsite
environs and commuhnities near the Site usually do
not indicate an impact from Hanford operations.
When the monitoring cannot detect a Hanford im-
pact, potential radiation doses to the public are cal-
culated using data from effluent measurements and
computer models. The computer models are spe-
cific to the Hanford Site and vicinity and include local
dietary habits and recreational use of the Columbia
River. These models simulate the movement of
radioactive materials through the environment, food
pathways, and consumption by the public, and the
resulting radiation dose.

ENVIRONMENTAL PROTECTION STANDARDS
AND PERMITS

Operations at the Hanford Site are controlled to
conform to various federal and state standards and
permits. Radiological releases are regulated by DOE
orders pursuant to the Atomic Energy Act, the Clean
Air Act, and the Safe Drinking Water Act. Nonradio-
logical releases are subject to the same state and
federal laws and regulations as any civilian facility.

Environmental radiation protection standards are
published in DOE Order 5480.1A (DOE 1981a). In
1985, DOE issued a revision to this order that
incorporates a system for evaluating and controlling
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radiation exposures to members of the public in
uncontrolled areas. The revision is based on
recommendations of the International Commission
on Radiation Protection (ICRP 1977; 1979-1982).
These revisions are contained in a DOE directive,
“Radiation Standards for Protection of the Public in
the Vicinity of DOE Facilities,” Revision 1,
September 3, 1985. (See Table C.5, Appendix C.)
The standards limit exposure to members of the
public to 100 mrem per year for prolonged
exposures, and to 500 mrem per year for maximum
occasional exposure (not to exceed 5 consecutive
years). These standards also limit whole-body dose
to 25 mrem per year for air pathways, in compliance
with 40 CFR 61, Subpart H (EPA 1983). Dose
calculations reflecting the revised standards are now
calculated using 50-year Committed Dose
Equivalent Factors and Effective Dose Equivalent
Factors. The radionuclide concentration guides for
air and water in DOE Order 5480.1A are no longer
current. Instead, DOE has prepared draft tables of
Derived Concentration Guides (DCG) that are
similar in form to the tables in DOE Order 5480.1A
but reflect the new standard. As stated in DOE Order
5480.1A , DOE is required to cooperate with the
EPA, state, interstate, and local agencies in the
prevention, control, and abatement of environmental
pollution.

Water quality standards for the Columbia River are
implemented by the Washington State Department
of Ecology (WDOE 1982). Of importance to Hanford
operations is the designation of the Hanford reach of
the Columbia River as Class A Excellent. This des-
ignation requires that the water be usable for sub-
stantially all needs, including raw drinking water,
recreation, and wildlife. Class A water standards are
summarized in Appendix C. The Clean Water Act
requires the issuance of permits for liquid discharges
to the Columbia River under the National Poliutant
Discharge Elimination System (NPDES). Eight Han-
ford discharge points have been covered under an
NPDES permit issued to DOE by the EPA. The DOE
has requested a continuation of the permit. This
permit authorizes the release of nonradiological lig-
uid discharges to the river and requires sampling,
monitoring, and reporting for each discharge.

Applicable ambient air quality standards are en-
forced by the Benton, Franklin, Walla Walla Counties
Air Pollution Control Authority. Standards for nitro-
gen dioxide in air are also given in Appendix C. The
Clean Air Act of 1977 requires facilities emitting

pollutants that may affect air quality to have Preven-
tion of Significant Deterioration (PSD) permits. A
PSD permit was issued to the DOE-Richland Opera-
tions Office (RL) by the EPAin 1980 and legally limits
the amount of nitrogen oxides released annually
from the PUREX Plant and the UO, Plant.

The release of chemical wastes to the environment
is restricted by limits described in the Resource
Conservation and Recovery Act (RCRA). Chemical
waste activities on the Hanford Site are regulated
jointly by EPA and WDOE. Waste regulations require
facilities that treat, store, or dispose of chemical
wastes to have permits. Facilities that are known to
have received chemical wastes but do not intend to
continue operations must submit closure and post-
closure permit applications. The DOE has submitted
the appropriate permit applications for active and
inactive facilities seeking closure.

PROGRAM DESCRIPTION

Environmental monitoring provides for the measure-
ment and interpretation of the impact of Hanford
operations on the public and the onsite and offsite
environment. Concentrations of measured radioac-
tive materials are compared to applicable standards,
concentration guides, and natural levels of radiation
and radioactive materials (including worldwide fall-
out). The program is designed to examine all signifi-
cant exposure pathways, including direct radiation
exposure from operating facilities. Radiological
impacts are expressed in terms of radiation ex-
posures. Numerous samples were coliected and
analyzed according to a schedule.

Table 2.1 summarizes the geographic distribution of
sample types and measurement locations.
Schedules, records, and data were maintained in a
computer system. In addition, unscheduled work
was conducted in response to specific needs (see
“Public Information Activities,” in this section).

Laboratory analyses of samples for radioactivity and
chemicals were conducted by U.S. Testing Com-
pany, Inc. (UST), Richland, Washington. Analyses of
environmental dosimeters for penetrating radiation
were performed by PNL. Ground-water sample
analyses were performed by PNL’s analytical labora-
tories, HEHF, and UST. Water quality, temperature,
and flow rates for the Columbia River were deter-
mined by the U.S. Geological Survey (USGS).
Quality assurance (QA) was an integral part of the
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TABLE 2.1. Environmental Sample Types and

Measurement Locations

Sample Locations
3 » [
2 e § E eé
B : E E SE
Sample Types R g 2 28 &8
Air 50 21 14 9 [
Ground Water 563 563 - - -
Columbia River 3 - 2 1
Irigation Water 1 - 1
Drinking Water 8 8
Ponds 4 4 -
Foodstuffs 8 - 5 1 2
Wildlife 10 9 1
Soil & Vegetation 38 15 14
Dose Rate 91 31 45 6
Waste Site Surveys 72 72
Railroad/Roadway Surveys 16 16
Shoreline Survey 14 - 14

program. Details on sampling, analysis, measure-
ment, dose assessments, and QA are discussed in
the sections that foliow.

RELATED PROGRAMS, SPECIAL STUDIES,
AND REPORTS

There are a number of other programs and spegial
studies that relate to sitewide environmental moni-
toring.

Operating Areas Monitoring

The Westinghouse Hanford Company, the operating
and engineering contractor, measures and records
the amounts of liquids, gases, and solids and the
concentrations of radioactivity and hazardous sub-
stances contained in effluents released to the envi-
ronment. Effluent releases reported by the operating
contractor are summarized in Appendix G. The
operating contractor takes environmental measure-
ments near facilities to audit the control of environ-
mental releases and the general conditions of the
local environment around its operations. These
measurements supplement the extensive onsite and
offsite monitoring done by PNL. An annual environ-
mental report is published by WHC.

Drinking Water Monitoring
Drinking water was supplied to DOE-operated facili-

ties on the Hanford Site during 1987 by 19 separate
systems. Fourteen of the systems used Columbia

River water as a raw water source, four systems
used ground water, and one system (Richland
municipal) used a combination of the two. Monitoring
of the drinking water on the Hanford Site was a joint
effort between HEHF and PNL, with HEHF special-
izing in the areas of chemical and microbiological
quality and PNL focusing on radiological quality. The
primary purpose for the surveillance of Hanford Site
drinking water was to determine if the quality of the
water complied with federal and state drinking water
standards. Results of the drinking water surveillance
program are reported annually by HEHF with contri-
butions from PNL (Somers 1988).

Resource Conservation and Recovery Act
Monitoring (RCRA)

Established by the U.S. Congress in 1976, RCRA
requires a comprehensive program to regulate and
monitor the movement of hazardous wastes from
generation to final disposal. One aspect of RCRA
involves ground-water monitoring at waste facilities.
Ground-water monitoring programs designed to
comply with RCRA were conducted at the 183-H
Solar Evaporation Basins in the 100-H Area, the 300
Area Process Trenches, and the Low-Level Waste
Burial Grounds in the 200 Areas. A detection-level,
ground-water monitoring program began in 1986 at
the Nonradioactive Dangerous Waste (NRDW)
Landfill, 3 miles southeast of the 200-East Area. Well
installation at the Solid Waste Landfill immediately
adjacent to the NRDW Landfill, was completed in
1987, after which a detection-level monitoring pro-
gram was initiated. Monitoring activities are de-
scribed in DOE (1987b).

Comprehensive Environmental Response,
Compensation, and Liability Act (CERCLA)
Assessments

The CERCLA, as amended by the Superfund
Amendments and Reauthorization Act of 1986, pro-
vides for liability, compensation, cleanup, and emer-
gency response for hazardous substances released
to the environment and the cleanup of inactive haz-
ardous waste sites, including those sites on federal
installations. CERCLA assessment activities were
performed in 1987 under the Inactive Waste Site
Surveillance Project. Work consisted of identifying,
investigating, and ranking engineered-facility and
unplanned release sites. The Hanford Inactive Site
Surveillance data base was updated to reflect the
current ranking of each site. Level | Remedial
Investigation Work Plans were developed for the
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Strontium Semiworks, liquid-waste disposal sites,
and the 300 Area Process Ponds under DOE Order
5480.1A directives.

Nonradiological Air Monitoring

Nonradiologicat pollutants in atmospheric releases
from chemical-processing plants and fossil-fueled
steam plants at Hanford consisted primarily of nitro-
gen oxides (NO,). The Hanford Environmental
Health Foundation operated a nine-station network
to sample ambient air nitrogen dioxide (NO,) in 1987.
Total suspended particulate monitoring was con-
ducted at the BWIP exploratory shaft site during
1987 and results are summarized in “Air Quality
Monitoring,” Section 3.1.

Wildlife Census

The purpose of the wildlife census was to determine
the population status of a few key wildlife and fish
species that inhabit the Hanford Site. Information on
populations of spawning chinook salmon and nest-
ing Canada geese has been obtained for 33 con-
secutive years. The American bald eagle is a “threat-
ened” species in the state of Washington (U.S. Fish
and Wildlife Service 1986). Aerial censuses of bald
eagles have been obtained since the 1960s. In
recent years, the status of nesting hawks, long-billed
curlews, and great blue herons has been added to
the wildlife census. In general, the conservative use
of the land and water resources of the Hanford Site
has benefited indigenous wildiife species. The num-
ber of spawning salmon has increased in recent
years in response to fishery's management prac-
tices. The number of bald eagles has also increased
because of the increased food supply of spawned-
out, dead salmon. The population of nesting geese
has remained relatively stable. Results of the wildlite
census were reported recently in a scientific journal
(Rickard and Watson 1985).

Public Information Activities
Environmental monitoring personnel participated in

avariety of meetings during 1987 to discuss monitor-
ing results with public interest groups, professional

groups, farm business organizations, and visitors to
the Hanford Site. Special meetings were held with
representatives of the Washingtonwine industry and
eastern Washington legislators concerning '®linthe
environment and with the Farm Bureau and local
farmers concerning uranium in water from eastern
Washington wells, as measured by the Washington
State Department of Social and Health Services
(WDSHS) and PNL.

The final Environmental Impact Statement for Dis-
posal of Hanford Defense High-Level, Transuranic
and Tank Wastes (HDW-EIS) was released in De-
cember 1987 (DOE 1987a). The five-volume, 2000-
page document examines the short- and long-term
risks, costs, and socioeconomic and ecological
impacts of several atternatives for the disposal of
defense wastes located at the Hanford Site. Comple-
tion of the HDW-EIS represents a major step forward
in the decision-making process.

A cooperative effort to sample and analyze water
from the Columbia River and riverbank springs was
conducted againin 1987 by the states of Washington
and Oregon, the EPA, the Umatilla Indian tribe, and
the Hanford Education Action League of Spokane,
Washington. Sufficient samples were collected from
the 100-N Area Springs and the Columbia River to
provide an aliquot to each of the participating agen-
cies or groups (see “Quality Assurance,” Section
5.0).

In December 1987, the Quality Assurance Task
Force, which is sponsored by the WDSHS, con-
ducted a review of the environmental monitoring
programs in the Pacific Northwest. The review was
conducted by a panelof three experts from university
and private consulting organizations. The organiza-
tions whose programs were reviewed included the
states of Washington and Oregon, the Supply Sys-
tem, WHC, PNL, the Nez Perce Tribe, the Confeder-
ated Tribes of the Umatilla indian Reservation, and
the Yakima indian Nation. This review was open to
the public. The panel concluded that the radiation
dose to the public from current Hanford operations
has been adequately assessed and is very low (less
than one millirem per year).
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3.0 ENVIRONMENTAL MONITORING RESULTS

3.1 AIR MONITORING

R. K. Woodruff

The transport by wind of atmospheric releases of radioactive and nonradioactive materials
from Hanford to the surrounding region represents a direct pathway for human exposure. The
radioactive materials In air were sampled continuously on the Site, at the Site perimeter, and
in nearby and distant communities at 50 locations. Particulates filtered from the air at all
locations were analyzed for radionuclides. Air was sampled and analyzed for selected
gaseous radionuclides at selected locations. Nitrogen dioxide was sampled at eight onsite
locations and one offsite location. Total suspended particulates were sampled at one onsite
location.®

Many of the radionuclides released to the environment at Hanford are also found worldwide
from two other sources: those that are naturally occurring and those resulting from worldwide
nuclear weapons testing fallout. Those samples collected at distant community locations
within the region essentially only contained contributions from natural and fallout sources,
as evidenced by comparison to data obtained before restart of the PUREX Plant and by
comparison to EPA data from locations outside the region. The influence of Hanford emis-
sions on local radionuclide levels is indicated by the difference between concentrations
measured at distant community locations within the region and concentrations measured
closer to the Site.

In 1987, the annual average Hanford Site perimeter concentrations of **Kr, uranium, and
200240py were numerically greater than levels measured at distant monitoring stations. These
differences were not significantly different statistically (at the 5% significance level). lodine-
129 was numerically larger at the perimeter stations than at the distant stations and the
difference was significant statistically (beyond the 0.5% significance level). However, even
the maximum individual perimeter sample for any radionuclide was only 0.5% of the
applicable DOE DCG. The total dose from air emissions is comparedto Clean Air Act and Department
of Energy dose standards in the section “Potentlal Radiological Doses from 1987 Hanford Opera-
tions.” Annual average NO, concentrations at all sampling locations remained well below federal and
Washington State ambient air standards.

SAMPLE COLLECTION AND ANALYSIS directions to the south and east of the Site, to char-
acterize concentrations at the boundaries nearest to
Radioactivity in air was sampled by a network of  residences. Continuous samplers located in Benton
continuously operating air samplers at 21 locations  City, Connell, Eltopia, Kennewick, Mattawa, Othello,
on the Hanford Site, 14 near the Site perimeter, 9in Pasco, Prosser, and Richland provided data to
nearby communities, and 6 in relatively distant  characterize air concentrations in the nearest popu-
communities (see Figure 3.1 and Table A.1, Appen-  lation centers. Samplers at McNary Dam and in the
dix A). Airsamplers on the Hanford Site were located distant communities of Moses Lake, Sunnyside,
primarily around the major operating areas to char- Walla Walla, Washtucna, and Yakima provided data
acterize maximumconcentrationsinthe airfromSite  from relatively unaffected locations for comparison.
operations. Site perimeter samplers were located on
all sides, with emphasis in the prevailing downwind ~ Samples were collected according to a schedule
established before each monitoring year. The distri-
(a) Nitrogendioxide andtotal suspendedparticulate  bution of air samples by types is summarized in
sampling and analysis were performed by Table 3.1. Radionuclides in airborne dust were
HEHF. sampled for 2 weeks by continuously drawing air at
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FIGURE 3.1. Air Sampling Locations (see Table A.1, Appendix A, for location key)

aflow rate of 2.6 m¥%h through a 5-cm-diameter high-
efficiency, fiber glass filter.@ (Airborne dust that has
been removed from the air by rain or dry deposition
to the soil or vegetation is contained in soil and
vegetation samples. See “Soil and Vegetation Moni-
toring,” Section 3.6.) The filters were collected every
2weeks, held for 7 days, and analyzed for gross beta
radioactivity. The holding period was necessary to
allow for the decay of short-lived, naturally occurring
radionuclides that would otherwise obscure detec-
tion of the lower levels of longer-lived radionuclides
potentially present from Hanford emissions. The
gross beta measurement provides a current indica-
tion of changes in environmental trends that couid

(@) Measured efficiencies exceed 99% for 0.3-um
particles.

3.2

warrant special attention. In addition, filters from
selected locations were analyzed for gross alpha
radioactivity in a similar manner for the same pur-
pose.

For most radionuclides, the amount present in the
atmosphere that could have been collected on apar-
ticle filter by continuously sampling for 2 weeks was
too small to be measured with the accuracy desired.
Because the accuracy of sample analysis is in-
creased when the sample contains more material,
two biweekly samples were combined into monthly
composite samples for each location. The monthly
composites for a few nearby locations were then
combinedto formageographical composite. (The 24
geographical composites used in 1987 are listed in
Table A.1, Appendix A.) Each of the monthly



TABLE 3.1. Distribution of Air Sample Types by Location

Particulates Gases
Gross Gross 895,908
Locations Beta Alpha %8Py 2920py@  Uranium® 1310) 129] 3H UC  8Kr
Numbers of Locations Sampled
Onsite 21 17 8/21 5/16 7/21 1 6 2 2
Perimeter 14 10 7/14 2/4 5/14 2 8 None 4
Nearby
Communities 9 2 5/9 None 1/9 None 1 None 3
Distant )
Communities 6 2 4/6 2/2 2/6 1 2 2 2

(a) Number of location-composited samples/total number of individual locations contained inthe composites.
Forexample, 7/21 indicates 7 composite groups that are made up of 21 individual locations, or 3 individual
locations per composite on the average. The individual locations making up composite groups are listed

in Table A.1 and shown in Figure 3.1.

(b) Number of locations analyzed routinely/number of locations sampled routinely. (See "Sample Collec-

tion and Analysis," in this section.)

geographical composites was analyzed for 52 gam-
ma-emitting radionuclides (listed on page D.1,
Appendix D), then combined into quarterly com-
posites and analyzed for strontium and plutonium.
Selected quarterly composites were analyzed for
uranium isotopes.

Gaseous '¥'| was sampled by drawing a 2.6 m%h air
flow through a 6.3-cm-dia by 2.5-cm-deep cartridge
containing activated charcoal.® These cartridges
were placed downstream of the particle filter at each
air sampling station. Charcoal cartridges from rou-
tine sampling locations were exchanged biweekly
and analyzed for **'I. Routine sampling is performed
near operating facilities to maximize the potential for
detecting a chronic loss of control, and at distributed
distant locations to determine concentrations at
points of potential higher public exposure. Car-
tridges from additional locations were exchanged
monthly to maintain fresh adsorption media, but
were analyzed only if 13!l was identified in one of the
routinely analyzed samples or if there was any other

(a) Retention efficiencies are 99% for both elemen-
tal iodine and methyl iodide.

3.3

indication of an effluent release that could resultin a
detectable concentration.

lodine-129 was sampled using the same technique;
however, a petroleum-based charcoal was used
because of its lower background concentration.
Samples were collected monthly and combined to
form quarterly composite samples for each of the
four sample locations.

Atmospheric water vapor was collected for °H analy-
sis by continuously passing air through cartridges of
silica gel at a flow rate of 0.014 m%h for 4 weeks. The
collected moisture was removed from the silica gel
and analyzed. The silica gel cartridges were ex-
changed every 4 weeks. Historical *H data for air
moisture at Hanford and other media have been
reported in terms of activity per liter of water. There-
fore, the trend of concentrations since 1982 is shown
inthis sectioninterms of pCi/L of atmospheric water.
Because the DCG is stated in terms of activity per
cubic meter of air, *H results for 1987 are reportedin
pCi/m3 of airin the tables of Appendix A. The compa-
rability of these two measures was demonstrated
previously (Price et al. 1985).



Atmospheric carbon dioxide was collected by con-
tinuously passing air through a soda-lime collection
medium for 8 weeks at a flow rate of 0.028 m¥h. The
trapped carbon dioxide (CO,) was then analyzed for
“C content and the atmospheric concentration cal-
culated.

Samples of air were collected for 8Kr analysis using
a small pump that continuously filled a collection bag
with air at a low flow rate. About 0.3 m? of air was
collected over 4-week sampling periods throughout
the year. The entire sample of air was analyzed for
85Kr.

Nine locations were sampled for NO, by HEHF to
assess onsite and offsite nitrogen oxide concentra-
tions. Nitrogen oxides are primarily released by the
PUREX Plant. The sample locations are depicted on
the map in Figure 3.2 and identified in Table A.12,
Appendix A. The NO, sampling was performed in
accordance with EPA “Designated Equivalent
Method EQN-1277-028" (EPA 1977). The NO,
sampling unit consisted of a bubbler assembly oper-
ated to collect 24-h integrated samples. Total sus-
pended particulate sampling was performed at loca-
tion 10 in Figure 3.2. All sampling was performed in
accordance with the EPA “Reference Method for the
Determination of Suspended Particulate matter in
the Atmosphere,” (EPA 1986a) and Washington
State Air Pollution Regulations “Air Pollution Stan-
dards: Suspended Particulates” (WDOE 1986a).

L Hanford Site
| 4~ Boundary

I
!
.
Z,
G

2
1 1
™~
\, .9

Kilometers )
0 4 8 12 Richland
| = =]
02468 4 Pasco

. Benton ; Y

Miles

City Kennewick

FIGURE 3.2. 1987 Nitrogen Dioxide Sampling
Locations (Numbers 1 - 9) and
Total Suspended Particulate Sam-
pling Location (Number 10)

3.4

RESULTS

Onsite, perimeter, and nearby and distant commu-
nity maximum, minimum, and average concentra-
tions for gross beta and gross alpha radiation are
summarized for all measurement locations in Tables
A.2 and A.3, Appendix A. Maximums, minimums,
and annual averages are summarized for specific
detectable radionuclides, or others of special inter-
est, in Table A.4, Appendix A. Onsite resuits from
each sampling station near the major operating
areas are summarized in Tables A.5 through A.11,
Appendix A. Fifty-two radionuclides were analyzed
in the monthly composite gamma energy analyses
(see Page D.1, Appendix D), but none were consis-
tently detectable.

Results of gross beta and gross alpha radioactivity in
airborne particulate samples at distant and perime-
ter stations are givenin Tables A.2 and A.3, Appen-
dix A. Gross beta levels for 1987, as shown in Figure
3.3, peaked during winter, repeating a pattern of
natural annual radioactivity fluctuations. As shownin
Tables A.2 and A.3, Appendix A, gross beta and
gross alpha levels were about the same on the Site,
at the Site perimeter, and in nearby and distant
communities, indicating that the observed levels
were predominantly a result of natural sources and
worldwide fallout. If Hanford operations had been an
important source, concentrations would have shown
a significant decrease with distance from the Han-
ford Site.

Measurements of #Kr continued to be a sensitive
indicator of PUREX Plant plume behavior. With the
resumption of PUREX Plant operations in 1983,
ambient air concentrations of 8Kr increased at most
sampling locations above the preoperational levels
of about 19 pCi/m3. Concentrations have fluctuated
annually as shown in Figure 3.4, primarily in re-
sponse to changing operating levels. Concentra-
tions in 1987 were lower on the Site and at the
perimeter than in 1986 because of reduced PUREX
Plant operations in 1987. The 1987 distant location
measurements were similar to 1986 measurements
and essentially reflect global background levels.
Figure 3.5 shows the annual average 8Kr concentra-
tions for 1987 at each sampling location. The meas-
urements close to the PUREX Plant show the effect
of the prevailing northwest winds in the 200 Areas:
measurements along the perimeter indicate that
much of the time the stack plume turns toward
Richland before it crosses the eastern Site perime-
ter. This patternis also demonstratedin the historical
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record (Healy et al. 1958) and is consistent with
measured wind flow patterns on the Site. The pe-
rimeter annual average %Kr concentration (34 pCi/m?)
was 0.06% of the proposed DCG of 60,000 pCi/m?.

Strontium-90 data for 1987 (Table A.4, Appendix A,
and Figure 3.6) were similar on the Site, at the
perimeter, and in nearby and distant communities.
Figure 3.6 shows the variation from 1982 to 1987 for
the 200-East Area sample composite, for a sample
composite made up of samples from stations along
the southeast perimeter of the Site and the Tri-Cities,
and for a sample composite from distant
communities. Concentrations in 1987 were lower

35

than in 1986 at these locations and generally
throughout the region. Also shown are the
measurements for two other U.S. locations in
northern latitudes (New York, New York and
Beaverton, Oregon) reported by the DOE
Environmental Measurements Laboratory (EML) as
part of its international fallout monitoring program
(Feely et al. 1985; 1988). The Environmental
Measurements Laboratory discontinued °°Sr
analyses fromtheir program at the end of 1985. Most
of the increase noted in Figure 3.6 for the 200-East
Area composite sample in 1985 was the resuilt of an
inadvertent airborne release from a liquid-waste
diversion box in the C Tank Farm that occurred in
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January [see “Effluents, Waste Disposal and
Unusual Occurrences,” Appendix G (Price 1986)].
The annual average Site perimeter concentration in
1987 (0.00004 pCi/m?) was only 0.0004% of the
applicable DCG (9 pCi/m?3).

Quarterly air sampling for 2| began in July 1984.
lodine-129 was sampled at four locations in 1987
(Figure 3.7). (Because of the low levels of 2|, con-
centrations are reported in aCi/m?® rather than pCi/
m3. One aCi/m®= 0.000001 pCi/m?.) Concentrations
at the perimeter were consistently larger than those
observed at Yakima. Concentrations were variable

and ranged from 157 to 714 aCi/m® at the 200-East
SE location, and from 0.3 to 0.8 aCi/m? at Yakima.
The average onsite concentration decreased from
1986 to 1987. The reported distant measurements
were essentially unchanged from 1986 to 1987. The
annual average 'l concentration at the perimeter
(2.7 aCi/m?) was only 0.000004% of the DCG of
70,000,000 aCi/m? (70 pCi/m?3).

Average 3H concentrations (expressed in pCi/m® of
air) measured at the Site perimeter and off the Site
were similar (Table A.4, Appendix A). Onsite con-
centrations were highest at the sampling locations
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immediately downwind of the PUREX Plant, and the
onsite average concentration was higher than the
offsite average. Figure 3.8 traces the annual trend of
H concentration in pCi/L of atmospheric water vapor
fortwo onsite and two downwind perimeter locations,
and the average of two distant community locations.
The effect of the restart of the PUREX Plantin 1983
on air ®H concentrations is clear at the 200-East SE
sampling location. There appears to be no effect in
either the distant communities or Richland. Concen-
trations at distant locations are comparable to con-
centrations in surface water across the nation (EPA
1982a-1987c). The annual average concentration at
the Fir Road location on the southeast perimeter
appears larger than the concentration at the 200-
East SE location (nearer the source) and distant
locations. The Fir Road location concentration ap-
pears greater than the 200-East SE concentration
because at these low concentrations the variability
and uncertainty of each of the annual averagesis on
the order of 100-200 pCi/m®. The annual average
perimeter concentration of *H in air (1.9 pCi/m?) was

only 0.001% of the proposed DCG of 200,000 pCi/m?,

Air concentrations of 2924°Py in 1987 were similar to
those measuredin 1986. The annual averages of all
onsite, perimeter, and near and distant community
samples are shown in Table A.4, Appendix A. The
1987 perimeter and distant community averages
were similar. The annual average concentration of
239240py (0.5 aCi/md) at the Site perimeter was less
than 0.003% of the DCG (20,000 aCi/m?).

The most recent regional data for 2°%2°Py reported
by the EPA for Seattle, Spokane, and Portland for
1982 through 1986 (EPA1982a-1987c) are
compared in Figure 3.9 with measurements at the
Hanford southeast perimeter and Tri-Cities
composite locations. Local measurements were
obtained from the routine monitoring program and a
special purpose 300 Area high-volume air sampler.
The 300 Area high-volume air sampler has operated
since 1961, independent of the routine program, to
collect high-volume samples and higher-precision
measurements of worldwide fallout radionuclides.
This comparison indicates that the perimeter
concentrations of 2°249Py in the predominant
downwind flow direction in 1987 were similar to
regional levels in recent years. The decrease in the
southeast perimeter and Tri-Cities composite
concentrations in 1984 and after was due in part to
the implementation of a more sensitive and precise
analytical technique in 1984. A further decrease in
1986 followed the installation of additional source
controls at the PUREX Plant in late 1985.

Uranium concentrations in airborne particulate mat-
ter in 1987 were higher at the perimeter than at the
distant communities (Table A.4, Appendix A), an
increase from 1986. The perimeter and year-to-year
increases resulted fromincreased levels north of the
300 Area. The maximum annual average concentra-
tion (0.00017 pCi/m?®) at a perimeter location (com-
posite of map locations 25 and 26, Figure 3.1) was
0.17% of the DCG of 0.1 pCi/m3.
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] Fir Road (Location 25, Figure 3.1)
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Annual Average Tritium (*H) Concentrations (pCi/L of water) in Atmospheric

Water Vapor, 1982 Through 1987
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Ruthenium-106, '3'l, and '*’Cs were routinely moni-
tored through monthly composite gamma. energy
analyses. Detectable levels were observed in 1986
during the Chernobyl plume passage, but were de-
tected infrequently in 1987. The results obtained for
1987 areincludedin Tables A.4 and A.6 through A.8,
Appendix A. The annual average '®Ru, '*'l, and '¥'Cs
concentrations at the perimeter were less than
0.01% of their DCGs.

The comparisons discussed in the above para-
graphs are based on the measured numerical results
without takinginto account the uncertainty inthe data
or their averages. However, statistical analyses of
the monthly and quarterly composite particulate data
and the gaseous radionuclide data were conducted
to take such uncertainty into account when evaluat-
ing the effect of Hanford operations on the environ-
ment. Acomparison was made betweenthe average
distant community concentrations, which represent
natural and worldwide faliout sources, and the aver-
age at the perimeter of the Hanford Site, which
represents natural and worldwide fallout sources
and any Hanford contributions. This analysis indi-
cated that in 1987, the average Hanford Site perime-
ter concentrations of °H, 8°Kr, uranium, and 2% 24Py
were numerically greater than levels measured at
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distant monitoring stations. These differences were
not significantly different statistically (at the 5% sig-
nificance level). lodine-129 was numerically larger at
the perimeter stations than at the distant stations,
and the difference was statistically significant (be-
yond the 0.5% significance level).

Nitrogen dioxide data collected in 1987 (Table A.12,
Appendix A) indicated that the highest annual aver-
age (<0.008 ppm) was observed at the 100-D and
Wye Barricade sampling locations (Figure 3.2, map
location numbers 4 and 7). The Wye Barricade also
had the highest average from 1984 through 1986. All
locations were below the applicable federal and
Washington State annual average ambient air stan-
dard for NO,, which is 0.05 ppm.

Total suspended particulates were sampled near the
200-W Area (Figure 3.2, map location 10) during
1987. Monthly averages ranged from 7.5 to 64.0 ng/
m?. The annual average was 33.0 pg/m?, well below
the federal and state standards of 75 and 60 pg/m®
annual geometric mean, respectively. The monthly
24-h maximum sample ranged from 10 to 91 pg/m?®;
federal and Washington State 24-h maximum stan-
dards are 150 and 260 pg/m?, respectively.



3.2 GROUND-WATER MONITORING

J. C. Evans, R. W. Bryce, D. I. Dennison, and P. J. Mitchell

Radiological and chemical constituents In ground water were monitored during 1987
throughout the Hanford Site in support of the overall objectives described in “Environmental
Monitoring,” Section 2.2. Monitoring activities were conducted to 1) determine the distribu-
tion of mobile radionuclides and NO,, 2) relate the distribution of these constituents to Site
operations, and 3) identify chemicals In ground water as a result of Site operations. Additional
monitoring was conducted by PNL to assess the impact that specific facilities have had on
the ground-water quality to comply with RCRA (DOE 1987b). The evaluation of the quality of the
ground water in the 200 Areas and surrounding region was conducted by PNL for WHC. This
evaluation is to ensure compliance with DOE monitoring guidelines, to assess the performance of
waste disposal and storage, and to determine the impacts of operations on the ground water
(Serkowski et al. 1988). Samples from a total of 563 wells, primarily open to the unconfined (shallow)
aquifer, were collected and analyzed during 1987.

Analytical results for samples were compared to EPA drinking water standards (DWS)
(Tables C.2 and C.3, Appendix C) and DOE's DCG (Table C.6, Appendix C). These standards
were written for drinking water and while none of the wells discussed in this section are
drinking water supply wells, they provide a basis for evaluating levels of contamination.
Ground water beneath the Hanford Site is used for drinking at four locations, as described
in “Potential Radiological Doses from 1987 Hanford Operations,” Section 4.0.

Radiological monitoring results Indicate that gross alpha, gross beta, 3H, ®Co, Sr, *Tc,
'“Ru, '58b, |, ¥, and Cs concentrations near operating areas were at levels above the
DWS. lodine-131 in the 100-N Area and 2*U and 22U In the 200-West Area was above the
DCG. Tritium In the 200 Areas and ®Sr in the 100-N and 200-East Areas were also above the
DCG. Tritium continued to move slowly with the general ground-water flow and discharge to
the Columbia River. Certain chemicals regulated by the EPA and the State of Washington
were also present In Hanford ground water near the operating areas. Nitrate concentrations
resulting from Site operations exceeded the DWS at isolated locations in the 100, 200, and
300 Areas and in the 600 Area southwest of the old Hanford townsite. Chromium concentra-
tions were above the DWS at 100-D, 100-H, and the surrounding area. Cyanide was detected
in ground water in and north of the 200-East Area. Fluoride was above the DWS in a few wells
in the 200-West Area. Carbon tetrachloride was above the DWS in wells in the 200-West Area.

The primary source of ground-water contamination Is liquid waste released to the soil column
by past and ongoing Site operations. Both active and inactive waste disposal sites
contributed to the radionuclide and chemical contamination detected.

SAMPLE COLLECTION AND ANALYSIS

Ground-water samples were collected for radiologi-
cal analysis from 563 monitoring wells during 1987.
These samples were collected as part of the Site-
wide ground-water monitoring program and numer-
ous projects to assess the impact that specific facili-
ties have had on the ground-water quality. Facility-
specific monitoring was conducted at the 183-H
Solar Evaporation Basins in the 100-H Area, the
1301/1325-N Liquid Waste Disposal Facility

(LWDF) in the 100-N Area, the 300 Area process
trenches, the NRDW Landfill, the Solid Waste
Landfill (SWL), and the Transportable Grout Facility
(TGF) to comply with RCRA (DOE 1987b). The
NRDW Landfill and the SWL are identified as the
Central Landfillin Figure 3.10. The TGF is located in
the 200-East Area. Additional monitoring was con-
ducted by WHC to evaluate the quality of the ground
water in the 200 Areas and surrounding region to
ensure compliance with WHC and DOE monitoring
guidelines, to assess the performance of waste
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disposal and storage, and to determine the impacts
of operations on the ground water (Serkowski et al.
1988). Most samples were analyzed for *H and
NO,. Selected samples were subjected to more ex-
tensive radiological analysis by alpha-, beta-, and
gamma-counting techniques, in many cases accom-
panied by selective radiochemical separations. The
radiological monitoring network is shown in Figure
3.10. Well locations for the 200-East and 200-West
Areas are identified in Figures 3.11 and 3.12.

A subset of the radiological monitoring network was
used for Site-wide chemical monitoring. Chemical
sampling wells were selected primarily for their prox-
imity to known active and inactive chemical disposal
sitesinthe 100, 200, 400, and 600 Areas and based
on known waste inventories (DOE 1986). The 600
Area is that area inside the Hanford Site boundary
but outside all other designated areas. Only wells
containing submersible pumps were selected for
chemical sampling to allow sufficient purging of wells
prior to sample collection.
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Inthe first quarter of 1987, 46 wells were sampled for
chemical constituents. This effort was expanded in
the second quarter to include 132 wells, including 19
wells co-sampled on a one-time-only basis as part of
the DOE-Headquarters environmental survey of the
Hanford Site. During the third quarter, 121 wellswere
monitored; 102 wells were sampled in the fourth
quarter. The sampling in the fourth quarter included
some wells not previously sampled, while a number
of wells that showed no significant contamination
after three sampling periods were dropped from the
network. To avoid redundancy, areas covered by
ground-water monitoring for RCRA compliance

200-West Area Monitoring Well Locations

(EPA 1986b), such as the 300 and 100-H Areas,
were not included in the Site-wide chemical
monitoring network. However, chemical data from
all ground-water monitoring programs onthe Site are
included in a single data base for purposes of
interpretation. Chemical data were gathered on 293
wells during 1987, including wells comprising the
RCRA compliance networks. Table 3.2 summarizes
the number of wells sampled, the number of samples
collected, and the results obtained during 1987.

Samples fromwells selected for chemical characteri-
zation were extensively analyzed. The methods
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TABLE 3.2. Number of Wells Sampled, Samples Collected, and Analytical Results for Ground-

Water Monitoring Programs in 1987

Number of
Samples Collected

Number of
Analytical Results

Number of
Area Wells Sampled
100 86
200 164
300 49
400 7
600 257
Total 563@

497 27,246
1,008 22,298
322 17,247
23 453
1,118 26,273
2,968 93,517

(@) Total of samples collected for Site-wide, for RCRA compliance, and for compliance
with WHC and DOE monitoring guidelines.

used for chemical analysis conform to guidelines set
forth by the EPA (1982). Analyses for which EPA
guidelines were not available were performed in
accordance with other written procedures identified
in Table D.2, Appendix D. Analytical techniques
used are described in “Analytical Procedures and
Sampling Summary,” Appendix D. All analyses were
performed by UST. A list of the species covered by
the analytical program is presented in Table 3.3.

Most ground-water monitoring wells on the Site are
15 or 20 cmin diameter, and are constructed of steel
casing. Several small-diameter (5-cm) wells are
sampled for radionuclides only. Monitoring wells for
the unconfined aquifer are completed with well
screens or perforated casing generally in the upper
3 to 6 mof the aquifer. Completion at the water table
allows samples to be collected near the top of the
aquifer where maximum concentrations for some
radionuclides were measured at a few locations at
the Hantford Site (Eddy, Myers, and Raymond 1978).
Confined aquifer monitoring wells have screens or
perforated casing within the monitored aquifer.

Samples were collected following internally docu-
mented sampling procedures based on EPA guide-
lines (EPA 1986b). Wells fitted with submersible
pumps (0.63 L/s) were sampled after pumping for a
sufficient time (at least 20 min) to allow temperature,
pH, and specific conductivity to equilibrate. This
purging ensured that stagnant water in the well was
removed, allowing collection of a sample that was
representative of the ground water near the well.
Specific conductance and pH were measured in the
field at the time of sample collection. Samples for

volatile organic analyses were taken with zero head
space and sealedimmediately with a septum-sealed
cap. Forfiltered trace metals, a disposable, 0.45-um
pore-sized filter pack was connected to a Teflon®
sampling line. The filter was purged with 500 mL of
well water, and then a sample was collected in a
plastic bottle. Trace metal samples and some radio-
chemical samples were preserved by acidification at
the time of collection. All samples were placedinice
chests immediately after sampling and transferred
the same day or early the next day to the laboratory
forimmediate analysis of species with short holding
times (e.g., for NO, and volatile organic analyses).
Samples were stored at 4°C from time of sampling
until they were analyzed. All samples were tracked
by chain-of-custody procedures from sampling
through analysis and disposal.

RESULTS

Detailed discussions of monitoring results for 1987,
including tables of all results for each well and
constituent, are reported by Evans, Mitchell, and
Dennison (1988) and Evans et al. (1988). Tables of
all results for 1987 are also available for review atthe
DOE-RL Public Reading Room in the Federal
Building, Richland, Washington. Highlights of those
results are discussed below. Summary tables of
selected constituents are included in Tables A.13

(a) Teflonis a registered trademark of E. I. du Pont
de Nemours and Company, Wilmington, Dela-
ware.
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TABLE 3.3. Radionuclides and Chemicals Analyzed for in Site-Wide
Ground-Water Monitoring Program

Radiological Parameters

Gamma Scan
®Co
103Ru
106Ru
125 Sb
131|
137CS

241Am

*H

“C

&N

8Sr

0Sr

bl [

129

Uranium Isotopes
Uranium (total)

Plutonium Isotopes

Chemical Parameters

pH (field and laboratory)
Conductance (field)
Alkalinity

Total Carbon

Total Organic Carbon
Total Organic Halogens
Be, Na, Mg, Al K

Ca, V, Cr,Mn, Fe

Ni, Cu, Zn, Sr, Ag

Cd, Sb, Ba

F-, Cl, NO,, SOzZ, PO*
As, Se, Pb

Hg

CN

NH

3

Volatile Organics

Semivolatile Organics

through A.23, Appendix A. Ground-water monitoring
informationforthe 200 Areas and surrounding region
is reported by Serkowski et al. (1988) and for drinking
water supplies on the Hanford Site by Somers
(1988). Tables presented by Serkowski et al. contain
some of the same data that this report presents.
Average concentrations may be different because
the average of all data for a single constituent for
each well is presented in tables in Appendix A and
Serkowski et al. present only data collected by their
program.

Concentrations of radionuclides and chemicals were
compared to the EPA’'s DWS and DOE’s DCG

(Tables C.2,C.3, and C.6, Appendix C). Those stan-
dards were written for drinking water and while none
of the wells discussed are drinking water supply
wells, they provide a basis for evaluating levels of
contamination. Drinking water supply wells are dis-
cussed in “Potential Radiological Doses from 1987
Hanford Operations,” Section 4.0. The DWS are
more restrictive than the DCG because the DWS are
based on an annual dose to the affected organ of 4
mrem per year, while the DCG are based on an
effective dose equivalent of 100 mrem per year (see
“Applicable Standards and Permits and Environ-
mental Compliance Documentation,” Appendix C).
DCGs are only available for radionuclides.
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Radiological Monitoring Results for the Uncon-
fined Aquifer

Selection of radiological constituents to be moni-
tored at the Hanford Site was based on known waste
management practices. Table 3.4 identifies major
ground-water constituents associated with Site
operations. Radiological monitoring results for °H,
gross alpha, gross beta, ®Co, %Sr, ¥T¢, %Ry, '25Sb,
129], 131, 1%7Csg, and uranium are discussed below.
Results of radiological analysis are compared to the
EPA’'s DWS and to the DOE’s DCG.

Tritium is known to be present in waste streams
discharged to the soil column by Site operations.
Tritium also appears to be the most mobile radionu-
clide at the Site. As a result, *H reflects the extent of
contamination in the ground water from Site opera-
tions. Figure 3.13 illustrates the 1987 distribution of
®H concentrations in the unconfined aquifer, result-
ing from over 40 years of Site operations. Contours
of *H concentrations were based on the analysis of
ground-water samples collected from monitoring

wells. For each well, an average value of up to 13°H

measurements was used. A summary of 3°H concen-
trations in wells sampled during 1987 is presented in
Table A.13, Appendix A.

Trittum concentrations greater than the 20,000-
pCi/L DWS were detected in portions of the 100-B,
100-D, 100-F, 100-K, 100-N, 200-East, 200-West,
400, and 600 Areas. Concentrations greaterthanthe
2,000,000-pCi/lL. DCG were detected only in the
wellsin the 200-East Area and in one wellin the 200-
West Area. Well 199-K-30 continued to contain the
highest ®H concentration within the 100 Areas, with a
maximum concentration of 1,300,000 pCi/l.

The highest °*H concentrations in the 200-East Area,
and throughout the Hanford Site, continued to be
found in wells near cribs that have received effluents
from the PUREX plant. Tritum concentrations

greater than the DCG were present in wells near the
216-A-10, 216-A-36B, 216-A-37-1, and 216-A-45
cribs. Tritium concentrations exceeding the DWS
continued to be measured in most of the other wells
near these cribs.

The movement of the widespread *H plume (see
Figure 3.13) that extends from the southeastern
portion of the 200-East Area to the Columbia River
was consistent with the patterns noted earlier (PNL
1987, Evans et al. 1988). Separate °*H pulses asso-
ciated with the two episodes of PUREX operations
can be distinguished in the 3H plume. The 200,000-
to 2,000,000-pCi/L lobe east of the 200-East Area
near the Columbia River is a result of discharges to
ground water during the operation of PUREX from
1956 to 1972. Following an 11-year shutdown, op-
eration of PUREX began againin 1983. Elevated *H
concentrations measured inseveral wells (e.g., wells
699-32-43, 699-33-42, and 699-36-46) downgradi-
ent from the 200-East Area represent the formation
of a second pulse of *H moving away from PUREX
waste disposal facilities.

The general direction of movement of the eastern
portion of the plume continues to be to the east-
southeast toward the Columbia River. The migration
of the plume continued farther to the south, as
indicated by increased *H concentrations in wells
near the 300 Area. The configuration of the western
portion of the plume appears to closely match
previous predictions of the direction of contaminant
movement from the 200-East Area (Freshley and
Graham 1988). Movement to the south may be
enhanced by the spreading ground-water mound
beneath B Pond. This mound is spreading as a result
of increased discharge of process cooling water to B
Pond since 1984,

The movement of *H plumes in the 200-West Area
was also consistent with previous observations. The
plume that extends from nearthe reduction oxidation

TABLE 3.4. Major Chemical and Radiological Ground-Water Contaminants
and Their Link to Site Operations

Facilities Type » Area

Reactor Operations
Irradiated Fuel Processing
Plutonium Purification
Fuel Fabrication

Constituents
100 3H, 8Co, *Sr, Cré+
200 3H, 137Cs, 129, ® T, NO,, CN-
200 CCl,
300 Uranium, Cré+
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(REDOX) plant in the southern part of the 200-West
Area continued to move slowly to the east and north.
Well 299-W22-9 continued to be the only well in the
200-West Area with *H concentrations greater than
the DCG. The maximum concentration in this wellin
1987 was 8,070,000 pCi/L. Tritium concentrations in
nearby wells within the 200-West Area and in the
adjacent 600 Area remained above the DWS and
were relatively constant throughout 1987. Move-
ment of the 3H plume that extends north and east
from REDOX was indicated by changes in the *H
concentrations in several wells in the plume. Con-
centrations in well 699-35-70 continued to decrease,
indicating that peak concentrations have moved
beyond this well. Concentrations in wells near the
center of the plume remained relatively constant,
while concentrations in well 699-40-62 continued to
increase as the plume moves northward. The north-
ernmost extent of the plume appeared to be in the
vicinity of well 699-40-62. Well 699-44-64, north of
well 699-40-62, continued to contain *H concentra-
tions near the 300-pCi/L detection limit.

Gross alpha concentrations were detectedin ground

water from wells in several areas, and could be
attributable to the presence of isotopes of plutonium
and/or uranium. However, plutonium concentrations
in wells sampled during the year were all below the
detection limit reported by UST. The DWS for gross
alphais 15 pCi/L, notincluding uranium. Those wells
in the 100-F, 200, and 300 Areas in which the gross
alpha exceeded 15 pCi/L all contained uranium in
concentrations that would account for the gross
alpha concentration detected. Several wells in the
100-H and 100-N Areas also contained gross alpha
concentrations exceeding the DWS. Although a few
wells in the 200-East Area remained somewhat
above the DWS, gross alpha concentrations in most
wells in the 200-East Area were very low. The
highest gross alpha concentrations measured on the
Site continue to be in wells adjacent o the inactive
216-U-1 and 216-U-2 cribs. Concentrations in those
wells continued to decrease slowly overthe last year.
All wells adjacent to the 216-U-1 and 216-U-2 cribs
contained uranium concentrations that would ac-
count for the gross alpha concentrations detected. A
plot of the gross alpha concentrations at well loca-
tions is shown in Figure 3.14. A summary of uranium
concentrations in wells sampled during 1987 is pre-
sented in Table A.16, Appendix A.

Gross beta concentrations greater than the 50-
pCi/L DWS were found in wells throughout the Site.

Gross beta concentrations can commonly be attrib-
uted to the presence of one or more of the following
radionuclides in the ground water: 8Co, %Sr, “Tc,
128h, 7Cs, 24Th + 2*Pa (uranium daughters), and to
alesser extent '#1. Occasionally, some shorter lived
beta emitters, such as 3], are also detectable. Trit-
ium is not normally detected by the method used for
assay of gross beta. The beta activity appears in
most cases to derive from a combination of uranium
and ®Tc activity. The only exceptions are some of the
wells in the 100-N Area and a few wells in the 200-
East Area that contain %Sr at concentrations high
enough to be detected with the gross betatechnique.

Although gross beta concentrations greater than the
DWS were widespread, the highest concentrations
were found in wells near several waste disposal
facilities in the 100-N, 200-East, and 200-West
Areas, andinthe 600 Area adjacent to the 200 Areas.
Wells in the 200-East Area that contained highest
gross beta during 1987 reflect past disposal of liquid
waste to the inactive 216-B-5 reverse well, BY-cribs,
andcribs near PUREX. Gross beta concentrations in
well 299-E28-23 (15,700 pCi/L) near the 216-B-5
reverse well were the highest measured on the Site
during 1987. Wells near the 216-B-5 reverse well all
contained elevated concentrations of %Sr, and two
wells also contained measurable '¥’Cs. The 216-B-5
reverse well received an estimated 27.9 Ci of %Sr
and 31.8 Ci of "¥’Cs (both values decayed through
April 1, 1986) during its operation from 1945 to 1947
(DOE 1986). The BY-cribs received U Plant waste.
Wells monitoring the BY-cribs showed gross beta
concentrations greater than the DWS, ranging from
62 to 1010 pCi/L. The BY-crib monitoring wells
generally contained ®Co and % Tc.

The highest gross beta concentrations in the 200-
West Area were found in wells near U Plant. Gross
beta concentrations in wells near the 216-U-1 and
216-U-2 cribs remained above the DWS, but are
generally decreasing. Gross beta concentration in
these wells is dominated by uranium daughters.
Gross beta concentration remained above the DWS
in several wells near Gable Mountain Pond. These
wells contain relatively high concentrations of %S,
which would account for the gross beta concentra-
tion measured. The distribution of gross beta con-
centration at well locations is shown in Figure 3.15

Concentrations of ¥Srwere above the 8 pCi/L. DWS
in wells in the 100-B, 100-N, 200-East, 200-West,
300, and 600 Areas. Only in the 100-N Area were
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concentrations of ¥Sr greater than the 1000-pCi/L  All®Co results were near or below the detection limit
DCG, ranging fromthe detection levelto 10,400 pCi/ (20 pCi/L), except in the 100-N Area and in isolated
L. As in past years, ¥Sr concentrations above the  portions of the 200-East Area and adjacent 600
DWS but less than the DCG were detected inseveral  Area. Concentrations of ®Co were greater than the
wells near Gable Mountain Pond. A summary of *Sr  100-pCi/L DWS in several wells near the 1325-N
concentrations in wells sampled during 1987 is pre-  LWDF; none exceeded the 5000-pCi/L DCG.
sented in Table A.17, Appendix A.
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An extensive program to analyze ground-water
samples for ¥Tc was initiated in May 1987. Concen-
trations greater than the 900-pCi/L DWS were de-
tectedinwellsinthe 100-H, 200-East, and 200-West
Areas and in portions of the 600 Area. None of the
wells had concentrations exceeding the 100,000-
pCi/L DCG. The highest concentrations of ®Tc onthe

Site were measured in well 699-50-53, with a maxi-
mum concentration of 29,100 pCi/L. Well 699-50-53
is located north of the BY-cribs outside the 200-East
Area. A summary of *Tc¢ concentrations in wells
sampled during 1987 is presented in Table A.18,
Appendix A.
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Because of its short half-life (367 days), '®Ru is
principally detected in wells located in areas near
operating reactors or fuels reprocessing facilities,
such as the 100-N Area and the 200-East Area near
PUREX. Concentrations in wells in the 100-N Area
generally declined in 1987, with concentrations in
most wells falling below the 30-pCi/L DWS. Simiilarly,
concentrations in wells near LWDFs receiving efflu-
ents from PUREX decreased, although wells 299-
E17-5 and 299-E24-2 remained above the DWS.

Antimony-125 ('25Sb), a gamma emitter, was meas-
ured in 100-N Area wells near the 1325-N LWDF.
Results ranged from 50 to 305 pCi/L, and were
generally slightly less than those reported in 1986.
The DWS for '25Sb is 300 pCi/L, and the DCG is
60,000 pCi/L.

The presence of '@l in ground water is significant,
primarily because of its relatively long half-life (16
millionyears), its potential foraccumulationinthe en-
vironment as a result of long-term releases from
nuclear fuel reprocessing facilities (Soldat 1976), its
relatively low DWS (1 pCi/L.),and because it is man
made. On the Hanford Site, the main contributor of
129} to the ground water has been liquid discharges to
cribs in the 200 Areas. Samples from three wells in
the 100-N Area were analyzed for '], and all con-
tained concentrations at least 50 times less than the
DWS. Samples from 6 wells in the 200-East Area, 7
wells in the 200-West Area, and 12 wells in the 600
Area were also analyzed. Thirteen wells showed 2|
concentrations greater than the DWS, but less than
the DCG (500 pCi/L). A summary of '2| concentra-
tions in wells sampled during 1987 is presented in
Table A.19, Appendix A.

Because '¥'| has a short half-life, it was only detected
near discharge locations (100-N Area wells). Con-
centrations in samples takenin January 1987in 100-
N Area wells ranged from 309 to 28,600 pCi/L. The
DWS for ¥ is 3 pCi/L, and the DCG is 3000 pCi/L.
lodine-131 was not detectedin any 100-N Areawells
during the latter part of 1987 because none was
discharged to ground water as a result of the shut-
down of N Reactor.

Concentrations of '¥Cs were below the detection
limit (22.5 pCi/L) in all wells, except two wells located
near the 216-B-5 reverse well. The 216-B-5 reverse
well received an estimated 31.8 Ci of '¥Cs (decayed
through April 1, 1986) during its operation from 1945
to 1947 (DOE 1986). The DWS for '¥Cs is 200
pCi/L, and the DCG is 3000 pCi/L.

A measurable plume of uranium exists inthe uncon-

fined aquifer beneath the 300 Area in the vicinity of
uranium fuel fabrication facilities and near inactive
waste sites known to have received uranium waste
(Figure 3.16). The extent of the plume was limited to
an area downgradient from active and inactive
LWDFs. Average uranium concentrations in wells in
and adjacent to the 300 Area ranged from 2 to 310
pCi/L (see Table A.16, Appendix A). These concen-
trations were similar to those measured in 1986.
Samples from some wells were also analyzed for
isotopic uranium (see Table A.16, Appendix A).

Chemical Monitoring Results for the Unconfined
Aquifer

Chemical monitoring in 1987 revealed a number of
chemical contaminants traceable to Hanford opera-
tions. While the extensive distribution of NO," from
Hanford operations is documented in past reports,
some of the other chemical results represent new
findings. Species of interest include NO,, cyanide,
chromium, fluoride, carbon tetrachloride, and other
volatile chlorinated hydrocarbons.

Although NO, is associated with process conden-
sate liquid wastes, other liquids discharged to the
ground also contain NO,". Nitrate contamination in
the unconfined aquifer reflects the extensive use of
nitric acid in decontamination and chemical reproc-
essing operations. Nitrate, like *H, can be used to
help define the extent of contamination because
NO, is present in many waste streams and is mobile
in ground water. The distribution of NO, on the Han-
ford Site is illustrated in Figure 3.17.

Most ground-water samples collected during 1987
were analyzed for NO,. Nitrate was measured at
concentrations greater than the DWS (45 ppm as
NO, ion) inwells in all operational areas, except for
the 100-B and 400 Areas.

The highest NO,  concentrations in the 200-East
Area continued to be found near LWDFs that re-
ceived effluent from PUREX operations. A maximum
concentration of 443 ppm was observed near the
241-AX tank farm. Nitrate concentrations in wells
nearthe 216-A-10 and 216-A-36B cribs that were not
used after 1987 also remained above the DWS.
Wells near the 216-A-45 crib, which replaced the
216-A-10 crib and received process condensate
from PUREX, contained maximum NO," concentra-
tions of 117 and 151 ppm, respectively.
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(see 300 Area location in Figure 3.10)
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The NO, plume emanating from the southeastern
corner of the 200-East Area (see Figure 3.17) was
previously reported by Evans, Mitchell, and Denni-
son (1988). The configuration of the NO, plume
emanating from the 200-East Area, as with the 3H
plume mentioned above, shows the influence of two
periods of PUREX operation and recent changes in
the operation of B Pond. B Pond locationis shown in
Figure 3.10. Increases inthe volume of process cool-
ing water discharged to B Pond may have resulted in
the expanding area of lower NO, concentration in
groundwatertothe east and south of that facility (see
Figure 3.17).

Nitrate concentrations greater than the DWS were
widespread in the ground water beneath the 200-
West Area. The highest concentrations appeared to
be centered in three locations: 1) wells near U Plant,
2) wells in the northwestern part of the 200-West
Area; and 3) wells near the 216-S-25 crib. The
highest NO, concentrations measured across the
Site continued to be found in wells east of U Plant
near the 216-U-17 crib that has never been used.
The source of NO, is believed to be wastes disposed
of in the 216-U-1 and 216-U-2 cribs. These cribs re-
ceived over 1 million kg of NO," during their operation
from 1951 to 1967 (DOE 1986). A maximum NO,
concentration of 1500 ppm was measured in these
wells and concentrations remained constant
throughout 1987. Nitrate concentrations in wells
located near the 216-U-1 and 216-U-2 cribs west of
U Plant also remained greater than the DWS, but
were generally decreasing.

Several wells in the northwestern part of the 200-
West Area continued to contain NO," in concentra-
tions greater than the DWS. These wells are located
near several inactive LWDFs that received waste
from early T Plant operations. Average concentra-
tions in these wells ranged from 84 ppm in well 299-
W14-510 603 ppm in well 299-W15-4. A summary of
NO, concentrations in wells sampled during 1987 is
presented in Table A.20, Appendix A.

Fluoride concentrations above the DWS were found
in afewwells inthe 200-West Area near T Plant. The
maximum concentration was 12.8 ppm in well 299-
W-15-4. All wells sampled outside the 200-West
Area contained fluoride levels less than 1.1 ppm.

Cyanide contamination was detected in samples
collected from wells in and directly north of the 200-
East Area. The cyanide source is believed to be
wastes containing ferrocyanide disposed of in the

BY-cribs. Samples taken through December 1987
had a maximum cyanide concentration of 1120 ppb
inwell 699-50-53, with lesser amounts presentinfive
other wells in or near the northern side of the 200-
East Area. Wells where cyanide was detected
contained unexpected concentrations of several
radionuclides, including %Co. Although ®Co is
normally immobile in the Hanford subsurface, it
appears to be chemically complexed and mobilized
by cyanide.

Solutions containing ferrocyanide that were dis-
posed of in the 200-West and 200-East Areas are
likely to be the source of cyanide. The areal distribu-
tion of cyanide in the 200 Areas is shown in Figure
3.18. Cyanide has not been found in samples taken
from other parts of the Site. A summary of cyanide
concentrations in wells sampled during 1987 is pre-
sented in Table A.21, Appendix A.

Significant chromium contamination was found in
wells in the 100-B, 100-D, 100-H, and 100-K Areas.
In addition, well 199-F8-2 had detectable hexavalent
chromium. The highest concentration of hexavalent
chromium on the Site was found in well 199-D5-12,
with a maximum of 1690 ppb in 1987.

Detectable chromiumwas also foundinvarious parts
of the 600 Area, particularly near the 100-D and 100-
H Areas. The highest concentration was 191 ppb,
four times the DWS, approximately 1 km west of the
100-H Area. Chromium contamination was also
widespread in the 200-West Area. Three welis
showed concentrations above the 50-ppb DWS. The
distribution of chromium contamination appears to
be random and may represent several independent,
localized sources. A detailed delineation of the
shape of the chromium plumes is not possible at this
time because of inadequate well coverage for much
ofthe affected area. A few wellsinthe 200-East Area
also showed evidence of minor chromium contami-
nation. The highest level foundisinwell299-E13-14,
with a chromium concentration of 42 ppb in Decem-
ber 1987. Figure 3.19 shows the concentration of
chromium in Hanford Site ground water at well loca-
tions. A summary of chromium concentrations in
wells sampled during 1987 is presented in Table
A.22, Appendix A.

Extensive carbon tetrachloride contamination was
found in the unconfined aquifer beneath much of the
200-West Area. The contamination is believed to be
from waste disposal operations associated with Z
Plant prior to 1973. Maximum concentrations
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detected in each well are shown in Figure 3.20. A
maximum concentration of 4520 ppb in well 299-
W15-11 was found near Z Plant in December 1987.
For carbon tetrachloride, the maximum contaminant
level, or target concentration, for remediation under
the Comprehensive Environmental Response,
Compensation, and Liability Act of 1980 and the
Superfund Amendments and Reauthorization Act of
1986is 5 ppb. The gas chromatography/mass spec-
trometry method detection limit shown in Figure 3.20
is also 5 ppb. In addition to carbon tetrachloride,
minor amounts of other chlorinated hydrocarbon
solvents were found in 200-West Area ground water,
including trichloroethylene, chloroform, and meth-
ylene chloride. A summary of carbon tetrachloride
concentrations in wells sampled during 1987 is pre-
sented in Table A.23, Appendix A.

Radiological and Chemical Monitoring
Results for the Contined Aquifer

The uppermost (Rattlesnake Ridge) confined aqui-
fer was monitored to determine the extent of ground-
water interaction between the confined and uncon-
fined aquifers. This intercommunication between
aquifers was identified by Graham, Last, and Fecht
(1984). Ground-water samples from the confined
aquifer were analyzed for *H, NO,, gamma-emitting
radionuclides, and fluoride. The results are summa-
rized in Tables A.13 through 25, Appendix A. Wells
open to the confined (or a composite of the confined
and unconfined) aquiter are indicated by footnotes in
each table. In most cases, only background levels of
constituents were detected in these wells. Detection
of radionuclides in well 299-E33-12 has been
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attributed to contamination by high-salt waste that
migrated by density flow into the borehole when it
was open to both the unconfined and confined
aquifers during drilling (Graham, Last, and Fecht
1984). Contaminant concentrations in this well were
similar to those measured in 1986.

Intercommunication between the Rattlesnake Ridge
confined aquifer and the unconfined aquifer north of
the 200-East Area was indicated by the measured
concentrations of NO,” and 'l in well 699-47-50.
This well is located near an erosional window (i.e.,
near an area where the confining layer is absent) in
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the confining basalt flow (Graham, Last, and Fecht
1984). The 2| concentration in this well was 6.07 x
1072 pCi/L. Tritium was also present in ground water
sampled fromthe Rattlesnake Ridge interbed at well
699-42-40C.

Well 699-S18-51 is opento the confined aquifer near
the base of the Rattlesnake Hills. Ground water
sampled from this well contained NO," in concentra-
tions above detection. The source of NO; at this
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location is unknown; however, itis unlikely that these
concentrations are attributable to waste disposal in
the 200 Areas.

Several wells completed in the confined aquifer had
detectable concentrations of fluoride. An average
concentration of 8 mg/L (above the 4-mg/L DWS)
could be attributed to the chemistry of the basalt
formations. Fluoride concentrations in some of the
deeper confined aquifers routinely exceed 20 mg/L.

Three wells had elevated concentrations of a single
contaminant during one sampling period in 1987.
Samples collected from well 699-20-E5AP on April
26, 1987, contained an NO,” concentration of 18,300
ppb. Previous and subsequent samples were below
the level of detection for NO,. Samples collected

from well 699-S11-E12AP on May 5, 1987, and well
699-51-46 on June 11, 1987, contained *H concen-
trations of 20,000 and 7790 pCi/L, respectively. Pre-
vious and subsequent samples collected at each of
these wells were below detection for *H. The cause of
elevated concentrations of these contaminants in a
single sample is unknown and may reflect errors in
sample collection or analysis.

Available '#| data for Hanford confined aquifers
(Rattlesnake Ridge and below)were assembled and
published during 1987 by an intercontractor working
group (WHC 1987). The document discussed back-
ground levels of '#| in ground water, and identified
locations where 'l was found at concentrations
exceeding background.
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3.3 SURFACE-WATER MONITORING

R. L. Dirkes

The Columbia River was one of the primary environmental exposure pathways to the public
during 1987 as a result of operations at Hanford. Radiological and nonradiological
contaminants entered the river along the Hanford reach as direct effluent discharges and
through the seepage of contaminated ground water. Water samples were collected from the
river at various locations throughout the year to determine compliance with applicable standards.

Although radionuclides assoclated with Hanford operations continued to be routinely
identified in Columbia River water during the year, concentrations remained extremely low
atall locations, and were well below applicable standards. Nonradiological water quality constituents
measured in Columbia River water during 1987 were also In compliance with applicable standards.

Four onsite ponds were also sampled to determine radionuclide concentrations. These ponds are
accessible to migratory waterfowl and other animals. As a result, a potential biological pathway
exists for the removal and dispersal of contaminants that may be In the ponds. Concentrations
of radionuclides in water collected from these ponds during 1987 were similar to those during

past years.

COLUMBIA RIVER

The Columbia River is used as a source of drinking
water at onsite facilities and at communities located
downstream of Hanford. In addition, the river along
the Hanford Site is used for crop irrigation and a
variety of recreational activities, including hunting,
fishing, boating, water skiing, and swimming.

Pollutants, both radiological and nonradiological, are
known to enter the river along the Hanford Site. In
addition to direct discharges from Hanford facilities,
contaminants in the ground water from past effluent
discharges are knownto seep into the river. Effluents
from each direct discharge point are routinely moni-
tored and reported by the responsible operating
contractor, and are summarized in “Effluents, Waste
Disposal, and Unusual Occurrences,” Appendix G.
Direct discharges are identified and regulated for
nonradiological constituents under the NPDES. The
NPDES permitted discharges at Hanford and the
regulated parameters are listedin Table C.7, Appen-
dix C.

The State of Washington has classified the stretch of
the Columbia River from Grand Coulee Dam to the
Washington-Oregon border, which includes the
Hanford reach, as Class A (Excellent). Water quality
criteria and water use guidelines have been

established in conjunction with this designation and
arepresentedin Table C.1, Appendix C. The State of
Washington and EPA DWSs used in evaluating
radionuclide concentrations in Columbia River water
are provided in Table C.2, Appendix C.

Sample Collection and Analysis

Samples of Columbia River water were collected
throughout 1987 at the locations shown in Figure
3.21. Samples were collected upstream of Hanford
facilities at Priest Rapids Dam and near the Vernita
Bridge to provide background data from locations
unaffected by Site operations. Samples collected
from the 300 Area water intake and the Richiand
Pumphouse provide data from locations down-
stream of Hanford to identify any influence on con-
taminant concentrations in the river from Hanford
operations. The Richland Pumphouse represents
the first downstream point of river water withdrawal
for public use, providing ar;\g'éiimate of the amount of
radioactivity in the water supply of population groups
using Columbia River water downstream of Hanford.

Radiological analyses on water samples included
gross alpha, gross beta, gamma scan, °*H, #Sr, %8r,
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FIGURE 3.21. Columbia River Water Sampli

129], 239240Py, and isotopic uranium. Gross alpha and
gross beta measurements provided a general indi-
cation of the radioactive contamination present.
Gamma scans provided concentrations of several
specific radionuclides (listed on page D.1, Appendix
D), primarily %Co, I, and '3’Cs. Specific radio-
chemical analyses and, in some cases, special
sampling techniques were used to determine the
concentrations of 3H, 89Sr, 98y, 129|, 34|y, 235 238,
and 2%24Py in the river water during the year. Radi-
onuclides of interest were selected based on their
importance in determining water quality, verifying
effluent control and effluent monitoring systems, and
determining compliance with applicable standards
that pertain to the potential exposure to the public
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ng and Onsite Pond Locations in 1987

using the river. The half-lives of specific radionu-
clides were considered in determining sampling and
analysis frequencies.

Priest Rapids Dam is located approximately 8 km
upstream of the Site boundary and 20 km upstream
of the 100-B Area, the facility farthest upstream at
Hanford. The water sampler at Priest Rapids Dam is
positioned approximately midstream within the dam
and collects water from the reservoir behind the
impoundment as it passes through the dam. The
Vernita Bridge sample location is approximately 6
km upstream of the 100-B Area. Samples are col-
lected from the Benton County shoreline near the
bridge for analysis of nonradiological constituents.



Analytical results for 1987 at Priest Rapids Dam are
providedin Table A.24, Appendix A. Both the Priest
Rapids Dam and the Vernita Bridge locations are
unaffected by Site operations and provide an esti-
mate of background contaminant concentrations in
the Columbia River.

The 300 Area water intake sample location is near
the southern boundary of the Site at the point of
withdrawal for the 300 Area sanitary water supply.
This location is a source of onsite drinking water and
provides valuable time-series data for certain con-
stituents, as it has been in existence since the early
days of Hanford. Concentrations observed here are
influenced by seepage of local ground water, known
to contain elevated concentrations of *H and uranium
(see “Ground-Water Monitoring,” Section 3.2). Ana-
lytical results for 1987 at the 300 Area are provided
in Table A.25, Appendix A.

The Richland Pumphouse is the primary river sam-
pling location downstream of Hanford facilities. It is
located approximately 3 km downstream of the Site
boundary and nearly 6 km downstream of the efflu-
entdischarge farthest downstream. The waterintake
is located on the Benton County shoreline, approxi-
mately 9 minto the river. The Richland Pumphouse
sampler is the first withdrawal point downstream of
Hanford for a public drinking water supply. As such,
an upper estimate of the amount of radioactivity in
the water supply of any population using Columbia
River water is provided (Corley et al. 1981). Past
sampling transects near this location indicated the
distribution of gross beta activity to be slightly ele-
vated near the Benton County shoreline (Soldat
1962). A special task to evaluate the relationship
between concentrations observed at the Richland
Pumphouse and average river concentrations was
initiated during 1987 and is continuing into 1988.
Observations made when flow rates were slightly
lower than the annual average showed *H concentra-
tions to be highly variable across the river cross
section. Use of the data generated at the Richland
Pumphouse without careful consideration of factors
potentially influencing the relationship between
average river conditions and conditions at the Rich-
land Pumphouse may be inappropriate and may lead
to incorrect conclusions.

Two types of water sampling systems were used to
collect radiological samples: a composite system
that collected a fixed volume of water at set intervals
at each location during each sample period, and a
specially designed system that continuously

collected waterborne radionuclides from the river on
a series of filters and ion-exchange resins.

The composite sampler consisted of a timer-acti-
vated unit that periodically coliected water from a
continuously flowing substream of Columbia River
water into a 10-L container. The sample sequence
included a pre- and post-sample purge of the sample
lines to preclude cross contamination between con-
secutive aliquots. This cycle was repeated through-
out the 1-week sample period, such that approxi-
mately 55 mL of water were collected every hour.
The 10-L sample containerwas changed every week
and the sample was taken to the laboratory, where
water from each location was composited over a 4-
week period before analysis, resulting in a total
sample size of approximately 40 L. Gross alpha,
gross beta, gamma scan, *H,%Sr, ¥Sr, 24U, 2354, and
28 analyses were performed on these samples.
Composite sampling systems were operated at
Priest Rapids Dam, the 300 Area water intake, and
the Richland Pumphouse.

A special, continuously flowing system was used to
separate other radionuclides from the river water
before analysis. A large volume of water was re-
quired to allow the extremely small concentrations of
these radionuclides in the river to be detected. River
water was pumped through the collection system at
arate of approximately 50 mL/min, resultingin atotal
sample volume of approximately 1000 L during each
2-week sampling period. Suspended particulates
greaterthan 0.45 pmin diameter were removed from
the water on a series of filters, and soluble radionu-
clides, except 3H, were collected on a mixed-bed,
ion-exchange resin column. The filters and ion-ex-
change resin were exchanged every 2 weeks and
analyzed for gamma-emitting radionuclides (see
“Analytical Procedures and Sampling Summary,”
Appendix D). The filters and resin from each location
were then composited on a quarterly basis for analy-
ses of 1291, 2Py, and #924Py. Continuous sampling
systems were located at Priest Rapids Dam, the 300
Area waterintake, and for the first time, the Richland
Pumphouse.

Monthly grab samples were collected from shoreline
sites near the Vernita Bridge and near the Richland
Pumphouse for analysis of various nonradiological
water quality variables. Special care was taken to
obtain water from a flowing portion of the river,
avoiding stagnant backwater areas. Surface debris
and bottom sediment were also avoided during the
sampling process. Samples were delivered to the
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laboratory where processing was initiated to ensure
sample integrity. Water quality analyses performed
during 1987 included pH, NO;, total coliform and
fecal coliform bacteria, and biological oxygen de-
mand. All of these parameters are indicators of the
nonradiological quality of Columbia River water.

In addition to monitoring conducted by PNL, water
quality measurements were also performed by the
USGS at Vernita Bridge and Richland. The USGS
samples consisted of cross-sectional composites of
the river collected every 2 months at the Vernita
Bridge and quarterly at Richland. Analyses for
numerous physical, biological, and chemical con-
stituents were performed on these samples at the
USGS laboratory in Denver, Colorado. In addition to
sampling, the USGS provided continuous river tem-
perature monitoring, both upstream of the Site and at
Richland, and provided flow rate measurements at
Priest Rapids Dam.

Results

Results of the radiological analysis of Columbia’

River water samples collected at Priest Rapids Dam,
the 300 Area, and the Richland Pumphouse during
1987 are summarized in Tables A.24, A.25, and
A.26, Appendix A, respectively. Levels throughout
the year were extremely low, being essentially unde-
tectable without the use of special sampling tech-
niques and analytical procedures. Significant results
are discussed and illustrated below, with compari-
sons to previous years' provided. Radionuclides
consistently in measurable quantities in river water
during 1987 were 3H, %Sr, 29|, 24, 25, 284, and
239290py, All of these radionuclides exist in worldwide
fallout, as well as in effluents from Hanford facilities.
In addition,®H and uranium occur naturally in the
environment.

Gross alpha and gross beta measurements are
useful as indicators of the generat radiological quality
ofthe river and provide an early indication of changes
in the levels of radioactive contamination. The 1987
average gross alpha and gross beta coricentrations
in Columbia River water at Priest Rapids Dam, the
300 Area, and the Richland Pumphouse were well
below the applicable DWS of 15 and 50 pCi/L,
respectively. Figures 3.22 and 3.23 illustrate the
annual average gross alpha and gross beta concen-
trations at Priest Rapids Dam and the Richland
Pumphouse during the past 6 years. As is apparent
inthe figures, 1987 gross alpha concentrations were
consistent with those of previous years, with no
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FIGURE 3.22. Annual Average Gross Alpha
Concentrations in Columbia
River Water, 1982 Through 1987
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FIGURE 3.23. Annual Average Gross Beta Con-
centrations in Columbia River-
Water, 1982 Through1987

significant increases or decreases observed. Gross
beta concentrations at both locations decreased
slightly in 1987.

Annual average 3H concentrations measured at
Priest Rapids Dam and the Richland Pumphouse
during 1987 were 70 and 130 pCi/L, respectively.
Figure 3.24 compares the annual average 3H con-
centrations at Priest Rapids Dam and the Richland
Pumphouse from 1982 through 1987. Tritium con-
centrations in Columbia River water during 1987
were similar to those during recent years and were
comparable to measurements reported by the State
of Washington (WDSHS 1987).

Figure 3.25 provides a comparison of monthly H
concentrations in river water during 1987, showing
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that concentrations at the Richland Pumphouse
were generally higher during the year than those at
Priest Rapids Dam. The variability in the monthly *H
concentrations during 1987 was comparable to that
experienced during previous years (Price 1986).
Statistical analyses (paired sample comparison, t-
test of differences) indicated that the difference be-
tween the 3H concentrations at these locations was
significant (Snedecor and Cochran 1980). Tritium
sources entering the river were effluent releases
from the N Reactor and ground water entering the
river along the Site (see “Effluents, Waste Disposal,
and Unusual Occurrences,” Appendix G, and
“Ground-Water Monitoring,” Section 3.2). All*H con-
centrations were below the State of Washington and

EPA DWS of 20,000 pCi/L.
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FIGURE 3.25. Monthly Tritium (®*H) Concentra-
tions in Columbia River Water
During 1987

The annual average *Sr concentrations measured
at Priest Rapids Dam and the Richiand Pumphouse
during 1987 were essentially the same (0.14 and
0.13 pCi/L, respectively). Figure 3.26 shows the
annual average *Sr concentrations at these loca-
tionsfrom 1982 through 1987. Although the Richland
Pumphouse annual average concentrations were
generally slightly higher than those at Priest Rapids
Dam, the differences since 1982 were slight, espe-
cially when the uncertainty associated with the aver-
ages was considered. Figure 3.27 shows monthly
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FIGURE 3.26. Annual Average Strontium-90
(%°Sr) Concentrations in Colum-
bia River Water, 1982 Through
1987

9Sr concentrations during the year at both locations.
Statistical analyses indicated that the difference be-
tween the ¥Sr concentrations throughout the year at
these locations was insignificant. The only known
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FIGURE 3.27. Monthly Strontium-90 (%°Sr)

Concentrations in Columbia
River Water During 1987
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source of ¥Sr entering the Columbia River was the
100-N Area LWDF that discharged 2.4 Ci to the river
via seepage during 1987. Observed *Sr concentra-
tions during 1987 in Columbia River water were well
below the State of Washington and EPA DWS of 8
pCi/L.

Annual average uranium concentrations in 1987
continued to be slightly higherin river water collected
at the Richland Pumphouse than in samples col-
lected at Priest Rapids Dam (Figure 3.28). The
difference in annual averages (0.05 pCi/L) is small
and within the degree of variability expected for this
type of analysis. Monthly values during the yearwere
not consistently higher at any one location, as shown
in Figure 3.29. This figure indicates there was not a
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FIGURE 3.29. Monthly Uranium Concentrations
in Columbia River Water During
1987

consistently measurable contribution to Columbia
River water uranium concentrations attributable to
Hanford operations. Statistical analyses showed
that the differences during the year were insignifi-
cant. Although there is no direct discharge of ura-
nium to the river, uranium is present in the ground
water beneath the 300 Area (see “Ground-Water
Monitoring,” Section 3.2) and has been detected at
elevated levels in riverbank springs in this area
(McCormack and Carlile 1984).

As in past years, 2| concentrations continue to be
significantly higher at the 300 Area waterintake than
at Priest Rapids Dam. Average Priest Rapids Dam
and 300 Area river water 2| concentrations during
1987 were 7 and 106 aCi/L, respectively. During
1987, a continuous filter-resin sampling system was
installed at the Richland Pumphouse to allow for the
measurement of '2|. Concentrations of '2° at the
Richland Pumphouse (103 aCi/L) were essentially
the same as those at the 300 Area (106 aCilL).
lodine-129 in the river is attributable to the flow of
ground water from the unconfined aquifer into the
river (McCormack and Carlile 1984). Figure 3.30
provides the annual average 'l concentrations from
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FIGURE 3.30. Annual Average lodine-129 ('21)
Concentrations in Columbia
River Water, 1982 Through 1987

1982 through 1987. The differences during 1987
among the Priest Rapids Dam, 300 Area, and Rich-
land Pumphouse concentrations were similar to the
differences in past years. Figure 3.31 illustrates the
quarterly '?| concentrations at Priest Rapids Dam
and the Richland Pumphouse. As for other
radionuclides, '?°l concentrations in Columbia River
water during 1987 at those locations were below
concentrations that would result in doses exceeding
the State of Washington and EPA DWS of 4 mrenv

yr.
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During 1987, ®Co and '*'l were not consistently in
measurable quantities in the Columbia River at
Priest Rapids Dam, 300 Area water intake, or the
Richland Pumphouse. Likewise, ®Sr, '*Cs, and
137Cs were generally below the detection level
throughout the year. Concentrations of 2292°Pu were
extremely low with respect to the detection limit and
were similar at these locations, indicating no meas-
urable effect due to Hanford operations. All°Co, %S,
131] 134Cg, 137Cs, and 2°249Py concentrations during
the year were below the State of Washington and
EPA DWS (Tables A.24, A.25, and A.26, Appendix
A).

Nonradiological water quality data compiled by PNL
and the USGS during 1987 are summarizedin Table
A.27, Appendix A. The data include a number of
parameters for which no regulatory limit exists. The
parameters are, however, useful as indicators of
water quality. The PNL and USGS results, where
duplicated, were in general agreement and were
comparable to levels in recent years. In all cases,
applicable standards for Class A-designated water
were met at both sampling locations. There was no
indication during 1987 of any significant deteriora-
tion of the water quality along this stretch of the

Columbia River resulting from Hanford operations.
Potential sources of nonradiological pollutants not
associated with Hanford include irrigation return
water canals and seepage associated with extensive
irrigation practices north and east of the Columbia
River.

Figure 3.32 shows results during 1982 through 1987
for several water quality parameters with respect to
the applicable standard. The pH measurements
above and below the Site throughout the year were
generally in close agreement and were within the
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FIGURE 3.32. Columbia River Water Quality Mea-
surements, 1982 Through 1987
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acceptable range for Class A waters. Turbidity,
median fecal coliform and dissolved oxygen
concentrations at both locations during 1987 were
below Class A requirements.

The annual average flow rate of the Columbia River
was 101,000 cfs during 1987, slightly lower than
recent years. The monthly average flow rates at
Priest Rapids Dam during the year are shown in
Figure 3.33, illustrating a pattern similar to recent
years. The peak monthly average flow occurred
during May (153,000 cfs) and the lowest flow oc-
curredduring September (81,000 cfs). Daily average
flow rates varied from 183,000 to 46,000 cfs during
1987.
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FIGURE 3.33. Monthly Average Flow Rates of the
Columbia River During 1987

Average monthly Columbia River water tempera-
tures at Priest Rapids Dam and the Richland
Pumphouse are shown in Figure 3.34. The N Reac-
tor operated January 1 through 7in 1987. The major
source of heat to the Columbia River in the Hanford
reach is solar radiation (Dauble et al. 1987). Thermal
dischargesfrom N Reactor operations are also defin-
able sources of heat to the river; however, incre-
mental increases incurred by reactor operations are
largely dissipated and masked by temperature fluc-
tuations that result from solar radiation and convec-
tive cooling. River temperatures and the differences
between Priest Rapids Dam and Richland
Pumphouse temperatures during 1987, in the ab-
sence of reactor operations, were similar to those in
the past (Price 1986). Monthly average tempera-
tures were higher at the Richland Pumphouse than
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FIGURE 3.34. Monthly Average Temperatures in
the Columbia River Water During
1987

at Priest Rapids Dam during March through August
1987. During January, February, and September,
monthly average temperatures were the same at
these locations. Cooler temperatures were ob-
served at the Richland Pumphouse during October,
November, and December.

ONSITE PONDS

Four onsite ponds (see Figure 3.21) located near
operating areas were sampled periodically during
1987. Two of the ponds located near the 200-East
Area (Gable Mountain Pond and B Pond) were
excavated in the mid-1950s for disposal of process
cooling water and other liquid wastes occasionally
containing low levels of radionuclides. A third pond
(West Lake), also located near the 200-East Area, is
a natural body of water recharged from the ground
water. This pond has not received planned direct-
effluent discharges from Site facilities. The fourth
onsite pond (FFTF Pond) located near the 400 Area,
was excavated in 1978 for the disposal of cooling
water from various facilities in the 400 Area.

Operating contractors are responsible for monitoring
effluents discharged to the ponds and for operational
surveillance of the ponds. During 1987, decommis-
sioning activities on Gable Mountain Pond were
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completed, eliminating this pond and subsequently
increasing the volume of B Pond as a result of the
diversion of water previously discharged to Gable
Mountain Pond.

Although the ponds were inaccessible to the public
and did not constitute a direct offsite environmental
impact during 1987, they were accessible to migra-
tory waterfowl, creating a potential biological path-
way for the dispersion of contaminants. Periodic
sampling of the ponds also provided anindependent
check on effluent control and monitoring systems.

Sample Collection and Analysis

During 1987, 10-L grab samples were collected
every 3 months from each pond. Care was taken to
avoid surface debris and resuspension and inadver-
tent collection of bottom sediments during sampling.
Unfiltered aliquots of the samples were analyzed for
gross alpha and gross beta activities, gamma-emit-
ting radionuclides, ®*H, and ®Sr. Sodium-22 analyses
were performed onthe FFTF Pond samples to detect
indications of process failure.

Results

Analytical results from pond samples collected dur-
ing 1987 are summarized in Table A.28, Appendix A.
Maximum, minimum, and average values are pro-
vided for various radionuclides at each pond. Further
discussion of individual constituents and compari-
sons with results observed during previous years are
provided below for each pond.

Radionuclide concentrations in Gable Mountain
Pond during 1987, prior to its elimination, were
similar to those observed in the previous 5 years
(Figure 3.35). Figure 3.36 shows annual average
concentrations of various radionuclides in B Pond
water from 1982 through 1987. Concentrations of
gross beta and *Sr have decreased since 1984.
Gross alpha and ¥’Cs concentrations remained in
the range previously observed at this pond. Tritium
concentrations in B Pond dropped considerably in
1987, probably associated with the short operating
time of PUREX during the year.

Radionuclide concentrations in water collected from
the FFTF Pond have remained relatively stable over
the years (Figure 3.37), except for *H, which de-
creased during 1986. This decrease was attributed
to a change in the source of the water supply serving
the 400 Area. A new well, completed in a deeper
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aquifer with significantly lower *H concentrations,
was put into service during February 1986. The 1987
average *H concentration was higher than that in
1986; however, it remained below the concentra-
tions observed during the years prior to the comple-
tion of the new well. This reflects the periodic use of
the old wells during periods of high water usage. As
inthe past, gross alpha, ®Sr, and 2Na were generally
below the detection level during 1987 and, thus,
were omitted from the figure.

Radionuclide concentrations in West Lake during
1987 were comparable to those reported in past
years (Figure 3.38). Gross alpha and gross beta
concentrations in West Lake, which is recharged
from the ground water (Gephart et al. 1976), were
higher than gross alpha and gross beta levels found
in other onsite ponds. This is believed to result from
high concentrations of naturally occurring uranium
(Speer, Fix, and Blumer 1976). Strontium-90
concentrations have remained relatively stable over
the past 6 years. Tritium concentrations, which
appeared to decrease since 1983, were similar to
those in the unconfined aquifer beneath West Lake
(see Table A.13, Appendix A).
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34 FOOD AND FARM PRODUCT MONITORING

K. R. Price

Alfalfa and several foodstuffs, including milk, vegetables, fruits, wine, beef, chickens, eggs,
and wheat, were collected at several locations In the Hanford Site environs during 1987
(Figure 3.39). Samples were collected primarily from locations In the prevailingly downwind
directions (i.e., to the south and east of the Site). Samples were also collected in generally
upwind directions somewhat distant from the Site to provide Iinformation on levels of
radioactivity that could be attributed to worldwide fallout. Foodstuffs from the Riverview Area
were irrigated with water pumped from the Columbia River downstream of the Site. Most
samples were analyzed for ®Sr and '*’Cs. Milk samples were also analyzed for 3H, %Sr, 29|,
and "¥'Il. Frult samples were analyzed for H, %Sr, and '*’Cs. Wine samples were analyzed for
*H and "“Cs. Wheat samples were analyzed for *Sr, '¥7Cs, and 2924py,

Low levels of °H, *Sr, and '*’Cs were found in a number of foodstuff samples collected dur-
ing 1987; however, the concentrations In samples collected near the Hanford Site were
similar to those in samples collected away from the Site. No measurable effect from the use
of Columbia River water for irrigation was detected. Because there are nho radionuclide
concentration limits for foodstuffs, impact was assessed by predicting radiation dose from

food consumption (as discussed in “Potential Radiation Doses from 1987 Hanford Opera-

tions,” Section 4.0).

MILK

Samples of raw, whole milk were collected from
several dairy farms nearthe Site perimeterandinthe
prevailingly downwind directions to evaluate pos-
sible Hanford impacts. Samples were also collected
from dairy farms near Sunnyside and Moses Lake to
provide indications of the general concentrations of
radionuclides in milk attributable to worldwide fallout.
The general areas of sampling are shown as stippled
areas in Figure 3.39, and results are listed in Table
A.29, Appendix A. Samples were routinely collected
every otherweek throughout the year fromthe Sage-
moor and Sunnyside areas, and monthly from other
areas. All samples were analyzed for '3'l and '37Cs.
Tritium analyses were conducted on one sample per
month, 8Sr and *Sr analyses were conducted on
one sample per quarter, and 'l analyses were con-
ducted on one sample every 6 months.

A total of 103 samples of milk were collected and
analyzed for '3l during 1987. Only two of the samples
tested positive. Both results were slightly above the
detection level and may or may not represent true
identification. One of these samples was collected
from Moses Lake, the other from Sagemoor. No
residual '3'l attributable to the Chernobyl incident of
1986 was detected during 1987.

About 30% of the milk samples collected in 1987
contained detectable levels of 37Cs, about the same
percentage as was measured before the Chernobyl
incident in 1986. Nearly all samples also contained
98r. Very few samples contained #Sr. Neither ¥'Cs
nor ¥Sr is found naturally, and they are detected in
milk samples because of their presence in worldwide
fallout and movement through the air-pasture-cow-
milk food chain. Results (Table A.29, Appendix A)
indicate an even geographical distribution and are
similar to results published by the EPA for the first
quarterof 1987 (EPA 1987b). (The EPA data are dis-
cussed in “Comparison of Measurements with
Calculations and Other Monitoring Results,” Section
3.8.) Figure 3.40 shows the 6-year record for °Sr and
¥7Cs in milk samples collected from the Hanford
environs. The influence of the Chernobyl incident on
37Cs in milk in 1986 is evident; otherwise, the levels
of both radionuclides have remained relatively con-
stant.

Some milk samples were analyzed for ®H and 29 in
1987. Tritium was identified in a little less than half of
the samples. lodine-129 was identified in all 11
samples tested. Concentrations were very low and
similar to those obtained in recent years. No
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differences were apparent between near-site and
distant sampling locations, except that, as in past
years, samples from Moses Lake show levels of '
about one-twentieth the level of samples from most
other locations.

VEGETABLES

Samples of leafy vegetables (i.e., spinach, leaf let-
tuce, or cabbage) were obtained once during the
summer from gardens located within the sampling
areas listed in Table A.30, Appendix A. The leafy
vegetables provided 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 locations, were analyzed for ®Sr and '*’Cs.
Results are provided in Table A.30, Appendix A.
Strontium-90 and '¥’Cs were identified in most
samples but with no apparent difference between
distant and nearby locations. The concentrations of
Gy and '¥Cs at all locations are comparable to those
of recent years (Figure 3.41) and are attributed to
worldwide fallout.

The potential radiation dose to the hypothetical
maximally exposed individual was calculated for an
individual who was a long-term resident of the River-
view area (see “Potential Radiological Doses from
1987 Hanford Operations,” Section 4.0). A major
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contributor to the potential dose was *Sr from Co-
lumbia River water used to irrigate foodstuffs grown
inthe Riverview area. Important commercially grown

crops of tomatoes, carrots, and potatoes from the
Riverview area were analyzed for 3H, *Sr, and
gamma-emitting radionuclides ('¥’Cs). Results in
potatoes were similar to concentrations found from
other sampling areas, and no effect from the use of
Columbia River water for irrigation could be de-
tected. Results are shown in Table A.31, Appendix
A.

FRUIT

Samples of apples, cherries, grapes, and melons
were collected during harvest fromthe areas listedin
Table A.32, Appendix A. Three replicate samples
were collected at each sampling location, and the
edible portions were analyzed for *H, ®Sr, and '¥’Cs.
Results are provided in Table A.32, Appendix A.

Tritium was identified in a few of the samples
analyzed, %Srin about one-third of the samples, and
37Cs in a few samples. There were no detectable
differences between fruit types or sampling loca-
tions. The concentration of *H, *Sr, and ¥’Cs were
similar at all locations indicating a minimum
contribution from Hanford.

WINE

Locally produced wine (1986 vintage) was pur-
chased and analyzed for *H and gamma-emitting
radionuclides. Both red and white wines were ana-
lyzed. The wines were made from grapes grown in
the Sagemoor area and, for comparison, in the
Sunnyside area. Results of the °H and '¥’Cs analyses
are given in Table A.33, Appendix A. Most samples
contained trace amounts of *H, but only one sample
of the 12 analyzed contained a detectable level of
¥7Cs. Concentrations detected in wine samples
were about the same as those commonly found in
milk. The low concentration of radionuclides indi-
cates a minimal contribution from Hanford.

WHEAT AND ALFALFA

Samples of ripened wheat and mature alfalfa were
collected fromthe areas listed in Table A.34, Appen-
dix A. Three replicate samples of wheat and alfalfa
were collected at each location and analyzed for *Sr
and '*’Cs. Three wheat samples from the Sagemoor
area were also analyzed for 2920py, Results are
shown in Table A.34, Appendix A.
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Strontium-90 was identified in all samples. Cesium-
137 was identified in a few samples. Plutonium was
not detected in any wheat sample. No distinct differ-
ence in radionuclide concentrations was apparent
between samples collected near the Site and those
collected at a distance. Measured concentrations
are attributed to worldwide fallout. :

BEEF, CHICKEN, AND EGGS

A few samples of locally produced beef, chicken,
and eggs were collected from the areas listed in
Table A.35, Appendix A. Table A.35 provides results
of analyses for %Sr and '¥Cs. Results were all low,
generally near detection levels, and are attributed to
worldwide fallout. Strontium-90 and '¥’Cs concentra-
tions in beef for 1987 and the previous 5 years are
shown in Figure 3.42.
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3.5 WILDLIFE MONITORING

K. R. Price

The Hanford Site serves as a refuge for waterfowl, upland game birds, and various terrestrial
animals. Wildlife have access to several areas near facilities that contain low levels of radionuclides
attributable to Site operations (e.g., waste-water ponds) and serve as biological indicators of
environmental contamination. Sampling was performed in areas where the potential existed for wild-
life to Ingest radionuclides. The number of animals that visited these areas was small compared to the
total wildlife population in the region. Fish were collected from the Hanford reach of the Columbla
River. Analyses provided an indication of the radionuclide concentrations in local game fish and were
used to evaluate the potential dose to humans from this pathway.

Analytical results of wildlife and fish samples collected during 1987 were similar to those
observed in recent years. There are no radionuclide concentration limits for wildlife samples.
The dose that a person who consumed any of the wildlife sampled could have received, even
at the maximum radionuclide concentrations measured in 1987, was well below applicable

standards for radiation dose.

DEER

Samples taken from road kills (Figure 3.43) were

used to provide an indication of the general levels of

radionuclides in Hanford Site deer. Four deer were
sampled and analyzed for *’Cs in muscle and
238.240Py in liver. Muscle tissue is analyzed for '¥Cs
because it is used for human consumption and it is
most likely to contain *¥Cs when that is present in the
diet of the deer. The liver is also used for human
consumption and is the organ most likely to retain
239.240Py from the diet of the deer. Results indicated
the presence of detectable levels of *’Cs (0.019 pCi/
g) in two deer. The liver of one animal contained
detectable levels of 22924°Py at 0.0003 pCi/g. These
concentrations were inthe range generally attributed
to worldwide fallout, and the median (middle) values
were consistent with those observed in previous
years (Figure 3.44). The median values rather than
averages are plotted to illustrate the central ten-
dency of the data when there is a small number of
samples with highly variable results. Results for
1987 showing the maximum and average values are
given in Table A.36, Appendix A.

FISH

Fish were collected at various locations along the
Columbia River (see Figure 3.43). Boneless fillets
were analyzed for ©Co, ®Sr, and '*’Cs. The remain-
ing carcasses were analyzed to estimate %Sr in
bone. Median concentrations for ®©Co and '¥7Cs in

whitefish and bass in 1987 and recent years are
shown in Figure 3.45. Whitefish were collected near
the 100-D Area and upstream of Hanford near Priest
Rapids Dam. Bass were collected near the 100-F
Area. Individual results for ¥Co, %Sr, and '*Cs for
1987 are shown in Table A.37, Appendix A.

Cobalt-60, %Sr, and '¥’Cs were detected in a few
whitefish muscle samples collected along the Han-
ford reach of the river nearthe 100-D Area, aswell as
upstream of the Site near Priest Rapids Dam. How-
ever, there were no quantifiable differences between
the two locations. Strontium-90 levels in whitefish
carcasses in samples collected from the 100-D Area
were similar to those in samples collected upstream
of the Site. Samples of bass muscle and carcass
collected from the slough near the 100-F Area
showed®Co, *Sr, and '¥Cs concentrations slightly
higher than those for whitefish. The 100-F Area
slough has sediments slightly contaminated from
past Hanford operations (Fix 1976).

UPLAND GAME BIRDS

Pheasants were collected from the 100 and 300
Areas (Figure 3.43). Samples of breast meat were
analyzed for ®Co and '¥’Cs. A slightly greater num-
ber of the birds showed detectable concentrations of
137Cs than of ®°Co. Median concentrations for '37Cs in
the 100 Areas are shown in Figure 3.46 and are
withinthe ranges observed during previous years for
the 100 and 200 Areas. Cobalt-60 and '¥’Cs were not
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detectable in the single bird collected from the 300
Area. Maximum and average concentrations for
1987 for both nuclides are shown in Table A.38,
Appendix A.

WATERFOWL

Mallard ducks were collected from B Pond in the 200
Area and from the 300 Area trench (Figure 3.43).

Approximately 0.5-kg of breast meat was analyzed
for ¥Cs. Results (Figure 3.47) continue to show
concentrations decreasing in ducks collected from B
Pond, as they have over the last several years.
Concentrations in samples collected from the 300
Area trench in 1987 were about one-third of the
concentrations measured in ducks from B Pond
(Table A.39, Appendix A).
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FIGURE 3.47. Median Concentrations of Ce-
sium-137 ('*’Cs) in Mallard
Ducks from B Pond, 1982
Through 1987

RABBITS

Rabbits were collected and analyzed to evaluate the
general levels of environmental contamination near
operating facilities. Hanford waste materials usually
contain equal quantities (activities) of °Sr and '¥’Cs.
Muscle tissue does not retain '3’Cs for a very long
time, whereas %Sr remains incorporated in bone
tissue for the lifetime of the animal. Livertissue tends
to accumulate and retain #%24Py consumed by the
animal.

Cottontail rabbits were collected near the 100 Area
and black-tailed jack rabbits were collected near the
200 Area during 1987. Muscle samples were ana-
lyzed for '¥Cs and other gamma-emitting radionu-
clides, bone samples were analyzed for *Sr, and
liver samples were analyzed for 2%24Py, Median
(middle) values of %Sr in bone and '¥’Cs in muscle
tissues measured in rabbits over the last several
years are shown in Figures 3.48 and 3.49. Maximum
and average concentrations for samples analyzedin
1987 are given in Table A.40, Appendix A.

The levels of *Sr in bone samples indicated that the
rabbits had at some time consumed food or water
contaminated with %Sr. However, the rabbits had not
been eating or drinking contaminated materials
recently, because muscle samples from the same
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animal contained low levels of '¥’Cs. No gamma-
emitting radionuclides of Hanford origin other than
1¥Cs were detected in any muscle sample at a level
greater than expected from worldwide fallout.
Concentrations of 2224py in liver samples ranged

, 1982 Through 1987

from values near the detection limit (0.0006 pCi/g) to
0.007 pCi/g for one sample. Such levels do not
indicate that 2*%249Py is present as an environmental
contaminant in the areas where the animals lived.

3.47



3.6 SOIL AND VEGETATION MONITORING

K. R. Price

Surface soil and rangeland vegetation samples were collected at a number of locations during
1987, both on and off the Site. 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 nonagricultural, undisturbed sites so that natural deposition and
buildup processes would be represented. Because the radionuclides of interest were present
in worldwide fallout or occurred both naturally and in Hanford effluents, their presence was
expected in all samples.

Assessment of radionuclide contribution from Hanford operations was made by comparing
resuits from samples collected 1) on the Site with those collected off the Site, 2) around the
Site perimeter with those collected at distant locations, and 3) downwind (primarily east and
south of the Site) with those collected from generally upwind and distant locations. In
addition, resuilts obtained from each location in 1987 were compared to results obtalned from
the same location in previous years. Evaluations of 1987 results provided no indication of
trends or increases in the concentrations of radionuclides in the offsite environment that
could be attributed to Hanford operations. Results from special soil samples collected
downwind from Hanford indicated no measurable buildup of Hanford-derived plutonium.

SAMPLE COLLECTION AND ANALYSIS

Soil and vegetation samples were collected at 15 on-
site and 23 site perimeter and offsite locations (Fig-
ure 3.50). In addition, soil samples were collected at
eight locations downwind of Hanford for special
plutonium analyses (Figure 3.51). Most onsite sam-
pling locations were adjacent to major operating
areas, where the contribution of radionuclides from
operations could be readily assessed. Most offsite
samples were collected around the Site perimeter
and in a generally downwind direction, where any
Hanford contributionto radionuclide levels in soil and
vegetation would be most easily detected. Samples
were also collected in a generally upwind direction
and at distant locations for comparison.

Single composite samples of surface soil were
collected at each location. Samples were made up of
five soil “plugs,” each approximately 2.5 cm deep
and 10 cm in diameter, obtained within a 100-m?
area. Samples were oven-dried (105°C), sieved
through a 2-mm screen, and thoroughly mixed. Ali-
quots of this weli-mixed, composite sample were
analyzed for gamma-emitting radionuclides, %Sr,
239240Py, and uranium.

When soil samples were collected, samples of per-
ennial vegetation were also collected in the im-
mediate vicinity. Vegetation samples included a

mixture of rabbitbrush, sagebrush, and bitterbrush,
in roughly the same proportions as occurred natu-
rally at the sample site. A small amount of recent
growth was cut from enough plants in the area to
make up a sample weighing approximately 1 kg. The
sample was dried and ground, and aliquots were
taken for analysis. Vegetation samples were ana-
lyzed for gamma-emitting radionuclides, %°Sr,
239.240Py, and uranium.

SOIL RESULTS

Analytical results from soil samples collected on and
off the Site during 1987 are reported in Tables A.41
through A.44, Appendix A. Alsoincluded inthe tables
are results for the previous 5 years for each location.
For comparative purposes, averages of the results
from all onsite and offsite locations are provided.
New sample locations were established in 1985 and
1986 as a result of program revisions and expan-
sions.

Radionuclide concentrations in onsite soil samples
during 1987 were similar to those observed in previ-
ous years. Although some variability was evident
between sampling locations, the averages of onsite
soil sample results for specific radionuclides were
similar to those observed during previous years. Lo-
cations near operating areas, the 200 Areas in
particular, continued to show slightly elevated
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concentrations for a few radionuclides. Specifically,
the 200-East north central (Figure 3.50, Number 4)
sample had elevated levels of *Sr and '¥Cs, and the
sample taken east of the 200-West Area (Figure
3.50, Number 9) had elevated levels of 2% 2Py, as
in previous years.

The offsite soil sample results were similar to those
obtained during the past several years. Histograms
in Figure 3.52 display median (middle) values for
%8r, ¥7Cs, 29249py, and uranium for all samples
collected on and off the Site during 1987. Median
values rather than averages are plotted to illustrate
the centraltendency of the data because of the small
number of samples and the high degree of variability
in results. Radionuclide concentrations tended to be
slightly higher at onsite than at offsite locations.

Further evaluation of offsite samples indicated that
radionuclide concentrations in soil collected at loca-
tions near the Hanford Site were similar to those
collected at distant locations. Likewise, results from
offsite locations generally downwind were similar to
those from locations generally upwind. As in the
past, radionuclide concentrations in soil were low,

although they appeared to be highly variable over
time at a single location.

ISOTOPIC COMPOSITION OF PLUTONIUM IN
SPECIAL DOWNWIND SOIL SAMPLES

The isotopic composition of plutonium in surface soil
collected from the environs of the Hanford Site was
first evaluated and reported in the annual report for
1985 (Price 1986). The purpose was to estimate the
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amount of plutonium that may have accumulated in
soil from past operations at Hanford. Additional
samples were collected off the Site during 1986 and
1987 and analyzed using the same sensitive mass-
spectrographic method used before. Samples were
collected from eight downwind locations sampled in
1986 (PNL 1987). Those special downwind sam-
pling locations are shownin Figure 3.51. Samples for
analysis of isotopic composition were also collected
in 1987 from communities added to the sampling
schedulein 1986 (i.e., Moses Lake, Connell, Othello,
Washtucna, Walla Walla, McNary, and Yakima).

The individual ratios of 2*°Pu to #°Pu for each soil
sample and the average ratio for all samples col-
lected in 1986 and 1987 are listed in Table A.45,
Appendix A. The overall average was calculated to
be 0.176 + 0.003. The average #°Pu to #°Pu ratio
indicative of worldwide fallout in soil has been re-
ported as 0.176 £ 0.014 (Krey et al. 1976). Hanford-
derived plutonium has an estimated 2*°Pu to %°Pu
ratio of 0.0676 based on measurements from
samples of high-level waste (ERDA 1977). it was
determined that the 23924°Py detected in the special
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and routine soil samples collected in 1986 and 1987
was primarily from fallout, because there was no
difference between the average plutonium isotopic
ratio measured and the average ratio reported for
fallout. This agrees with the sampling results for
other radionuclides and the conclusion reported
previously on soil samples from the same locations
(PNL 1987).

VEGETATION RESULTS

Analytical results from samples of mature, perennial
vegetation collected during 1987 are provided in
Tables A.46 through A.49, Appendix A. Individual
results for the previous 5 years at each location are
given in the tables, along with the average of results
for the same time period. Averages of onsite and
offsite sample results are also included for com-
parison. New sample locations were added in 1986
and 1987.

Radionuclide concentrations in vegetation samples
collected on and off the Site in 1987 were similar to
those observed at the same locations during previ-
ous years. Figure 3.53 provides histograms illustrat-
ing median (middle) values of %Sr, '¥’Cs, 239:240py,
and uranium for all samples. The high '¥Cs value
recorded in 1986 was attributed to the Chernobyl
incident. The effect of Chernobyl was not noted in
the results for 1987. As with soil data, concentrations
of ¥Sr and #92°Py in onsite vegetation were slightly
elevated compared with offsite concentrations. Ura-
nium concentrations in vegetation, however, were
slightly higher at offsite locations than at onsite
locations.
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3.7 PENETRATING-RADIATION MONITORING

L. A. Rathbun

Dose rates from penetrating radiation (Jamma rays) were measured at a number of locations in the
Hanford environs during 1987. Measurements were made using thermoluminescent dosimeters
(TLDs) to provide estimates of the dose rates from external radiation sources. Penetrating radiation
from naturally occurring sources, including cosmic radiation and natural radioactive materials in the
airand ground, as well as worldwide fallout, was recorded at all dosimeter locations. Dosimeters also
measured dose rates from exposure to radioactive materials associated with activities at Hanford.
Results obtained both on and off the Site were similar to those of past years. Dose rates near
operating facilities were somewhat higher than natural background rates.

Radiation surveys were conducted at numerous locations on the Hanford Site. Onsite roads,
railroads, and retired waste-disposal sites located outside of operating areas were routinely surveyed
during 1987. These surveys were designed to identify areas where levels of radioactivity were
abnormal. Survey results for 1987 were comparable to those of past years. No unexpected or

abnormal conditions were observed on Site highways or railroads.

PENETRATING-RADIATION MEASUREMENTS

External radiation measurements were made using-

environmental TLDs at numerous locations on the
Site, around the Site perimeter, in nearby and distant
communities, and along the shoreline of the Colum-
bia River. Environmental radiation dosimeters con-
sisted of five CaF,:Mn thermoluminescent chips
encased in a plastic capsule. The capsule contained
a lead/tantalum filter to provide uniform dose re-
sponse characteristics for penetrating radiation
above 60 kilo electron volts (keV) (Fix and Miller
1978). Dosimeters were mounted 1 m above ground
level and were exchanged every 4 weeks, with the
exception of the shoreline TLDs, which were ex-
changed quarterly. Although they were measuredin
milliroentgens (mR), measured doses are reported
in dose equivalent units (mrem) to allow comparison
with dose standards and dose equivalents reported
elsewhere in this document. The TLDs record radia-
tion exposure from natural and fallout sources, as
wellas any local contribution (NCRP 1987). Because
the dosimeter is used in a multienergy beta/gamma
radiation field (the environment near Hanford) that
ditffers considerably from calibration conditions
('¥Cs photons in air), the conversion factor relating
mrem to mR may not be exactly 1.0. Nonetheless, it
is assumed to be 1.0 throughout this report.

Dosimeters were placed at numerous locations in
the vicinity of Hanford and at several locations more
distant from the Site (Figure 3.54). Dose rates

measured at each location during 1987 are given in
Table A.50, Appendix A. Offsite dosimeter locations
were chosen to represent areas that could have
been inhabited continuously. Dose measurements
at these locations are reported in mrem/yr.

Results were similar to those observed in previous
years for the same locations. However, new calcula-
tional methods cause dose measurementsto appear
about 16% higher than in previous years. The back-
ground dose rate, calculated from the annual aver-
age dose rates observed at distant locations, was 72
mrem/yr (0.008 mremvh), in contrast to the 60 mrem/
yrreported last year. Dose rates measured at Seattle
and Spokane in 1985 by the WDSHS were 56 mrenmy/
yr and 88 mrenvyr, respectively (WDSHS 1987).

Figure 3.55 shows average annual dose rates mea-
sured at perimeter and distant locations during 1987
and the previous 5 years. In this figure, some year-
to-year variation is apparent. In addition to natural
variability of penetrating radiation in the environs at
both nearby and distant locations, the resuits are
affected by administrative changesinthe analyses of
environmental TLDs. The natural variability is due to
severalweather and climatic factors andto solarflare
activity. Thus it is difficult to quantify. Because the
administrative changes (e.g., sampling period
changes, background correlations) are large enough
to cause the variability apparent in Figure 3.55, it is
assumed that the administrative changes are more
important than natural year-to-year variability.
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Inthe past, some TLDs were apparently self-dosing
(i.e., dose from trace radioactive material in the TLD
itself was measured), requiring that a correction
factor be applied. The TLDs used in 1987 did not
exhibit this self-dosing characteristic, and therefore
no self-dosing correction was applied. In addition,
background corrections to the 1987 data were made
on a different basis than had been done previously.
In the past, to control for dose received in storage,
control TLDs were placed in a safe when returned
from the field and were read approximately 1 week
later. In 1987, control TLDs were kept in storage for
the entire monitoring cycle (1 to 3 months). Then the
appropriate fractions of this storage dose (according
to how long the TLDs were stored) were subtracted
from field TLD results. This procedure provided

lower but more accurate background corrections.
Figure 3.55 also shows that dose rates at perimeter
stations generally averaged 10 mrem/yr higher than
at distant locations. The differences may have been
caused by natural geographic variations interrestrial
radiation and by variations resulting from human
activities such as paving of offsite monitoring loca-
tions.

Dosimeters were submerged in the Columbia River
at Coyote Rapids and the Richland Pumphouse
(Figure 3.56) to provide an estimate of penetrating
dose rates that could be received by a person im-
mersed in the river. The measurements, shown in
Table A.51, Appendix A, indicated a dose rate less
than the background dose rate of 0.009 mrem/h
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measuredon land. The average dose rates at both
the Coyote Rapids and the Richland Pumphouse lo-
cations were 0.006 mrem/h during 1987. These dose
rates have remained low, with a range of 0.003 to
0.006 mrem/h over the years.

Dosimeters were placed at several publicly acces-
sible locations near the perimeter of operating areas
onthe Hanford Site (Figure 3.57). Locations included
the Columbia River shoreline near the 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. Results for 1987 are shown in Table A.52,
Appendix A. Results are reported as mrenvh (in-
stead of mrem/yr) because the locations are not
continuously occupied by the same person.

Dose rates near the 100-N Area on the river shore-
line were slightly above background but were similar
to those observed in previous years. The maximum
dose rate recorded near the 100-N Area was 0.039
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FIGURE 3.56. Environmental Dosimeter Locations Along the Hanford Reach of the Columbia River (see
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FIGURE 3.57. Environmental Dosimeter Locations at Publicly Accessible Onsite Locations in 1987 (see

location number key in Table A.52)

mremvh, while the average varied between 0.018
and 0.032 mrem/h. Dose rates in this vicinity were at-
tributed to waste-management activities within the
100-N Area.

Dose rates at publicly accessible locations along the
west perimeterof the 300 Areawere slightly elevated
compared to normal background levels of 0.009

3.55

mrem/h. The highest dose rate measured along the
west perimeter of the 300 Areawas 0.063 mrenvh, at
alocation near a research facility housing a radioac-
tive steam generator that was being studied during
the first half of 1987. The average dose rate at the
other 300 Area perimeter location near a publicly
accessible area was also higher than background
(0.011 mrem/h).




The dose rate near the Visitors Center at the 400
Area was at background, indicating that penetrating
radiation at this location could not be attributed to
FFTF activities during 1987.

Low levels of radioactivity (primarily °Co and '>Eu)
from past reactor operations in the 100 Areas were
measured at several locations along the shorelines
and on islands in the Hanford reach of the Columbia
River. Radiation dose rates from these radionuclides
were the subject of an extensive radiological survey
in1979 (Sula 1980). In 1980, based onfindings of the
survey, dosimeters were placed in areas along the
river (see Figure 3.56) where dose rates were deter-
mined to be slightly elevated with respect to back-
ground levels. Table A.53, Appendix A, provides

results of measurements taken at these locations
during 1987. Dose rates measured during 1987 were
similar to those observed in recent years.

Onsite external penetrating radiation was measured
at the locations shown in Figure 3.58. Results of
these measurements are given in Table A.54,
Appendix A. Dose rates above background levels
were observed at several onsite locations during
1987. The rate in excess of background observed
nearthe 100-N Areawas attributedto short-lived, air-
borne noble gases and direct radiation from waste-
handling and storage facilities. Dose rates at two of
the 300 Area locations (locations 15 and 16 of Figure
3.58) were higher than background during 1987.
These locations were near the facility where a
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radioactive steam generator was being studied,
which would account for the higher-than-
background levels. Dose rates around the 200 and
400 Areas were within the expected background
levels. '

RADIATION SURVEYS

Onsite roads, railroads, and inactive radioactive-
waste disposal sites outside of operating areas were
routinely surveyed during 1987 to detect abnormal
levels of radioactivity. The frequency of surveys on
specific routes for roads and railroads was based on
their use and the potential for their contamination.
Most waste sites were surveyed twice during 1987.
Specific routes and frequencies for surveys con-
ducted during 1987 were defined in a master sched-
ule developed by PNL.

Roads shown in Figure 3.59 were surveyed routingly
using four scintillation detectors positioned
approximately 0.5 m above the ground, evenly
spaced across the width of a vehicle. No abnormal
conditions were observed on Site roadways during
1987. Railroad routes (Figure 3.59) were surveyed
using a small railcar with two scintillation detectors
mounted approximately 0.3 m directly above the
tracks. Surveys conducted during 1887 did not
reveal any abnormal conditions on Site railways.

Inactive waste-disposal sites outside operating-area
perimeter fences were surveyed during 1987 with
portable instruments to detect changes in the levels
of external radioactivity. The general physical condi-
tion of the sites was also visually inspected. In
general, radiation surveys conducted during 1987
showed levels comparable to those observed in past
years.
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FIGURE 3.59. Road and Railroad Survey Routes in 1987
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3.8 COMPARISON OF MEASUREMENTS WITH CALCULATIONS AND
OTHER MONITORING RESULTS

R. E. Jaquish

Measurements of radiation levels and radionuclide concentrations in the environment were
used to estimate the radiological impact of Hanford operations. The quantities of radionu-
clides released to the environment were usually small, and frequently it was not possible to
measure radioactivity attributable to Hanford operations. For dose calculations, environ-
mental concentrations of radionuclides in air, water, and other media were calculated based
on the quantities released in varlous effluents. To verify that calculated environmental
concentrations used in the dose models were reasonable, concentrations of radionuclides
that could be measured In air and water were compared with calculated values. Calculated
concentrations used for radiological dose assessment were verified as reasonable esti-
mates. Monitoring results from other organizations in Washington and the Hanford vicinity
were reviewed. These data did not show radionuclide concentrations to be different from

national ambient radiation levels.

For most radionuclides on and around the Hanford
Site, concentrations were low and indistinguishable
from background. Dose estimates were based on

radionuclide concentrations calculated from re-

ported effluents using appropriate dispersion and
dose models (see Appendix F). To determine
whether the models had provided reasonable con-
centrations, measured concentrations of radionu-
clides in air and surface water were compared with
the calculated concentrations. Most concentrations
were near minimum detectable levels, but even at
these levelsitwas possible to determine whetherthe
calculated concentrations were inthe same range as
measured concentrations.

Table 3.5 lists the major nuclides contributing to the
radiological dose from Hanford operations’ liquid
effluents to the Columbia River. The table also
compares calculated concentrations with measured
concentrations. The Richland Pumphouse was used
as the station for comparing concentrations. Meas-
urements taken at Priest Rapids Dam were used as
the background to be subtracted to estimate the net
concentration at the Richland Pumphouse.

For %8Sr, 131, 1¥7Cs, and 2%240py, the measured con-
centrations were low and no increase resulting from
effluents could be detected. With the exception of °H,
'29], and uranium, the calculated downstream con-
centrations were also low, below the sensitivity of the
monitoring methods. The measured concentration of
%H was greater than that calculated from the moni-
tored liquid effluents to the Columbia River. The cal-
culated added concentration from monitored

effluents was 1 pCi/L, and the measured difference
was 60 pCi/L. This difference indicates an additional
source of *H along the Hanford reach attributed to
seepage from the Hanford shoreline (McCormack
and Carlile 1984). Incomplete mixing of the *H plume
at this location could also contribute to the elevated
measured concentration. There was no monitored
liquid effluent for '2°| or uranium. The smallincreases
inthese two radionuclides measured at the Richland
Pumphouse are also presumed to be from ground
water. (See “Ground-Water Monitoring,” Section
3.2)

A similar comparisonwas made for airborne radionu-
clides by calculating concentrations forthe perimeter
monitoring focation nearest the Site (Ringold) and
comparing these values with the measurements at
this location. Average results for distant stations
were used as the background level to be subtracted
from the Ringold results to estimate the net concen-
tration contributed by Hanford effluents. The 1987

average dispersion values (X/Q') were used for
these calculations (see Tables F.5 to F.8, Appendix
F). Table 3.6 lists the major airborne effluents from

the 200 Areas and shows the calculated and net
measured concentrations at the Ringold location.

For3H, %8Sr, 131, 137Cs, and #924%Py, the net measured
perimeter concentrations were very low or negative,

indicating no detectable contribution from the Han-
ford effluent. This conclusion agrees with the calcu-
lated concentrations, which indicate very low levels

that would be below the detection levels of the
measurement techniques. The calculated ®Kr con-
centration was 22 pCi/m® and the measured
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TABLE 3.5. Measured and Calculated 1987 Annual Average Concentrations of Selected
Radionuclides in the Columbia River

‘Calculated
100 Area Concentration Added Measured Concentration at Richland

Radionuclide Releases, Ci® Downstream, pCi/L Pumphouse Minus Background, pCi/L

H 98 1 60

%Co 0.33 0.004 0.004

89Sr 0.83 0.009 0.03

0Gr 25 0.03 -0.01®

129 ---0) 0.0001

3 0.0043 0.00005 -0.007®

37Cs 0.08 0.0009 -0.006®

233,240py 0.0005 0.00001 -0.0001®

U Total ---te) 0.05

(a) From Table G.5, Appendix G.
(b) Negative concentration values indicate results less than the background value.
(c) Indicates no monitored effluent for these radionuclides.

TABLE 3.6. Measured and Calculated 1987 Annual Average Air Concentrations of Selected
Radionuclides (pCi/m?3)

Calculated Measured Perimeter
Perimeter Concentrations
200 Area Concentrations at Ringold Minus
Radionuclide Releases, Ci® at Ringold Background®
3H 70 0.02 -0.8
85Kr 70,000 20 6
%0Sr 0.0002 6 x 107 -0.00003
29 05 0.0002 0.000006
181 <0.0002 <6 x 10°® -0.001
137Cs 0.00004 1 x10% -0.00007
239,240py 0.0004 1 x 107 0.0

(a) From Table G.5, Appendix G.
(b) Negative concentration values indicate results less than the background value.
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concentration was 6 pCi/m®. This is reasonable
because the straight line model tends to give results
higher than observed in actual wind fields. Although
the measured and calculated concentrations of 12|
were very low, the calculated results were greater
than the measurements. Uncertainties in both the
quantity released and the environmental measure-
ments could contribute to the differences observed.

In general, the comparison of measured and calcu-
lated concentrations for a limited number of radionu-
clides in air and water indicated that the calculated
concentrations were in the correct range, as identi-
fied by environmental monitoring measurements.

Other Monitoring Data

The states of Oregon and Washington and the EPA
performed environmental monitoring in 1987; how-
ever, these organizations collected only limited
amounts of data from the Hanford vicinity. The fol-
lowing monitoring was performed by these organiza-
tions:

Monitoring Locations

U.S. Environmental Protection Agency
Gross Beta in Air Olympia and Seattle, Wash.
Tritium in surface Northport and Richland,

water Wash.
Radionuclides in Seattle and Spokane,
pasteurized Milk Wash.

Strontium-89 and -90 Region 10 composite
in pasteurized milk

. Radioactivity in

State of Washington

Hanford Site

Priest Rapids and
Richland, Wash.

100-N Area Springs

Radioactivity in air

Columbia River

Radioactivity in
springs

Radioactivity in soil  Hanford Site

State of Oregon

Radioactivity in
springs

100-N Area Springs

Monitoring data for 1987 fromthe states of Washing-
ton and Oregon are not available in published form.
Table A.57, Appendix A, lists the 1986 data for the
joint sampling of the Columbia River and seep
springs by the states and PNL.

The EPA monitoring is conducted through their
Environmental Radiation Ambient Monitoring Sys-
tem. Monitoring results are compiled and distributed
quarterly (EPA 1987b) by the Office of Radiation
Programs’ Eastern Environmental Radiation Facility
in Montgomery, Alabama.

The EPA monitoring results for Washington State
and the Hanford vicinity are similar to the ambient
background levels from other parts of the United
States. A summary of EPA results for 1987 is shown
in Table 3.7.
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TABLE 3.7. U.S. Environmental Protection Agency and PNL Results - 1987

Tritium in Surface Water, pCi/lL

Northport, Wash. EPA Jan-March 1987 100 + 200
Richland, Wash. EPA Jan-March 1987 100 + 200
Richland, Wash. PNL 1987 Mean 130+ 10

Tritium in Drinking Water, pCi/L

Seattle, Wash. EPA Jan-March 1987 100 = 200
Richland, Wash. EPA Jan-March 1987 300 £ 200
Richland, Wash. PNL 1987 Mean 130+ 10

Gross Beta in Air Particulates, pCi/m®

January February March 1987 Mean
Olympia, Wash. EPA 0.00 0.00 0.00
Spokane, Wash. EPA 0.02 0.01 0.01
Hanford Perimeter PNL 0.03

Radionuclides in Pasteurized Milk, pCi/L

137Cs MOBa 131|
Seattle, Wash. Jan EPA 10 £ 3
Feb EPA 20 + 7 8 + 8 4 + 7
Mar EPA 13 + 7 5 + 8 5 + 7
Spokane, Wash.  Mar EPA 9 + 18 -17 + 18 1 + 14
Riverview, Wash. 1987 Mean  PNL 36 £+ 91 001 = 035
Strontium in Pasteurized Milk, pCi/L
8Sr 93¢
EPA Region 10 Comp.  Jan-March EPA 2 1 04 + 04
Riverview, Wash. 1987 Mean PNL 28 £ 71 08 = 1.0
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4.0 POTENTIAL RADIOLOGICAL DOSES FROM 1987
HANFORD OPERATIONS

J. K. Soldat

An assessment was made of the radiological dose from Hanford operations during 1987. The
calculated effective dose equivalent® received by a hypothetical maximally exposed individual in
1987 was 0.05 mrem, less than the 0.09 mrem estimated for 1986. The effective dose to the
surrounding population (adding the doses to an average individual from all sources, then
multiplying by the number of people in the area) was about 4 person-rem, compared to 9 person-
rem estimated for 1986. The current DOE radiation standards for protection of the public are
100 mrem/yr for prolonged exposure and 500 mrem/yr for occasional annual exposures to a
maximally exposed individual.® All measured and calculated radiation doses were well below the
applicable standards for radiation protection, and were substantially less than doses normally
received from common sources of background radiation.

Radioactive materials were released to the environ-
ment as air and water effluents from Hanford
operations during 1987. Potential radiation doses to
the public that resulted from these releases were
evaluatedindetail, as requiredby DOE Order5481.1
(DOE 1981b), to determine compliance with perti-
nent regulations and standards.

The potential radiological impacts of 1987 Hanford
operations were assessed in terms of the following:

« the maximum dose rate at a publicly acces-
sible location on or within the Site boundary
(this quantity is also termed the “fence-post”
dose rate)

the dose to a hypothetical, maximally ex-
posed individual at an offsite location, ex-
pressed as the effective dose

the effective dose to the population residing
within an 80-km radius of one or more of the
onsite operating areas.

To the extent possible, radiation dose assessments
should be based on direct measurements of radia-
tion exposure rates or radionuclide concentrations in
the surrounding environment. If statistically signifi-

(a) Hereafter referred to as “effective dose” (see
Glossary, Appendix B, and Appendix F).

(b) Memo from W. A. Vaughan, Assistant Secretary
for Environment Safety and Health, U.S. Depart-
ment of Energy, to DOE Field Offices, August 5,
1985.

4.1

cant concentrations of radionuclides in the offsite
environment attributable to Hanford operations were
detected by monitoring, dose calculations were
made using measured concentrations. However,
the amounts of radioactive materials released during
1987 were usually too small to be measured directly
once they were dispersed in the offsite environment.
Afew radionuclides, ®H and '® I in the Columbia River
and #Krin air, were detectable in the offsite environ-
ment and dose calculations were made on the basis
of measured concentrations. For most radionuclides
in environmental media, it was not possible to distin-
guish between concentrations resulting from either
worldwide fallout or effluent releases from Hanford
operations during 1987.

In most cases, potential offsite radiation doses were
estimated using computer models that predicted
concentrations of radioactive materials in the envi-
ronment from effluent releases. These models are
described in Appendix F, and the reported Hanford
effluents for 1987 are shown in Tables G.1 through
G.6, Appendix G. Measured and estimated concen-
trations of selected radionuclides are compared in
“Environmental Monitoring Results,” Sections 3.1
through 3.8.

Estimated potential offsite radiation doses to the
publicwere small. Although the accuracy associated
with the computed radiation dose calculations is not
specified, maximum parameter values (i.e., plant
uptake and consumption factors) were selected for
use in the models. Thus, the doses calculated using
these models should be viewed as maximum esti-
mates (made using maximizing assumptions) of the
potential doses resulting from 1987 Hanford opera-
tions.



MAXIMUM “FENCE-POST” DOSE RATE

The “fence-post” dose rate is a measure of the
maximum potential external radiation dose rate at
publicly accessible locations on or near the Site. The
“fence-post” dose rate was determined from radia-
tion exposure measurements using fixed environ-
mental dosimeters placed at locations of expected
maximum dose rates. It does not represent the dose
actually received by any member of the public, but
rather the radiation dose absorbed by the dosimeter.
The reporting of maximum “fence-post” dose rates is
required by DOE Order 5484.1 (DOE 1981b).

“Fence-post” dose rates were measured in the vicin-
ity of the 100-N, 300, and 400 (FFTF) operating
areas, as described in the section “Penetrating
Radiation Monitoring,” Section 3.7. The 200 Areas
were notincluded because they are not accessible to
the general public.

The Columbia River provides public access to an

area within a few hundred meters of the N Reactor

and supporting facilities. Measurements made atthe
100-N Area shoreline (Table A.52, Appendix A) were
consistently above background. The highest
average dose rate observed along the shoreline
during 1987 was 0.03 mrenvh (0.0003 mSv/h), or
about four times the dose rate normally observed at
offsite shoreline locations (0.007 mrem/h or 0.00007
mSv/h).

The FFTF Reactor Visitors Center, located south-
east of the FFTF Reactor building, provides public
access to the 400 Area. Dose rate measurements
during 1987 at this location (Table A.52, Appendix A)
showed essentially normal background radiation
levels (0.009 mremvh or 0.00009 mSv/h).

Dose rates along the perimeter of the 300 Areawere
above background levels at some locations acces-
sible to the general public. The highest average dose
rate measured was 0.06 mrenvh (0.0006 mSv/h)
over a 2-day period in early 1987 near a research
facility housing a radioactive steam generator. The
average dose rate for other 300 Area perimeter lo-
cations accessible to the public was 0.011 mrem/h
(0.00011 mSv/h).

The impact from these reported “fence-post” dose
rates was negligible. They should not be used to
calculate annual doses to the general public be-
cause nooneresides atthese “fence-post”locations.

4.2

MAXIMALLY EXPOSED INDIVIDUAL DOSE

The maximally exposed individual is a hypothetical
person, living at a single location, who has a life style
that results in him/her receiving the maximum calcu-
lated radiation dose using maximum assumptions
with regard to location, inhalation of radioactive
effluents, consumption of contaminated foods and
water, and direct exposure to contaminants. This
individual's characteristics were chosento maximize
the potential combined doses from all realistic, avail-
able exposure pathways from environmental re-
leases at Hanford. The particular characteristics of
the maximally exposed individual were based on
factors such as the total amount, composition, and
dispersion of effluents released to the air or the
Columbia River.

The following exposure pathways were included in
the calculation of doses to the hypothetical maxi-
mally exposed individual: inhalation of and submer-
sion in airborne effluents, consumption of foods
contaminated by radionuclides deposited on the
ground from airborne materials and by irrigation with
water from the Columbia River, direct exposure to
radionuclides deposited on the ground, use of drink-
ing water originating from the Columbia River, con-
sumption of fish taken from the Columbia River, and
direct exposure to radionuclides while using the
Columbia River for recreation. The hypothetical
maximally exposed individual for 1987 was postu-
lated to be an individual who:

* wasa residentin an area approximately 13
km south-southeast of the 300 Area

consumed foodstuffs grown in the north-
western part of the Riverview district using
Columbia River water for irrigation

ingested drinking water obtained from the
Pasco sanitary water system

used the Columbia River extensively for
boating, swimming, and fishing, and con-
sumed the fish that were caught.

The doses to the hypothetical maximally exposed
individual were calculated using the effluent data in
Tables G.1 and G.5, Appendix G and monitoring
data.



The calculated committed doses 1o specific organs
and the effective doses for the maximally exposed
individual are summarized in Table 4.1. These val-
ues include the doses received from exposure to
liquid and airbome effluents during 1987, as well as
from potential exposure beyond 1987 from radionu-
clides deposited in the body during 1987 via
inhalation and ingestion of drinking water, fish, and
farm products.

The total effective dose to the hypothetical maximally
exposed individual in 1987 was calculated to be 0.05
mrem (0.0005 mSv). The primary pathways contrib-
uting to the 1987 effective dose to the maximally
exposed individual were:

« consumption of food irrigated with Columbia
River water (19%)

+ consumption of food containing radionu-
clides deposited from the air (54%)

» consumption of pan fish from the Columbia

The effective dose limits for any member of the
general public from all routine DOE operations are
500 mrem/yr (5 mSv/yr) for occasional exposures
and 100 mrenvyr (1 mSv/yr) for prolonged exposure
periods.® The calculated effective dose for the
hypothetical maximally exposed individual was
0.05% of the prolonged exposure limit. The dose limit
forany individual organis 5000 mrem/yr (50 mSv/yr).
Inthe maximally exposed individual, the organ calcu-
lated to receive the highest dose was the thyroid
(0.02% of the limit).

Comparison with Clean Alr Act Standards

Additionallimits for the air pathway are providedin 40
CFR 61, Subpart H of the Clean Air Act (EPA 1983).
25 mrem/yr (0.25 mSv/yr) whole-body committed
dose and 75 mrem/yr (0.75 mSv/yr) committed dose
to any organ for any member of the public. The 1987
emissions resulted in doses that were 0.1% of the

(a) Memo fromW. A. Vaughan, Assistant Secretary
for Environment Safety and Health, U.S. Depart-

River (16%). ment of Energy, to DOE Field Offices, August 5,
1985.
TABLE 4.1. Calculated Committed Doses and the Effective Dose to the Hypothetical
Maximally Exposed Individual from 1987 Hanford Operations (mrem)
50-Year Committed Dose
Red Bone Effective
Pathway Marrow Surfaces  Lung Gl@ Thyroid Dose®
Air - Direct © 0.003 0.009 0.004 0.001 0.008 0.002
-Food @ 0.001 0.001 0.001 0.001 0.8 0.03
Water'® - Foods® 0.04 0.07 0.003 0.01 0.007 0.01
- Drinking Water 0.005 0.007 0.003 0.004 0.003 0.003
- River Recreation® 0.02 0.05 0.004 0.01 0.005 0.009
Total 0.07 0.1 0.02 0.03 0.8 0.05

(a)
(b)

Gastrointestinal tract (lower large intestine).

includes some organs not listed here.

Effective dose is compiled from the product of each organ’s dose and its weighting factor and

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

(d)
(e)

Includes consumption of all foodstuffs contaminated via dry deposition.
Includes consumption of all foodstuffs contaminated via irrigation water.

()  Includes consumption of fish taken from the Columbia River.

(9)

Includes dose from ground-water seepage (°*H and ') to the river.
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whole-body dose limit and 1% of the dose limitfor the
maximally exposed organ (thyroid). Thus, the
calculated maximum hypothetical annual doses for
1987 Hanford releases were well below all
applicable standards.

The effective dose for the maximally exposed indi-
vidual from 1987 Hanford operations is compared
with the doses for 1985 and 1986 in Figure 4.1. The
calculated committed organ doses and effective
doses for 1985, 1986, and 1987 are in Table 4.2.

POPULATION DOSE

The regional population dose from 1987 Hanford
operations was estimated by calculating the radia-
tion dose to the population residing within an 80-km
radius of any of the onsite operating areas. Popula-
tion doses are expressed in units of person-rem. The
results are shown in Table 4.3, in terms of the
committed organ dose and the effective dose. Site-
specific population distribution characteristics, food

pathway and dietary parameters, residency parame-

ters, and recreational activity parameters assumed
for these calculations are given in Tables F.1to F.4
and F.9 to F.12, Appendix F.

0.12

0.10

0.08

0.06

0.04

Effective Dose, mrem

0.02

0.00

1987

1985 1986
Calculated Effective Doses to the
Maximally Exposed Individual for
1985, 1986, and 1987

FIGURE 4.1.

The effective dose to the population was calculated
to be 4 person-rem (0.04 person-Sv) in 1987, com-
pared to 9 person-rem (0.09 person-Sv) in 1986.
This dose corresponds to an average per capita
effective dose of 0.01 mrem (0.0001 mSv) for indi-
viduals living within 80 km of Hanford. The decrease

TABLE 4.2.

Calculated Committed Organ Doses and

Effective Dose to the Hypothetical Maximally
Exposed Individual from Hanford Operations,
1985 Through 1987 (person-rem)

Committed Dose®

Red Marrow
Bone Surfaces
Lung

Gl ©

Thyroid

Effective Dose ©

1985 1986 1987
0.3 0.3 0.07
0.7 0.6 0.1
0.07 0.03 0.02
0.09 0.04 0.03
1.0 0.9 0.9
0.1 0.09 0.05

(a) Total 50-year committed dose to each organ from
exposure to all available pathways.

(b) Gastrointestinal tract (lower large intestine).

(c) Effective dose compiled from the product of each
organ’s dose and its weighting factor, and includes some

organs not listed here.
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TABLE 4.3. Calculated Committed Organ Doses and the Effective Doses for the 80-km Population
from 1987 Hanford Operations (person-rem)

50-yr Committed Dose

Red Bone Effective
Pathway Marrow Surfaces Lung Gl@ Thyroid Dose®

Air - Direct®©@ 0.6 2 0.9 0.5 2 0.6

- Foods!? 0.1 0.1 0.08 0.09 110 3
Water@ - Foods'® 0.03 0.07 0.004 0.01 0.01 0.01

- Drinking Water 0.2 0.3 0.1 0.1 0.1 0.1

- River Recreation® 0.01 0.02 0.003 0.005 0.003 0.004

Total 0.9 2 1 0.7 110 4

(a) Gastrointestinal tract (lower large intestine).

(b) Effective dose compiled from the product of each organ’s dose and its weighting factor, and

includes some organs not listed here.

(c) Includes inhalation, submersion, and direct exposure to ground deposition.
(d) Includes consumption of all foodstuffs contaminated via dry deposition.

(e) Includes consumption of all foodstuffs contaminated via irrigation water.

(H Includes consumption of fish taken from the Columbia River.

() Includes dose from ground-water seepage (*H and '®l)to the river.

in the estimated radiation doses for 1987 reflect the
decrease in the release rates of radionuclides to the
environment from Hanford facilities. The latter de-
crease, in turn, reflected cuntailed operations at the
N reactor and the PUREX Plant in 1987. (See “Major
Activities,” Section 2.1)

A comparison of the 80-km population doses attrib-
utedto 1985, 1986, and 1987 Hanford operations are
given in Figure 4.2 and Table 4.4.

The primary pathways contributing to the 1987 ef-
fective dose for the population were

« air submersion in the short-lived noble
gases from the N Reactor (8%)

« consumption of foodstuffs contaminated
with radionuclides released with gaseous
effluents from the PUREX Plant stack
(81%).

The air submersion and inhalation pathways were
the primary sources of radiation dose to the bone
surface. The dose to the thyroid resulted primarily
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Effective Dose, person-rem

1985

1986 1987

FIGURE 4.2. Calculated Effective Dose to the 80-
km Population in 1987

from the consumption of food containing the long-
lived radionuclide %I, released with the gaseous
effluents from the PUREX Plant.

The average per capita effective dose from 1987
Hanford operations, based on a popuiation of
340,000 within 80 km, was 0.01 mrem. This dose



TABLE 4.4.

Calculated Committed Organ Doses and Effective Dose

to the 80-km Population from Hanford Operations,
1985 Through 1987 (person-rem)

Committed Dose® 1985
Red Marrow 6
Bone Surfaces 31
Lung 13
GI® 4
Thyroid 98
Effective Dose® 9

1986 1987
5 0.9
12 2
7 1
4 0.7
120 110
9 4

(a) Total 50-year committed dose to each organ from exposure

to all available pathways.

(b) Gastrointestinal tract (lower large intestine).
(c) Effective dose equivalent compiled from the product of each
organ’s dose and its weighting factor, and includes some organs

not listed here.

estimate may be compared with doses from other
routinely encountered sources of radiation, such as
natural terrestrial and cosmic background radiation,
medical treatment and x-rays, natural internal body
radioactivity, and inhalation of radon. The average
radiation doses from these sources are illustrated in
Figure 4.3. The estimated per capita dose for individ-
ual members of the public is only a small fraction of
the annual per capita effective radiation dose from
natural background and medical sources of radiation
(about 360 mremin the Tri-Cities area of Washington
State). The contribution of radon (200 mrem) to the
effective dose from natural background sources has
only recently been quantified by authoritative U.S.
organizations (NCRP 1987).

RADIOLOGICAL IMPACT FROM PAST
OPERATIONS

Columbia River

Measured levels of certain radionuclides in the Co-
lumbia River have been attributed to past operations
atHanford. (See “Surface Water Monitoring,” Section
3.3) The primary environmental impacts resulting
from past operations were residual radionuclides
deposited along the Columbia River shoreline in river
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sediments and the seepage of ground water into the
river from the unconfined aquifer.

Environmental radiation dose rates resulting from
residual radionuclides deposited along the Colum-
bia River shoreline were discussed in "Maximum
‘Fence-Post’ Dose Rates,” Section 4.0. (See also
“Penetrating Radiation Monitoring,” Section 3.7).

Although 'l was not released directly to the Colum-
bia River from Hanford facilities in 1987 (Table G.5,
Appendix G), this nuclide was measured at low
concentrations in the Columbia River at the Rich-
land Pumphouse. In addition, the measured con-
centration of 3H at the Richland Pumphouse was
higher than that predicted from measured effluents
to the Columbia River. These concentrations are
attributed to seepage from ground water.

The effective dose from the extra concentrations of
thesetwo radionuclidesinthe riveris estimatedto be
0.007 mrem (7 X 10° mSv) to the maximally ex-
posed individual, and 0.1 person-rem (0.001 per-
son-Sv) to the 340,000 people within 80 km. The
extra contributions from 3H and '] are included in
the doses from individual water exposure pathways
and in the total doses listed in Tables 4.1 and 4.3.



Internal
40 mrem

Terrestrial\

N \
Cosmic \\ \
30 mrem N\ \

Medical 39 mrem

Medical X-ray 14 mrem

Consumer Products 11 mrem

Radon
200 mrem

| Other <1 mrem

Occupational 1 mrem
Fallout <1 mrem
Nuclear Fuel Cycle 0.05 mrem
Miscellaneous 0.06 mrem

FIGURE 4.3. Annual Radiation Doses from Various Sources (mrem) (NCRP 1987)

RADIOLOGICAL IMPACT FROM PUREX PLANT
OPERATIONS

The PUREX Plant operated for 2 months in 1987. in
addition to the dose contributions identified earlier
from PUREX Plant operations, other minor dose
contributions are discussed here. The greatest per-
centage of the radionuclides emitted to the air from
the PUREX Plant in 1987 was 70,000 Ci of 8Kr (see
Table G.1, Appendix G). Krypton-85 is an inernt gas
and is not retained in environmental media or the
human body. The dose from inhaling #Kr is small
compared with doses from other radionuclides.
Consequently, even though the curie quantity of this
radionuclide was large, it was a minor contributor to
the radiation dose. The average concentration of 8Kr
measured in 1987 at the five perimeter monitoring
stations (see Figure 3.5) was 40 pCi/m?3, which was
calculated to produce a potential effective dose of 7
x 10 mrem to an individual who was at that “aver-
age” location 100% of the time.

In 1987, there was 0.0004 Ci of 2224Py in airborne
emissions from the PUREX Plant (see Table G.1,
Appendix G), compared to 0.003 Ciin 1986. Pluto-
nium-239,240 was a minor contributor to the dose

4.7

from 1987 Hanford operations, with a maximum
potential effective dose of 3 x 10“ mrem (3 x 10
mSv).

RADIOLOGICAL IMPACT OF DRINKING
WATER FROM WELLS

During 1987, ground water was used as the source
of drinking waterforthe 400 Area (FFTF), the Yakima
Barricade Guardhouse, and the Hanford Patrol
Training Academy. Samples were collected from
these systems throughout the year in accordance
with applicable drinking water regulations. Radionu-
clide concentrations observed during 1987 were well
below applicable drinking water standards.

With the exception of the FFTF drinking water sup-
ply, results for 1987 were similar to those observed
in 1986. The concentrations of ®*H measured in the
FFTF drinking water have been decreasing since a
new deeperwellwas drilled for the water source. The
average concentration measured in 1987 was
4,100 pCi/L, compared to 8,500 pCi/L in 1986 and
22,000 pCi/L in 1985. The effective dose to a worker
drinking 250 L of water containing the concentration
of ®H measured at FFTF in 1987 was calculated to be



0.06 mrem (0.0006 mSV) or 2% of the Washington  thyroid dose would be 0.03 mrem (0.0003 mSv).

State Drinking Water Standard of 4 mrem/yr. These doses are well below DWS. Nonradiological
and radiological results from the Hanford Sanitary

One sample of FFTF drinkingwater was analyzedfor ~ Water Quality Surveillance Program are discussed

2| in 1987. The result was 0.013 pCi/L. The effective  in more detail and reported annually by HEHF

dose from consuming 250 L of such water wouldbe  (Somers 1988).

9 x 10* mrem (9 x 10 mSv); the corresponding
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5.0 QUALITY ASSURANCE

J. A. MaclLellan

Comprehensive quality assurance programs were maintained to ensure that data collected
were accurate and representative of actual concentrations Iin the environment. These
programs covered surface- and ground-water monitoring for radionuclides and chemicals.
Extensive environmental data were obtained to eliminate an unrealistic reliance on only a few
results. Newly collected data for each location and each environmental medium were
compared with recent results and historical data to ensure that deviations from previous
conditions were identified and promptly evaluated. Samples at all locations were collected
using well established and well documented procedures to maintain consistency in sample
collection. Samples were analyzed by documented standard analytical procedures. The data
quality was verified by a continuing program of analytical laboratory quality control,
participation in interlaboratory cross-checks, replicate sampling and analysis, and splitting
samples with other laboratories. The ground-water monitoring program included procedures
for 1) documenting instrument calibrations and procedures used in the field and the
laboratory, 2) scheduling maintenance of wells to assure well integrity, 3) inspecting wells
using downhole TV cameras and other devices, and 4) using dedicated sampling pumps to
avoid cross-contamination. These procedures helped ensure that monitoring data could be
used to accurately evaluate environmental impacts from Hanford operations.

SAMPLE COLLECTION QUALITY National Bureau of Standards were used for radio-
ASSURANCE chemical calibrations when available. Both laborato-

ries continued to participate in the DOE Quality
Surface- and ground-water samples were collected ~ Assessment Program, and UST participated in
by trained Radiation Protection Technologists using ~ EPA’s Laboratory Intercomparison Studies Pro-
documented procedures. The continuity of sampling ~ 9ram. These programs provided standard samples
locations was maintained through documentationin ~ ©f various environmental media (water, milk, air
an environmental sampling locations log book. filters, soil, foodstuffs, and tissue ash) containing
Sample collection for chemical monitoring was per-  ©ne or more radionuclides in known amounts. After
formed according to specially developed written  the samples were analyzed, the results were for-
procedures. The samples were sealedwithevidence ~ Warded to DOE and EPA for comparison with known
tape to prevent tampering and were transported to values and results fromotherlaboratories. Both EPA
the laboratory in accordance with the chain-of-cus-  and DOE have established criteria for evaluating the
tody procedures required by EPA for RCRAmonitor- ~ accuracy of results (Jarvis and Siu 1981; Sanderson

ing programs. 1985). These programs provided a regular means for

accurate evaluation of results and for indications of
ANALYTICAL LABORATORY QUALITY where corrective actions were needed. Summaries
ASSURANCE of the 1987 UST results for both programs are

provided in Tables 5.1 and 5.2. About 90% of the
The routine radiochemical analyses for environ-  results during the year were within 3-sigma control
mental rnonitoring were performed by UST and PNL limits. This level of peﬁormance was determined to
laboratories (water samples only). United States be adequate to assess this concentration of radionu-
Testing Company maintained an internal quality  clides in the environment.
control program that involved routine calibration of
counting instruments, frequent source and back-  Surface Monitoring
ground counts, routine yield determinations of radio-
chemical procedures, replicate analyses to check  In addition to DOE and EPA interlaboratory quality
precision, and analyses of reagents to ensure purity ~ control and the laboratories’ internal programs, a
of chemicals. Calibration standards traceable to the ~ quality control program was maintained by PNL to
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TABLE 5.1.
in 1987

Sample Media Radionuclides

Air filters Be, %*Mn, ®Co, 89S, %S,
s7r, 106Ru’ 125Gh 137Cg,
4Ce, 24U, 238U, U(total),
ZSQPU, 241Am

Soil 49K, %Sr, 197Cs, 26Ra, 234,
2%8J, U(total), 2°Pu

Vegetation 40K, #Co, 28r, 137Cs, 2R3,
239PU, 241Am

Tissue 40K, 9Sr, 197Csg, 2R3, 234,
238U

Water 3H, %Mn, 5Co, ®Co, %Sr,

31Cs, 24U, 281, U(total),
29py, 21Am

(a) Control limits from Sanderson (1985).

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

Number

Samples Within Control
Analyzed Limits®®

25 21

12 1

10 10

10 8

18 17

evaluate precision and accuracy and to conduct
special intercomparisons as necessary. All data
were reviewed by a computerized, anomalous data
system that checked each entry against established
limits.

To check the precision of sampling and analysis,
replicate samples were routinely collected. The
replicate data provided an estimate of the variability
that can be expected fromthe sampling and analysis
process. The summary of the total precision for
surface samples above the minimum detectable
concentration, based on replicate sampling, is
shown in Table A.55, Appendix A, and Figure 5.1.
The estimated precision (or reproducibility) of results
interms of coefficient of variation, was generally less
than 20% for samples with activities greaterthan 2.5
times the minimum detectable amount (MDA).

Each month three pairs of dosimeters were exposed
to known levels of radiation and processed <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>