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PREFACE

Yarlous nuclesr and non-nuclear activities have been conducied at the Hanford
Shte since 1943, The most environmentally significant activities have been the
production of nuclear materials for national defense and the associated cheml-
cal processing and management of wasle. The U.S. Depariment of Energy
{DOE) conducis effluent monlioring and environmenta!l monltoring at the Han-
ford Shie through contraclor organizations. Resulls are reported o regulatory
agencles and the public to demonstrate compliance with applicable rules and
reguiations. An erwironmental monitoring program has been conducied at the
Hanforg Site for the past 44 years. Bince 1965, the environmental monitoring
program has been conducted by Pacific Northwest Laboratory (PNL), which is
operated for DOE by Batielle Memorlal Institute. The operations and engineer-
ing contracior, Westinghouse Hanford Company, performs effiuent monitoring
for s facliities. Pacific Northwest Laboratory performs effiuent monitoring of

its research activities,

From 1948 o 1957, environmental moniioring
results were recorded in quarterly reports; and
since 1958, results have baen made publicly
available as annual reporis (ground-water
monitering reports began in 1956). Results in
recent years {(through 1584) have been pub-
lished as separaie reports under the following
tities:

«  Environmeanial Surveifiance at Hanford for
Calendar Year {monitoring resulis for the
offsite environs}

- Environmental Siatus of the Hanford Site
for Calendar Year {moniioring results for the
onsite environs; discontinued in 1884)

«  Ground-Water Monitoring at the Hanford
Site for Calendar Year (monitoring resulls for
the onsite subsurface environs; discontinued
in 1984).

Beginning in 1985, these three reports were
combined into one document that summarized
all the data coliected each calendar yaar.
Changes in the title and format of the 1588
report reflect new guidance contained in DOE
Crder 5400.1. The 1988 report contains infor-
mation on additional environmental programs
including wildiife resources, metecrology and
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climatoiogy, cultural resources, and the
Harford Envirorimental Dose Reconstruction
Project. This year's report also contains
additional information on the environmental
status of the Hanford Site {2.g., the stalus of
compliance with snvironmental permils and
regulations).

This report represents a single, comprehen-
sive source of offsite and onsite environmental
data collected during 1988. I contains data
on Hanford effluents, the surface environment,
and ground water, Also includedis an
asssssment of the 1988 radiological dosas fo
the hypothetlical maximally exposed individual
and the local population. Appendix C contains
data with siatistical estimates of variation.
Information in Appendix © is intended for
readers with a scientific interest or for those
who wish {o evaluate the results in more
detail. Those inlerested in reviewing the raw
data can do so at the Department of Energy-
Richiand Cperations’ Public Reading Room at
the Federal Buillding, Richiand, Washington.

Radionuclide data are expressed as curies,
microcuries, picocuries, or atiocuries. The
curie {Ci} is the fundamental unit used {o
express radioactivity and defines the amount
of a substance present based on its rate of



radioactive disintegration. [A curie is 37 billion
nuclear transformations per second. A micro-
curig (uCi} is one millionth (10%) of a curie. A
picocurie {pCi) is one millionth-millionth {109
of a curie. An atiocurie (aCi) is one millionth-
millionth-millionth {10'®) of a curis.] Envi-
ronmental monitoring results often involve
extremely small numbers that are best
expressed as picocuries or attocuries.

Metric units are primarily used in the report,
As an additional aid in expressing small num-
bers and variable environmentai results, data
are graphed using either linear or logarithmic
ed) scales. The radicnuclides and

correspsmﬁing symbols commonly used in this
report are listed in Table P.1. A more com-
plete account of radionuclides addressed by

TABLE P.1. Radionuclide Nomenclaturs
Radionuclide Symbol

Antimony-125 1258h
Carbon-14 14C
Cesium-137 137Cs
Cobait-60 85Co
Europium-154 184Ey
lodine-129 128}
iodine-131 131
Krypton-85 85Ky
Nickel-63 83N
Plutonium-238 238Dy
Plutonium-239,240 238,240py
Ruthenium-106 168y
Strontium-90 908y
Technetium-88 9Te
Tritium H
Uranium (total) U or uranium
Uranium-234 2341}
Uranium-235 2354}
Uranium-238 23843

environmental monitoring can be found in
Appendix G, Tables G.1, G.3, and G.5. Gross
aipha and gross beta resuits ars from screen-
ing analyses that measure all alpha- or beta-
emitling radionuclides in the sample, without
specifying the radionuclide pressnt.

Chemicals and the corresponding symbols
used in this report are listed in Table P.2.
Because chermical concenirations are often
very low, they are expressed as micrograms
per liter {ug/L} o1, occasionally, milligrams per
liter (mg/L).

A glossary and list of acronyms and abbrevia-
fions are presented in Appendix A. Acronyms
are spelled out the first time they are used in
each chapter, except commonly used acro-
nyms, such as DOE and EPA. Applicable
standards and environmentai permits are
described in Appendix B. Environmental
monitoring data for 1988 are listed in Appen-
dix C. Sampile analysis procedures are
deseribed in Appendix D. Methods used for
data analysis are summarized in Appendix E.
Methods used for dose calculation in 1988 are
discussed in Appendix F. Appendix G con-
tains the 1888 Hanford effluent data.




TABLE B.2. Elemental and Chemical Constituent Nomenclature

Constituent Symbot
Aluminum Al
Armmonium NH,*
Antimony Sk
Arsenic As
Barium Ba
Berylium Be
Bicarbonats HOG,
Boron 8
Cadmium Cd
Calcium Ca
Carbonate oo
Chloride Gt
Chromium (speciss} O
Chromium (tolal} &r
Copper Cu
Fluoride F
fron Fe
Lead Pb
Magnesium Mg
Manganess Mn
Mercury Hg
Nickel Mi
Nitrate NO,
Phosphate LR,
Polassium 4
Selenium Se
Sliver Ag
Sodium Na
Strontium Sr
Sulfate 80>
Yanadium v
Zinc Zn







SUMMARY

Environmental activities at Hanford in 1988
included monitoring and compliance pro-
grams, and related programs such as cultural
resources, wildlife, and meteorology. Monitor-
ing activities conducted at Hanford during
1088 indicated radionuclide concentrations
well below applicable DOE and EPA stan-
dards. Radioactive materials released from
Hanford operations were generally indistin-
guishable from background concentrations in
the offsite environment. Chemical concen-
trations 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 attrib-
uted to both Hanford operations and natural
background levels. Several chemicals regu-
lated by the EPA and the State of Washington
exceeded EPA drinking water standards
(DWS). The major sections of this report are
summarized in the following paragraphs.

COMPLIANCE STATUS

Several federal, state, and local agencies are
responsible for enforcing environmental regu-
lations at the Hanford Site. Principal among
these agencies are the EPA, the State of
Washington Department of Ecology (WDOE),
and the Benton, Franklin, and Walla Walla
Counties Air Pollution Control Authority.

A number of compliance activities during 1988
were related to the Resource Conservation
and Recovery Act (RCRA) and Comprehen-
sive Environmental Response, Compensation,
and Liability Act (CERCLA). Part A permit
applications were submitted to WDOE for all
facilities that treated, stored for more than

90 days, or disposed of hazardous or radio-
active mixed waste. A Tri-Party Agreement,
initiated among DOE, EPA, and WDOE, will
govern the conduct of the permitting and
cleanup activities at Hanford.

Other compliance activities involved moni-
toring and managing waste to meet
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requirements of applicable environmental laws
including the Clean Air Act, Clean Water Act,
Safe Drinking Water Act, and Toxic Sub-
stances Control Act (see “Compliance Sum-
mary,” Section 2.0).

OPERATIONAL AND ENVIRONMENTAL
HIGHLIGHTS

The Plutonium Uranium Extraction Plant
(PUREX) continued operations in 1988 and
processed 590 tons of irradiated reactor fuel.
The Fast Flux Test Facility (FFTF) achieved a
98.9% efficiency factor while operating most
of the year. The N Reactor did not operate in
1988.

Environmental highlights included nomination
of the Hanford Site for placement on the
National Priorities List (NPL) of CERCLA
sites. In 1988, Congress enacted Public Law
100-605 authorizing a study of the Hanford
Reach of the Columbia River. The law
includes a provision to consider the potential
addition of all or part of the study area to the
National Wild and Scenic Rivers System (see
“Operational Highlights at Hanford in 1988,"
Section 2.2).

ENVIRONMENTAL OCCURRENCES

Onsite and offsite environmental occurrences
(spills, leaks, etc.) of radioactive and non-
radioactive chemical wastes were reported to
DOE by the onsite contractors and to other
federal and state agencies as required by law.
Fourteen occurrences with the greatest poten-
tial for impacting the environment are sum-
marized in this report (see “1988 Environ-
mental Occurrences,” Section 2.3).

ENVIRONMENTAL PROGRAMS
Environmental monitoring of the Hanford Site

and annual reporting of results are conducted
in accordance with guidance from DOE



orders. There were no draft or final environ-
mental impact statements issued in 1988
{see "Environmental Program Information,”
Section 3.0).

ENVIRONMENTAL MONITORING RESULTS

Alr-in 1988, the average Hanford Site peri-
meter concenirations of *H, ®8r, *7Cs, and
uranium were numerically greater than levels
measured at distant monitoring stations.
These differences were not significantly dif-
ferent siatistically {at the 5% significance
level). Krypton-85 and 2% concentrations
werg numerically greater at the perimeter
stations than at the distant stations, and the
differences were statistically significant. How-
sver, even ihe maximum single perimeter
sampie for any radionuclide was only 0.3% of
the applicable DOE Derived Concentration
Guide (DCG){Appendix B, Table B.8). The
total dose from air emissions is compared to
Clean Air Act and DOE dose standards in
“Potential Radiation Doses from 1888 Hanford
Operations,” Section 4.8. Annual average
NO, concenirations at all sampling locations
remained well below federal and Washington
State ambient air standards (see "Air Mon-
itoring,” Section 4.1).

Surface Water-During 1988, iow levels of
some radionuclides continued to be detected
in samples of Columbia River water collectsd
at Priest Rapids Dam, the 300 Area, and the
Richland Pumphouse. As in past years, radio-
nuclides consistently cbserved in measurable
quantities in the river water were H, 29Sr, 129,
234, 298, 2384}, and #*2.24Py, Concentrations
of 234, 235, 238, and 2%8.29°Py were similar in
water collected from both locations. Tritium,
%Sr, and 2% concentrations were statistically
higher in water collected at the Richland
Pumphouse than in water from Priest Rapids
Dam. All radionuclides observed in Columbia
River water during 1988 exist in worldwide
fallout, as well as in effluents from Hanford
facilities. Tritium and uranium also occur
naturally in the environment. Concentrations
of radionuclides identified in the river water
during 1988 were below limits established for
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drinking water by the EPA and Washington
State.

Nornradiological water guality parameters
measured during 1988 were similar o those
reported during previous years and generally
within Washington State Water Quality
Standards.

Three onsite ponds were routinely sampled for
radiological constituents during 1988. Con-
centrations of radionuclides in water coliected
from these ponds were similar o those
observed during past years. Waler samples
were coliected from five wells located across
the Columbia River from the Hanford Site that
are used for drinking and irrigation. The
annual average concentration in the wells
were within appilicable standards (see “Sur-
face-Water Monitoring,” Section 4.2).

Food and Farm Producis-Low levels of
radionuclides attributable to woridwide fallout
were found in several foodstuff and farm
product samples during 1988. Concentrations
in samples collected near the Hanford Site
were similar to those measured in sampies
collected away from the Site. Foodstufis
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. Special
samples of seiecied fruits and vegetables
were collected in 1588 and analyzed for '29].
The concentrations were ail below the detect-
able tevel of the analytical method (see “Food
and Farm Product Monitoring,” Section 4.3).

Wiidilfe-Samples of deer, fish, gamebirds,
waterfowl, and rabbits were collected from
areas where potential radionuclide uptake was
considered most likely, or at nearby locations
where wildlife samples were available. Ana-
lytical results of terrestrial wildlife samples
collected during 1988 were similar to radio-
nuclide levels seen in upstream samples. The
dose that a person who consumed any of the
wildlife sampled could have received, even at
the maximum radionuclide concentrations



measured in 1988, was below app
DOE standards {see “Wildiife Monitoring,”
Section 4.4).

Soll and Yegetatlon-During 1588, meas-
urable concentrations of radichuciides were
detected in onsite and offsite samples of
surface soils and rangeland vegetation. How-
gver, svaluations of the samples provided no
indication of significant increases in radio-
nuchide concentrations in offsite samples that
couid be atiributed o Hanlford operations (see
“Soll and Vegetation Monitoring,” Section 4.5).

Penetrating Radiation--Dose rates from
external penelrating radiation measured In
local residential areas were similar to those
ocbserved in previous yoars, and no coniribu-
tion from Hanford activities could be identified.
Measuremenis made near publicly accessible
onsite operation areas and along the Handord
Reach of the Columbia River continued to
show several iocations where dose rates wers
higher than those attributeble to background
sources but were still well below applicable
DOE radiation protection standards. During
the year, a spacial study was conducted io
compare the resuils obiained from PNL envi-
ronmental dosimeters with other organiza-
tions. The Washington Public Power Supply
System, the Oregon State Health Department,
and the Washington Siate Depariment of
Social and Health Services all participated
with PNL in the study. The results showed
some differonces, but overall there was a
general agreement among the four organiza-
tions {sec “Penstrating-Radiation Monitoring,”
Section 4.8).

Effluent Monltoring—The amounts of radio-
active and non-radioactive liquids, gases, and
solids released or disposed {o the environ-
ment from Hanford operations are measured
and documented. The levels are assessed for
compliance with applicable federal, state, and
local regulations and permils {see "Effluent
Monitoring,” Section 4.7). A list of the quan-
tities of radioactive and nonradioactive

effiuents released to the environmant from
Hantord operations in 1988 is provided in
Appendix G.

Potential Rediation Doses from 1988
Hanford Operations-Measured sxternal
radiation exposure and calculated radiation
doses io the pubilic from 1988 Hanford opera-
tions were well bolow applicable regulatory
limits. The effeciive dose sqguivalent fo the
hypothetical maximaily exposed individusl
from 1988 operations was calculated 1o be
0.08 mrem, compared to 0.05 mrem reported
in 1587. The gmgsu%a%sm sftective dose equiv-
alent from 1988 operations was calculated o
be 5 person-rem compared to 4 person-rem
reporied for 1987, These doses are much
lower than doses raceived from common
sources of radiation, such as natural back-
ground radiation. They are also much lower
than the DOE radiation protection standards
for protection of the public, which are an
average of 100 mrem/yr for prolonged expo-
aure and 500 mremfyr for occasional annual
exposure to the maximally exposed individual
{see "Poiential Radiclogical Doses from 1988
Hanford Operations,” Section 4.8).

CGROUND WATER

Radiclogical and chemical constituents in
ground water werg monitored during 1988
throughout the Hanlord Site. Monitoring
activities were conducted to 1) determine the
distribution of mobile radionuclides and
nilrates, 2) relate the disiribution of thess
constituents to Site operations, and 3) identify
chemicals present in ground wailer as a result
of Sits operations. To comply with RCRA,
additional monitoring was conducted to
assess the impact that specific facilities have
had on ground-waler quality.

Analytical rssulls for samples were compared
to EPA Drinking Water Standards (DWS) and
DOE'’s Derived Concentration Guides (DCG).
Ground water beneath the Hanford Site is
used for drinking at four locations. In addition,



water supply wells for the city of Richiand are
iocated adjacent o the southern boundary of
the Hanford Site.

Radiological monitoring results indicate that
gross alpha, gross beta, 3H, °Co, %S, **7¢,
1088y, 28, and '37Cs concentrations near
operating areas were at ievels above DWS.
Concentrations of 24U and **8U in the 200-
West Area were above the DCG. Concen-
trations of °H in the 200 Areas and %Srin the
100-N and 200-East Areas were also above
the DCG. Tritium continued 1o move slowly
with the general ground-water flow and dis-
charge o the Columbia River.

Certain chemicals regulated by the EPA and
the State of Washingion were also pressnt in
Hanford ground water near operating areas.
Sampling of new and existing monitoring wells
near Richiand water supply wells showed that
concentrations of reguiated ground-water
constituents in this area are bolow DWS, and

in general below detection lavels (see
“Ground-Water Protection and Monitoring
Program,” Section 5.0}.

QUALITY ASSURANCE

Comprehensive quality assurance (QA) pro-
grams were mainiained fo ensure that the
data collected were accurate and representa-
tive of actual concentrations in the environ-
ment. Standard guality assurance/quality
control {QA/QC) techniques were used during
the sample collection, laboratory analysis,
data management, and dose calculation
activities. The guality of the data was verified
by & continuing program of analytical iabora-
tory quality control (QC), interlaboratory cross-
checks, replicate sampling and analysis, and
sampie splitting with other laborateries. The
QA/QC evaluations documented that the
maonitoring data were valid (see “Quality
Assurance,” Section 8.0).
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INTRODUCTION

K. R. Price, R. W. Bryce, and B. N. Bjornstad

The U.S. Department of Energy’s Hanford Site Is located In a rural reglon of
southeastern Washington and occupies an area of about 1450 km?2. The Slte
(Figure 1.1) lies about 320 km northeast of Portland, Oregon, 270 km southeast
of Seattle, Washington, and 200 km southwest of Spokane, Washington. The
Columbla River flows through the northern edge of the Site and forms part of
the eastern boundary. The southern boundary of the Slte Includes the Rattle-
snake Hills, which exceed 1000 m In elevation. Both conflned and unconfined
aqulfers are present beneath the Slte. The maln geologic units are the Colum-
bla River Basalt Group, the Ringold Formation, and a serles of glaclofluvlal
sediments. The Hanford Project was established In 1943 and was originally
designed, bullt, and operated to produce plutonlum 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 distributed type of vegetation on
the Site is the sagebrush/cheatgrass/blue-
grass community. Most abundant of the
mammals is the Great Basin pocket mouse.
Of the big-game animals, the mule deer is
most widely found, while the cottontail rabbit is
the most abundant small-game animal. Coyo-
tes are also plentiful. The bald eagle is a
regular winter visitor to the islands and com-
munities along the Columbia River.

The Columbia River, which originates in the
mountains 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?2 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 is the nearest dam
upstream of the Site, and McNary is the near-
est dam downstream. (The Hanford Reach of
the Columbia River extends from Priest
Rapids Dam to the head of Lake Wallula near
Richland, which is created by McNary Dam,
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and is the last stretch of the Columbia River
above Bonneville Dam that remains unim-
pounded by a dam.) The width of the river
varies from approximately 300 m to 1000 m.

Flows in the Hanford Reach fluctuate signifi-
cantly because of the relatively small storage
capacity and the operational practices of
upstream dams. Flow rate of the Columbia
River through the Site is regulated primarily by
Priest Rapids Dam, minimum regulated flow
rate of 1000 cubic meters per second (m?¥/s).
Typical daily flows range from 1000 m?/s to
7000 m?/s, with peak spring runoff flows of up
to 12,600 m¥/s. Typical annual average flows
at Priest Rapids Dam are 2800 m?/s to

3400 m3/s. Monthly mean flows typically peak
from April through June and are lowest from
September through October.

The temperature of the Columbia River varies
seasonally. Minimum temperatures are
observed during January and February, and
maximum temperatures typically occur during
August and September. Mean monthly tem-
peratures for the river range from approxi-
mately 3°C to about 20°C over a year. Solar
radiation, water storage management prac-
tices at upstream dams, and water flow rate
dictate, to a large extent, the thermal charac-
teristics of the Columbia River along the
Hanford Reach.
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The Columbia River sysiem has been devel-
oped extensively for hydroelectrc power, flood
control, navigation, irrigation, and municipal
and industrial water supplies. In addition, the
Hanford Reach is used for a variely of recrea-
tional activities including fishing, hunting, boat-
ing, water skiing, wind surfing, and swimming.
The State of Washingion has classified the
stretch of the Columbia River from the
Washington-Oregon border to Grand Couleg
Dam {which includes the Hanford Reach) as
Class A and sstablished water quality criteria
and water use guidelines for this class desig-
nation. Other surface water on the Siis con-
sists of West Lake (a2 small, natural pond),
Rattlasnake Springs, Dry Creek, and a num-
ber of ditches and artificial ponds created for
routing disposal of wasts water.

Hanford's climale is dry and mild; the area
receives approximately 1€ om of precipitation
annually {(see Section 3.4). About 40% of the
total precipitation acﬁurs during Novembay,
July, August, and September. A@pmxsmaieiy
45% of alt precipitation from December
through February is snow. The average mini-
mum and maximum temperatures in July are

16°C and 32°C. For January, the average
minimum and mammum temperatures are 8°C
and 3°C.

Monthly average wind speeds range from
about 15 kmv/h In summer fo 10 kev/h in winder
{see Section 3.4). The prevailing regional
winds are from the northwest, with occasional
cold-air drainags into valleys and sirong
crosswinds. The region is a typical desert
basin where frequent strong tempserature
inversions occur at night and break during the
day, resulting in unsiable and turbulent wind
conditions.

Land surrounding the Hanford Sile is prmarily
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, vine-
yards, and fields of alfalfa, wheat, and
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vegetables. The Hanford Site north of the
Columnbia River contains both & siate wildiife
management area and a federal wildlife
refugs. The northeast slope of the Rattle-
snzke Hills along the southwestern boundary
of the Site is designated as the Arid Lands
Ecology (ALE) Reserve and is used for eco-
togical research by DOE. The area is also
designated a Nationat Environmental
Research Park (NERF).

The major population center nearest to the
Hanford Site is the Tri-Cities {Richiand,
Pasco, and Kennswick), which is sliuated on
the Columbia River d&wnstmam from the Site
and has 8 population of approximately 90,000,
Approximately 340,000 geay g jive within an
80-km racius of the Hanford Site. This num-
ber Includes people fiving in the Tri-Cities, the
Yakima area, several small communities, and
the surrounding agricultural areas. More
detail on Site characieristics and activities is
available in the Haniord defense waste envi-
ronmental knpact sisternent (DOE 1887a).

SUBSURFACE CHABACTERISTICS OF
THE SITE

The DOE operations on the Site have resulied
in the production of large volumes of waste
waler that historically have been discharged to
the ground through cribs, dilches, and ponds.
These discharges have greally influenced
ground-water flow and contaminant movemant
in the unconfined aquifer bensath the Site.
Approximately 2.42 billion L of liquid effluent in
the 200 Areas were disposed to the ground
during 1988, including procass cogling waler
and water containing low-leved radicactive and
hazardous wastes. Approximately 0.8 biflion L
of liquid effluent in the 100-N Area were dis-
posed to liguid-waste dispossal faciliiss and
the sanitary sewer. Discharge of waste water
{o the ground at Hanford began in the mid-
1840s and reached a peak in 1955. After
1955, discharge to cribs declined because of
improved ireatment of waste streams and
deactivation of various facilities (Graham st al.
1881}, Since restart of the Plutonium Uranium



Extraction {(PUREX) Plant and related facilities
in late 1983, discharge of PUREX-related
effluents has resumed.

Subsurface structures, such as cribs, were
primarily used for the disposal of water con-
{aining radicactive wastes; surface ponds and
ditches were primarily used for disposal of un-
contaminated cooling water {Graham et al.
1881). A ¢rib is an underground structurs

" designed to receive liquid waste and gliow it to

percolate into the ground dirsctly or through a
connected tile field. Sanitary wastes were dis-
charged to the ground via tile fields. Most
liquid disposal occurred in the Separations
Areas, which include the 200-East and 200C-
West Areas (Figurs 1.1). Smaller amounts of
waste water werg disposed in the 100 and
300 Areas. Discharges of wasts walsr to the
ground in the 400 Area were minimal.

Geologic and hydrologic properties of the sub-
surface, including the siratigraphy and physi-
cal and chemical properties of the host rock,
influence the movement of liquid effiuents.
The geology and hydrology beneath the Site
and the physical nature of liquid efflugnt
movement are described in more detail in the
following sections.

Geology

The Hanford Site lies within the Pasco Basin,
one of many topographic and structural basins
within the Columbia Plateau. Principal geo-
logic units beneath the Hanford Site include,
in ascending order, the Columbia River Basalt
Group, the Ringold Formation, and a serigs of
deposits informally referred to as the Hanford
formation. These units are covered locally by
a few meters or less of recent alluvial or wind-
blown deposits. Clder geologic units have
been deformed into a series of roughly east-
west trending foids. The stratigraphic and
structural relationships between these units
are displayed in Figure 1.2.

Emplacement of Columbia River basalt flows,
which ended in the Pasco Basin approxi-
mately 8.5 million years ago, was followed by
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a period of river and lake sedimentation.
These deposits, which belong to the Ringold
Faormation, contain a wide range of sediment
types, with beds ranging from weakly
cemented coarse sandy gravel 1o compact siit
and clay. The Hanford formation was
deposited later as a result of giant floods
associated with the sudden draining of glacier-
dammed lakes, located northeast of the
Columbia Plateau. Cataclysmic floods
occurred several or more times over the last
millicn years. Within the Pasco Basin, the
Hanford formation consists of mostly coarse
gravel and sand, and overlies the sroded
surface of the Ringold Formation, but in
places the Hanford formation directly overlies
basait. In the vicinity of the 200-West Ares,
the Ringold and Hanford formations are sepa-
rated by a well-developed buried soit (Plio-
Pleistocene unit) and fing-grained wind
deposits {early “Palouse” soil).

Mydrology

Both confined and unconfined aquifers are
prasent beneath the Site. The confined aqui-
fers, where ground water is under pressure
greater than that of the atmosphere, are found
primarily within the Columbia River basalts. In
general, the unconfined or water-table aguifer
is located in the Ringold formation and glacio-
fluvial sediments, as well as some more
recent alluvial sediments in areas adjacent to
the Columbia River (Gephart et al. 1979).
This relatively shallow aquifer has been
affected by waste-water disposal at Hanford
more than the confined aquifers (Graham

et al. 1981). Therefore, the unconfined aqui-
fer is the most thoroughly monitored aquifer
beneath the Site.

The unconfined aquifer is bounded below by
sither the basalt surface or, in places, the rela-
tively impervious clays and silts of the lower
unit of the Ringold Formation. Laterally, the
unconfined aquifer is bounded by the basalt
ridges that surround the basin and by the
Yakima and Columbia rivers. The basalt
ridges have a low permeability and actas a
barrier to lateral flow of ground water (Gephart
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gt al. 1879) whore they rise above the water
table. The saturated thickness of the uncon-
fined aquifer is greater than 61 m in some
areas of the Hanford Site and pinches out
along the flanks of the basalt ridges. Depth
from the ground surface to the water iable
ranges from less than 0.3 m near the Colum-
bia River to over 106 m in the center of the
Site. Elevation of the waler table above mean
sea level for June 1988 is shown in

Figure 1.3.

Recharge 1o the unconfined aquifer originates
from several sources {Graham et al. 1881},
Natural recharge occurs from precipitation at
higher elevations and runoff from intermittent
streams, such as Coid Creek and Dry Creek
to the west. The Yakima River recharges the
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unconfined agulifer as i flows along the south-
west boundary of the Hanford Site. The
Coluinbila River recharges the unconfined
aquifer during high stages when river water is
transfarred fo the aquifer along the river bank.
The unconfined aquifer receives little, if any,
recharge from precipitation directly on vege-
tated areas of the Hanford Site because of a
high rate of evapotranspiration from native soil
and vegetation. However, studies daescribed
by Gee (1887) suggest that precipitation may
contribute recharge to the ground water in
argas where soils are coarse exiured and
bare of vegsiation.

Large-scale artificial recharge ocours from off-
site agriculiural irrigation and liquid-waste dis-
posal in the operating areas. Recharge from



June 1988 g @s”e&@
Water Table Flevations iy

Comtours are in Feet
Above Mean Sea Level
Contour interval = 10 ft (3.1m;}

» Monitoring Wells for

Water Level Measuremeanis
¥/ Generalized Basalt Above
0 12 3 Kilometers

the Water Table

L Hanford
Site
Boundary

i
s
5
L

FIGURE 1.3. Water Table Elevaticns for June 1988 {Evans, Bryce, and Sherwood 1989)

irrigation in the Cold Creek Valley enters the
Hanford Site as ground-water flow across the
western boundary. Artificial recharge from
waste-water disposal occurs principally in the
200 Areas. Recharge to the ground water
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from facilities in the 200 Areas {(including

B Pond and the various cribs and trenches in
the 200 Areas) is estimated to add ten times
as great an annual volume of water to the
unconfined aquifer as is contributed by natural




inflow to the area from precipitation and irri-
gation waters 1o the west {Graham et al.
1981}

The operational discharge of water has crea-
tad ground-water mounds near gach of the
major waste-water disposal facilities in the
200 Areas. These mounds have altered the
local fiow pattern in the aguifer, which is gen-
erally from the recharge areas in the wasl ©
the discharge areas {primarily the Columbia
River) in the east. Waler lovels in the uncon-
fined aguifer have changsd continucusly dur-
ing Site operations because of variations in
the volume of wasts waler discharged. Con-
sequently, the movement of ground water and
iie associated constituents hag alss changsed
with time,

in addition to the 200 Areas, ground-waler
mounding also ocours in the 100 and 300
Areas. Ground-water mounding in these
areas is not as significant as in the 200 Arsas
because of differences in discharge volumes
and subsurface geclogy. inthe 100 and 300
Areas, watsr levels are aiso greatly influsnced
by river stage.

Liquid Effluent Movement

As significant guantities of liguid efflusnis are
discharged to the ground at Hanford facilities,
these effluenis percolate downward through
the unsaturated zone to the water table. As
effiuents move through the unsaturaled zons,
adsorption onio soll particies, chemical precip-
itation, and ion exchange alisnuate or delay
the movement of some radionuclides, such a8
$98r, WCs, and #290Py. Other lons, such as
nitrate (NG}, and radionuclides, such as °H,
88T¢, and %94, are not as readily retained by
the s0il. These constituenis move through the
soil column al varying rates and eveniually
enter the ground walter. Subssguently, the
more soluble consiituents move downgradient
in the same direciion as and at a rats nearly
equal to the flow of ground water. When the
liquid effluents reach the ground water, their
concentrations are reduced by dilution. As
these constituents move with the ground
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water, radionuciide and hazardous chemicai
concentrations are further reduced by spread-
ing {dispersion} and radioactive decay.

MAJOR ACTIVITIES

Four major DOE operating areas sxist at the
Hanford Site fl.e., 100, 200, 300, and 400
Areas (Figure 1,131 The 100 Areas include
facilites for the N Reacior and the eight deac-
tivated production reactors along the Colum-
bia River. The reactor fusl reprocessing plant
(PUREX), Plutoniurm Finishing Plant (Z Planty,
and waste-management facilities are on a pla-
teau about 11.3 km from the river, in the 200
Areas. The 300 Area, just north of the city of
Hichland, contzing the reactyy fusl iabrication
faciities and research and deveiopment labo-
ratories. The Fast Flux Test Facility (FFTF) is
iocated in the 400 Ares, approximately 8.8 kn
northwest of the 300 Aregl®

Privataly owned facilities located within the
Hanford Site boundaries include the Washing-
ton Public Power Supply System (Supply Sys-
tom} Hanford Gensrading Project, adiacent to
X Feackor, the Supply System power reactor
{WPPES-2) and office bulldings, and & low-
level radicactive-wasie burial sile operated by
U.8. Ecclogy on the 200 Arez Plateau. The
Advanced Nuclear Fue! Cormp. fue! fabrication
facility is immedialely adiacent {0 the southem
boundary of the Hanford Site.

Principat DOE contraciors at Hanford in 1988
wWere:

Wastinghouse Hanford Company — respon-
gible for operating the Hanford Enginsering
Deveiopment Laboratory, including the FFTF
test reactor; fabricaling N Reactor fusl and
operating N Reactor; reprocessing fus! and
managing waste; conducting effluent moni-
toring; decommissioning old facilities; and
providing Site support services, such as

{a} Boih N Reaclor and fuel fabrication
facilities in 300 Area werg inactive in 1988.



securily, fire protection, central stores, and
electrical power distribution.

Battelle Memorial Institule (BMI) — respon-
sible for cperating PNL for DOE, including
research and deveicpment in the physical,
chemical, life, and snvironmental sclences;
producing advanced methods of nuclear
waste management; and conducting environ-
mental monitoring at the Site.

Kaiser Engineers Hanlord Gompany {(KEH) —
responsible for providing architectural, con-
struction, and enginsering services.

oo
*

Hanford Environmental Health Foundation
{HEHF)} — responsible {or providing cccupa-
tional madicine and envircnmental health
support services.

Boeing Computer Services Richland (BCSR)
- rgsponsible for providing computer opera-
tions and support services.




2.0 COMPLIANCE SUMMARY

2.1 COMPLIANC