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environmental management activities and environmental compliance issues.
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development contractor; Fluor Hanford, Inc., the prime contractor for the nuclear legacy cleanup;
Bechtel Hanford, Inc., the environmental restoration contractor; CH2ZM HILL Hanford Group,
Inc., the contractor responsible for nuclear and chemical waste stored in Hanford’s 177
underground storage tanks; MACTEC-ERS, a prime contractor to DOE’s office in

Grand Junction, Colorado, which is performing vadose zone work at Hanford; and numerous
subcontractors and affiliate companies at the Hanford Site.

If you have any questions or comments about this report, you may contact us, or Dana Ward,

DOE Richland Operations Office, Office of Site Services, on (509) 372-1261 or by e-mail at
Dana_C_Ward@rl.gov.

Keith A. Klein, Manager Harry L. Boston, Manager
Richland Operations Ofﬁce Office of River Protection
Attachment:

Hanford Site Environmental Report



PNNL-13487

Hanford Site Environmental Report
for Calendar Year 2000

(Including some historical and early 2001 information)

Editors

T. M. Poston
R. W. Hanf
R. L. Dirkes
L. F. Morasch

September 2001

Prepared for the U.S. Department of Energy by
Pacific Northwest National Laboratory

under contract DE-AC06-76RL01830, with
contributions from CH2M HILL Hanford

Group, Inc.; MACTEC-ERS; Fluor Hanford, Inc.
and its affiliate companies; and Bechtel Hanford, Inc.
and its subcontractors

Pacific Northwest National Laboratory
Richland, Washington 99352



Preface

U.S. Department of Energy (DOE) Order 5400.1,
“General Environmental Protection Program,”
establishes the requirement for environmental pro-
tection programs at DOE sites and facilities. These
programs ensure that DOE operations comply with
applicable federal, state, and local environmental
laws and regulations, executive orders, and depart-

ment policies.

This Hanford Site environmental report is
prepared annually pursuant to DOE Orders 5400.1
and 231.1, “Environment, Safety, and Health
Reporting,” and DOE M 231.1-1, Environment,
Safety and Health Reporting Manual, to summarize
environmental data that characterize Hanford Site
environmental management performance and
demonstrate compliance status. The report also
highlights significant environmental programs
and efforts. More detailed environmental compli-
ance, monitoring, surveillance, and study reports
may be of value; therefore, to the extent practical,
these additional reports have been referenced in
the text.

Although this report was written to meet DOE
reporting requirements and guidelines, its primary
intent is to provide useful summary information to
members of the public, public officials, regulators,
Hanford Site contractors, and elected representa-
tives. Appendix A lists acronyms, abbreviations,

conversion information, and nomenclature that

may be useful for understanding the report.

This report is produced for the DOE Richland
Operations Office, Office of Site Services, by the
Pacific Northwest National Laboratory’s Public
Safety and Resource Protection Program. Pacific
Northwest National Laboratory is operated by
Battelle for DOE. Battelle is a not-for-profit, inde-
pendent, contract research institute. Major portions
of the report were written by staff from the Pacific
Northwest National Laboratory and Fluor Hanford,
Inc. and its affiliate companies. Bechtel Hanford,
Inc.; CH2ZM HILL Hanford Group; and
MACTEC-ERS also prepared or provided input to
selected sections.

Copies of this report have been provided to
many libraries in communities around the Hanford
Site and to several university libraries in Wash-
ington and Oregon. Copies can also be found at
DOFE’s Hanford Reading Room located at the
Consolidated Information Center on the campus of
Washington State University at Tri-Cities. Copies
of the report can be obtained from Mr. R. W. (Bill)
Hanf, Pacific Northwest National Laboratory,
P.O. Box 999, Richland, Washington 99352
(bilLhanf@pnl.gov) while supplies last or can be
purchased from the National Technical Infor-
mation Center, Springfield, Virginia 22161.

This report is issued in two hard-copy formats and two electronic formats. The hard-copy documents include this
large technical report and a smaller, less detailed summary report consisting of approximately 40 pages. The electronic
versions of both hard-copy documents are available on the Internet at hitp://hanford-site.pnl.gov/envreport or
http://www.hanford.gov/docs/annualrp00/index.him. The large report is also available on computer CD. NOTE:
The Internet address published in previous reports in this series is no longer valid. For technical reasons, the file
server supporting the old Internet address was removed from service in 2000 and was not replaced. Past reports are

now available at the Infernet address provided above.

Inquiries regarding this report may be directed to Mr. D. C. (Dana) Ward, DOE Richland Operations

Office, Office of Site Services, P.O. Box 550, MS A2-15, Richland, Washington 99352
(Dana_C_Ward@apimcO1.rl.gov) or to Mr. R. L. (Roger) Dirkes, Pacific
Northwest National Laboratory, P.O. Box 999, MS Ké6-75, Richland,

Washington 99352 (rl.dirkes@pnl.gov).
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Summary

L. F. Morasch

Each year, the U.S. Department of Energy
(DOE) publishes this integrated environmental
report on the Hanford Site to summarize environ-
mental data and information, describe environ-
mental management performance, demonstrate
the status of compliance with environmental reg-
ulations, and highlight major environmental pro-
grams and efforts. Individual sections of the

report are designed to
e describe the Hanford Site and its mission

e summarize the status of compliance with envi-

ronmental regulations

e describe the environmental programs at the
Hanford Site

e discuss the estimated radiation exposure to the
public from 2000 Hanford Site activities

e present effluent monitoring, environmental
surveillance, and groundwater protection and

monitoring information

e discuss activities to ensure quality.

DOE’s current mission at the Hanford Site is
twofold: environmental management and science
and technology. It is the policy of DOE that all
activities be carried out to comply with applicable
federal, state, and local laws and regulations, DOE
Orders, Secretary of Energy Notices, and directives,
policies, and guidelines from DOE Headquarters
and site operations.

Compliance with Environmental Regulations in

2000

Activities at the Hanford Site in 2000 were
conducted in compliance with DOE directives,
federal environmental protection statutes, and
related state and local environmental protection
regulations. A key element in Hanford’s compliance
program is the Tri-Party Agreement. The Tri-Party
Agreement is an agreement among the Washington
State Department of Ecology, EPA, and DOE to
achieve compliance with the remedial action provi-
sions of the Comprehensive Environmental Response,
Compensation, and Liability Act (CERCLA) and
with treatment, storage, and disposal unit regulation
and corrective action provisions of the Resource
Conservation and Recovery Act (RCRA). In 2000,
45 of 48 specific Tri-Party Agreement cleanup
milestones were completed on or before their
required due dates. Two milestones were delayed
because of programmatic issues, and one remained

at issue at the time of this report.

Cleanup activities on the Hanford Site gen-
erate radioactive, hazardous, and mixed waste. This
waste is handled and prepared for safe storage on
the site or shipped to offsite facilities for treatment
and disposal. In 2000, cleanup activities generated
441,000 kilograms (973,000 pounds) of solid mixed
waste and 700,000 kilograms (1.5 million pounds)
of radioactive waste on the Hanford Site. There
were also 1,381 kilograms (3,045 pounds) of mixed
waste and 6.9 million kilograms (15.3 million
pounds) of radioactive waste received at Hanford
from offsite.

In addition to newly generated waste, signifi-
cant quantities of legacy waste remain from years
of nuclear material production and waste man-
agement activities. Most legacy waste from past
operations at the Hanford Site resides in RCRA-

compliant waste sites or is stored in several places
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awaiting cleanup and ultimate safe storage or dis-

posal.

waste stored in single- and double-shell tanks and
transuranic waste stored in vaults and on storage

pads (see Section 2.5 for details).

Examples include high-level radioactive

—

The site’s compliance with federal acts in 2000
is summarized in Table S.1. For a detailed discussion
of the site’s compliance with environmental regula-

tions during 2000, refer to Chapter 2 of this report.

Table S.1. Compliance with Federal Acts at the Hanford Site in 2000

Regulation

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

Emergency Planning and
Community Right-to-Know Act

Resource Conservation and
Recovery Act (RCRA)

Clean Air Act

Clean Water Act

2000 Annual Environmental Report

What it Covers

Sites already contaminated by
hazardous materials

The public’s right to information
about hazardous chemicals in
the community and establishes
emergency planning procedures

Hazardous waste being generated,
transported, stored, treated, or
disposed. The act primarily covers
ongoing waste management at
active facilities.

Air quality, including emissions
from facilities and diffuse and
unmonitored sources

Discharges to U.S. waters

vi

2000 Status

Work on these sites was in compli-
ance with CERCLA requirements and
met the schedules established by
the Tri-Party Agreement.

The Hanford Site was in compliance
with the reporting and notification
requirements contained in this act.

The Washington State Department of
Ecology identified several violations
during 2000. The violations identi-
fied RCRA-regulated waste that was
shipped offsite and violations of the
management agreement. Another
violation identified 26 drums of
dangerous and/or mixed waste
collected more than 20 years ago
that were improperly labeled, and a
drum of flocculent that was not
properly designated as required by
WAC 173-303. Other violations
included an inspection matter and
the application of regulations to
determine the integrity of the
double-shell tank system. All prob-
lems identified have been, or are
being, corrected.

According to the Washington State
Department of Health, air emissions
from Hanford Site facilities were well
below state and federal standards.
However, the calibration of some air
monitoring equipment needed to be
corrected, and in one instance,
proper permits were not obtained.

Copper, manganese, and zinc were
detected at levels higher than per-
mits allow at one discharge line
near the 300 Area shoreline. Also,
some 300 Area procedures had to
be corrected and equipment at the
100-N Sewage Lagoon had to be
repaired. In addition, the permit
limits for pH and total suspended
solids were exceeded af the 100-N
Sewage Lagoon, though the cause
was believed to be an algae bloom
caused by warm weather.



Regulation
Safe Drinking Water Act

Toxic Substances Control Act

Federal Insecticide, Fungicide,
and Rodenticide Act

Endangered Species Act

American Indian Religious
Freedom Act, Anfiquities Act,
Archaeological and Historic
Preservation Act, Archaeological
Resources Protection Act, Historic

Sites Buildings and Antiquities Act,

National Historic Preservation Act,
and Native American Graves
Protection and Repatriation Act

National Environmental Policy Act

Migratory Bird Treaty Act

What it Covers

Drinking water supplies operated
by DOE

Primarily chemicals called poly-
chlorinated biphenyls

Storage and use of pesticides

Rare species of plants and animals

Cultural resources

Environmental impact statements
for federal projects

Migratory birds or their feathers,
eggs, or nests

2000 Status

All Hanford drinking water systems
were in compliance with guidelines
according to the Washington State
Department of Health. There was
one exception on February 3, 2000,
when sampling results showed the
maximum contaminant level of
coliform bacteria was exceeded at
the 200-East Areq, but no E.coli
were found.

Hanford was in compliance with
the requirements of this act.

Hanford was in compliance with
the requirements of this act.

Hanford activities complied with the
requirements of this act. The
Hanford Site has eight plant
species, two fish species, and five
bird species on the federal or state
list of threatened or endangered
species.

Hanford was in compliance with
the requirements of these acts.

Hanford was in compliance with
the requirements of this act.

Hanford was in compliance with
the requirements of this act. There

are over 100 species of birds that
occur on the Hanford Site that are
protected by this act.

Environmental Monitoring

Environmental monitoring at the Hanford installations, waste storage and disposal units, and

Site includes effluent monitoring, near-facility remediation sites. Surface environmental surveil-

environmental monitoring, surface environmental lance consists of sampling and analyzing various
surveillance, groundwater monitoring, and vadose media on and around the site (including the
zone monitoring. Facility operators perform effluent Columbia River) to detect potential contaminants
monitoring by analyzing samples collected near and to assess their significance to environmental
points of release to the environment. Near-facility and human health. Groundwater sampling is con-
monitoring includes the analysis of environmental ducted on the site to determine the distribution of &

samples collected near major nuclear-related v

Vi Summary
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radiological and chemical constituents in ground- compliance with applicable federal, state, and
water. The strategy for managing and protecting local regulations; confirm adherence to DOE envi-
groundwater resources at the Hanford Site focuses ronmental protection policies; and support
on protection of the Columbia River, human environmental management decisions.

health, the environment, treatment of ground-

L o Environmental monitoring and surveillance
water contamination, and limitation of ground-

. . L L results for 2000 are summarized in Table S.2. For
water migration. Vadose monitoring activities were

conducted to better understand and alleviate the detailed discussions of results, refer to the appropri-

L ate sections of this report.
spread of subsurface contamination. P

The overall objectives of these monitoring

and surveillance programs are to demonstrate

Table S.2. Hanford Site Monitoring Results for 2000

What was Monitored? The Bottom Line
Air Air sampling equipment collected All measurements of radioactive and non-
particles and gases, which were radioactive materials in air were below
analyzed for radioactive and non- recommended guidelines.

radioactive materials. Air was

sampled at 110 locations on Hanford,
11 perimeter locations, 8 nearby com-
munities, and 2 distant communities.

Columbia River Water Columbia River water was collected As in past years, small amounts of radio-
from 15 locations throughout the year. active materials were detected downriver
Water samples were analyzed for from Hanford. However, the amounts were
radioactive and chemical materials. all far below federal and state limits. Dur-
Water in the Columbia River continues ing 2000, there was no indication of any
to be designated Class A (Excellent) by deterioration of Columbia River water
the state of Washington. This desig- quality resulting from site operations along
nation means that the water is usable the Hanford Reach.

for substantially all needs.

Columbia River Groundwater discharges to the Samples collected at the springs contained
Shoreline Springs Columbia River via surface and sub- contaminants at levels above drinking
surface locations. Discharges above water standards. However, concentrations

the water level of the river are identified in river water downstream of the shoreline
as riverbank springs. Samples of spring  springs remained far below federal and
water were collected at seven locations state limits.

along the Columbia River shoreline.

Groundwater Groundwater samples were collected Groundwater monitoring is focused on
from 694 wells to analyze water quality. preventing the spread of contamination.
Water levels were measured in several Samples show that groundwater contam-
hundred wells on the site to map inant plumes are moving slowly from
groundwater movement. beneath former waste sites toward the

Columbia River. Contaminant concentra-
tions are declining in the largest plumes
because of spreading and radioactive
decay.

2000 Annual Environmental Report vii



Vadose Zone

Drinking Water

Food and Farm Products

Fish and Wildlife

Effluent Monitoring

Hanford Wildfire,
June 2000

What was Monitored?

The vadose zone is the region between
the ground surface and the top of the
water table. Vadose zone characteri-
zation and monitoring are conducted
to better understand and alleviate the
spread of subsurface contamination.

The quality of the drinking water sup-
plied by 11 DOE-owned systems on the
Hanford Site was analyzed.

Samples of milk, leafy vegetables,
vegetables, fruit, and wine were
collected from 15 locations around
the Hanford Site.

Game animals on the site and along
the Hanford Reach and fish from the
Columbia River were monitored at
14 locations. Carcass, bone, and
muscle samples were analyzed to
evaluate radionuclide levels.

Liquid effluents and airborne emissions
that may contain radioactive or haz-
ardous constituents are continually
monitored on the Hanford Site.

Samples of air, soil, ash, farm products
and natural vegetation were collected
on or around the Hanford Site.

The Bottom Line

Vadose zone characterization was con-
ducted at four sites in the 200 Areas and at
one site in the 100-DR Area. Vadose zone
monitoring occurred at four sites in 2000.
Technical demonstrations are designed to
result in new, innovative methods for envi-
ronmental monitoring and cleanup on the
Hanford Site. A small-diameter, passive
neutron tool and a small diameter spectral
gamma logging tool were demonstrated

in 2000. Both tools could result in substan-
tial cost savings over conventional methods
of characterization and monitoring. In
addition, the first of four field tests to eval-
uate how contaminant plumes move in the
vadose zone were completed.

All DOE-owned drinking water systems on
the Hanford Site were in compliance with
Washington State and EPA regulations. The
concentrations of radiological contaminants
in all samples were below state and federal
standards.

Radionuclide levels in samples of apples,
beet tops, cabbages, tomatoes, potatoes,
hops, wines, and milk were at or near
normal environmental levels.

Samples of elk, pheasant, quail, deer, and
Columbia River fish were collected and
analyzed. Strontium-90 was the only
radionuclide, possibly of Hanford origin,
detected in 2000 and was found only in
bone samples. Radionuclide levels in
edible tissues were all below DOE detection
limits with the exception of potassium-40,
which is a naturally occurring radionuclide.

Some quantities of radionuclides were
released to the environment at state and
federally permitted release points. Tritium
above natural background levels is
released to the ground at the State-
Approved Land Disposal facility in the
200 Areas under a state-approved dis-
charge permit.

Although the fire may have resulted in the
spread of small amounts of Hanford con-

taminants, all samples collected were well
below regulatory limits.

Summary



Potential Radiological Doses from 2000 Hanford

Operations

During 2000, potential radiological doses to the
public and biota from Hanford operations were
evaluated to determine compliance with pertinent
regulations and limits. These doses were calculated
using reported effluent releases and environmental
surveillance data using version 1.485 GENII com-
puter code and Hanford-specific parameters. The

potential dose to the maximally exposed individual

in 2000 from site operations was 0.014 mrem
compared to 0.008 mrem in 1999. To put this
value into perspective, the national average dose
from background sources, according to the
National Council on Radiation Protection, is
~300 mrem/yr (3 mSv/yr), and the current DOE
radiological dose limit for a member of the public

is 100 mrem/yr (1 mSv/yr).

Radon, 200 mrem

Cosmic, 30 mrem

Terrestrial, 30 mrem

Internal, 40 mrem

Other, <2 mrem

\ Consumer Products, 10 mrem

E] Natural, 300 mrem Occupational 1 mrem
_ Fallout <1lmrem
[-22] Consumer Products Nuclear Fuel Cycle  0.04 mrem
and Medical, 65 mrem Miscellaneous 0.04 mrem
G01020114.97

= (National Council on Radiation Protection and Measurements 1987)

National Annual Average Radiological Doses from Various Sources I;

Other Hanford Environmental Programs

Climate and Meteorology

Meteorological measurements are taken to
support Hanford Site emergency preparedness,
site operations, and atmospheric dispersion

2000 Annual Environmental Report

calculations. Weather forecasting and maintenance
and distribution of climatological data are
provided. The data are provided by the Hanford
Meteorology Station, which is located on the
200 Areas plateau.



Cultural Resources

Management of archaeological, historical, and
traditional cultural resources at the Hanford Site
complies with the requirements of various federal
laws. During 2000, 113 cultural resource reviews
were requested and conducted on the Hanford Site
to comply with Section 106 of the National
Historic Preservation Act.

Monitoring conducted during 2000 focused on
four sites: Locke Island erosion, archaeological
sites affected by visitors or nature, historic build-
ings, and places with Native American burials. A
total of 96 archaeological sites, a building, and
cemetery or burial locations were monitoring dur-

ing 2000.

Public involvement is an important compo-
nent of cultural resource management. To accom-
plish this goal, DOE developed mechanisms that
allow the public access to cultural resources infor-
mation and the ability to comment and make
recommendations concerning the management of
cultural resources on the Hanford Site. Native
American involvement included the completion
of several surveys, construction monitoring, and

monthly meetings on cultural resource issues.

Community Operated
Surveillance Program

This program was initiated in 1990 to increase

the public’s involvement in and awareness of

xi

Hanford’s surveillance program. During 2000,
nine radiological air sampling stations were oper-
ated by local teachers at selected locations around

the site perimeter.

Quality Assurance

Comprehensive quality assurance programs,
which include various quality control practices
and methods to verify data, are maintained to
ensure data quality. The programs are imple-
mented through quality assurance plans designed
to meet requirements of the American National
Standards Institute/American Society of Mech-
anical Engineers and DOE Orders. Quality assur-
ance plans are maintained for all activities, and
auditors verify conformance. Quality control
methods include, but are not limited to, replicate
sampling and analysis, analysis of field blanks and
blind reference standards, participation in
interlaboratory crosscheck studies, and splitting
samples with other laboratories. Sample collection
and laboratory analyses are conducted using docu-
mented and approved procedures. When sample
results are received, they are screened for anoma-
lous values by comparing them to recent results
and historical data. Analytical laboratory perform-
ance on the submitted double blind samples, the
EPA Laboratory Intercomparison Studies Program,
and the national DOE Quality Assessment Pro-
gram indicated that laboratory performance was
adequate overall, was excellent in some areas, and

needed improvement in others.

Summary
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1.0 Introduction

R. W. Hanf and K. R. Price

This Hanford Site environmental report is pro-
duced through the joint efforts of the principal site
contractors (CH2M HILL Hanford Group, Inc.;
MACTEC-ERS; Pacific Northwest National Labo-
ratory; Fluor Hanford, Inc. and its affiliate com-
panies; and Bechtel Hanford, Inc. and its preselected
subcontractors). This report, published annually
since 1958, includes information and summary data
that 1) characterize environmental management
performance at the Hanford Site; 2) demonstrate the
status of the site’s compliance with applicable fed-
eral, state, and local environmental laws and regu-
lations; and 3) highlight significant environmental

monitoring and surveillance programs and projects.

Specifically, this report provides a short intro-
duction to the Hanford Site and its history; discusses
the site mission; and briefly highlights the site’s
various waste management, waste remediation,
environmental restoration, effluent monitoring,
environmental surveillance, and environmental
compliance programs and projects. Included are
summary data and descriptions for the Hanford Site

Groundwater/Vadose Zone Integration Project, the

Environmental Restoration Project, the Effluent
and Near-Facility Environmental Monitoring Pro-
gram, the Surface Environmental Surveillance
Project, the Hanford Groundwater Monitoring
Project, the Hanford Cultural Resources Labora-
tory, Ecosystem Monitoring and Ecological Com-
pliance, the Meteorological and Climatological
Services Project, and information about other pro-
grams and projects. Also included are sections dis-
cussing environmental occurrences, current issues
and actions, environmental cleanup and restora-
tion activities, compliance issues, and descriptions
of major operations and activities. This year’s
report also includes a brief discussion about a wild-
fire that occurred on the Hanford Site in June
2000. Readers interested in more detail than that
provided in this report should consult the tech-
nical documents cited in the text and listed in the
reference sections. Descriptions of specific analyti-
cal and sampling methods used in the monitoring
efforts are contained in the Hanford Site environ-
mental monitoring plan (DOE/RL-91-50).

11 Current Site Mission

For more than 40 years, Hanford Site facilities
were dedicated primarily to the production of pluto-
nium for national defense and to the management
of the resulting waste. In recent years, efforts at
the site have focused on developing new waste
treatment and disposal technologies and cleaning up

contamination left over from historical operations.

The Hanford Site has two major missions:

1) environmental management and 2) science and

1.1

technology. The environmental management mis-
sion includes the following activities:

* managing waste and the handling, storage,
treatment, recycling, and disposal of radioac-
tive, hazardous, mixed, or sanitary waste from

past and current operations

¢ stabilizing facilities by transitioning them from
an operating mode to a long-term surveillance
and maintenance mode. This includes main-

taining facilities in a safe and compliant status,
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deactivating primary systems to effectively
reduce risks, providing for the safe storage of
nuclear materials and reducing risks from haz-
ardous materials and contamination. These
activities are intended to allow the lowest sur-
veillance and maintenance costs to be attained
while awaiting determination of a facility’s final

disposition.

¢ maintaining the Fast Flux Test Facility
reactor and its associated support facilities
while proceeding to permanent deactivation
and shutdown of the facility

¢ maintaining and cleaning up several hundred
inactive radioactive, hazardous, and mixed waste
disposal sites; remediating contaminated
groundwater; and surveillance, maintenance,

and decommissioning of inactive facilities.

The science and technology mission includes

the following activities:

¢ research and development in energy, health,
safety, environmental sciences, molecular sci-
ences, environmental restoration, waste man-

agement, and national security

¢ developing new technologies for environ-

mental restoration and waste management,

including site characterization and assessment
methods; waste minimization, treatment, and

remediation technology.

DOE’s goal is to clean up Hanford Site waste and
ensure that its facilities are always in compliance

with federal, state, and local environmental laws.

The highest priority of the DOE’s Hanford Site
offices is to achieve daily excellence in protection of
the worker and the public and in stewardship of the
environment, both on and off the Hanford Site. By
meeting the most rigorous standards, the DOE’s
Richland Operations Office and Office of River
Protection provide safe and healthful workplaces
and protect the environment across the Hanford
Site. Fundamental to the attainment of this policy
are personal commitment and accountability,
mutual trust, open communication, continuous
improvement, worker involvement, and full par-
ticipation of all interested parties. Consistent with
the strategic plan for the site (DOE/RL-96-92),
both DOE offices on the site will reduce accidents,
radiological and toxicological exposures, and regula-

tory non-compliances.

1.2 Overview of the Hanford Site

The Hanford Site lies within the semiarid
Pasco Basin of the Columbia Plateau in south-
eastern Washington State (Figure 1.1). The site
occupies an area of ~1,517 square kilometers
(~586 square miles) located north of the city of
Richland and the confluence of the Yakima and
Columbia Rivers (DOE/EIS-0222). This large area
has restricted public access and provides a buffer for
the smaller areas on the site that historically were
used for production of nuclear materials, waste stor-
age, and waste disposal. The Columbia River flows
eastward through the northern part of the Hanford
Site and then turns south, forming part of the

eastern site boundary. The Yakima River flows near

2000 Annual Environmental Report

1.2

a portion of the southern boundary and joins the
Columbia River at the city of Richland. The
U.S. Fish and Waildlife Service administers
~06,775 hectares (165,000 acres) of the Hanford
Site.

1.2.1 Site Description

The major areas on the Hanford Site (see Fig-

ure 1.1) include the following:

e The 100 Areas, on the south shore of the
Columbia River, are the sites of nine retired

plutonium production reactors, including the

dual-purpose N Reactor (in the 100-N Area)



KITTITAS K
= COUNTY .=~ CRANT ASHINGTON
o COUNTY
s STy Sada,
COUNTY . ‘ T gy OUntaing
COUNTY fernita Covote Rapid R
Bridge “OyoteRapids E: y_ﬂ--,‘,_,,hm
100-N Springs’ i —l
3 : Shidle Mountam e “--._,h_' Ead 3
N4 b e S — 2 /¢
P l .
Wahluke Unit T ]
-.\.../ s’f
v’c- -
==
Meteorological <
Station -
¥ LIGO ~ /g Old Hanford Hanford Site
Columbia  rownsite Boundary
Generating Station

Fast Flux
Test Facility 400
Area

BENTON
COUNTY

‘& ’ T

<o Environmental - ;

*’ Molecular Sciences y

‘ Laboratory .. "N FRANKLIN ~
,"‘"" Richland North Area COUNTY
Former
1100 Area N
52
A
rae RVEr
BENTON
COUNTY & WALLA WALLA
§‘ COUNTY
T
V\éllav\e”a River
Washington Fiwy 12
Oregon
UMATILLA
COUNTY
. ®
L= =
Umatilla
G01020114.2

Figure 1.1. The Hanford Site and Surrounding Area

1.3

Introduction



2
SN, we, )
"1n W ':/‘:V"';' PATTTTT

(see Section 1.3.2). The 100 Areas occupy
~11 square kilometers (4 square miles).

¢ The 200-West and 200-East Areas are centrally
located on a plateau and are ~8 and 11 kilo-
meters (5 and 7 miles), respectively, south and
west of the Columbia River (see Section 1.3.3).
The 200 Areas cover ~16 square kilometers
(6 square miles).

e The 300 Area is located just north of the city of
Richland (see Section 1.3.1). This area covers
1.5 square kilometers (0.6 square mile).

e The 400 Area is ~8 kilometers (5 miles) north-
west of the 300 Area (see Section 1.3.4).

e The 600 Area includes all of the Hanford Site
not occupied by the 100, 200, 300, and
400 Areas.

e The former 311-hectare (768-acre) 1100 Area
is located generally between the 300 Area and
the city of Richland and included site support
services such as general stores and transporta-
tion maintenance. On October 1, 1998, this
area was transferred to the Port of Benton as a
part of the U.S. Department of Energy’s (DOE’s)
Richland Operations Office economic diversi-
fication efforts and is no longer part of the
Hanford Site. However, DOE contractors con-

tinue to lease facilities in this area.

e The Richland North Area (off the site) includes
DOE and contractor facilities, mostly leased
office buildings, generally located in the north-
ern part of the city of Richland.

Other site related facilities (office buildings) are
located within the Tri-City area.

The 78,900-hectare (195,000-acre) Hanford
Reach National Monument (Figure 1.2) was estab-
lished by Presidential Proclamation in June 2000
(65 FR 144) to protect the nation’s only free-
flowing stretch of the Columbia River above
Bonneville Dam and the largest remnant of the
shrub-steppe ecosystem once blanketing the

DOE and the U.S. Fish

Columbia River Basin.
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and Wildlife Service are joint stewards of the
The U.S. Fish and Wildlife Service
administers three major management units of the

1) Fitzner/Eberhardt Arid Lands
Ecology Reserve Unit, a 312 square kilometer

monument.
monument:

(120 square mile) tract of land in the southwestern
portion of the Hanford Site; 2) Saddle Mountain
Unit, a 130 square kilometer (50 square mile) tract
of land located north-northwest of the Columbia
River and generally south and east of State High-
way 24; and 3) Wahluke Unit, a 225 square kilo-
meter (87 square mile) tract of land located north
and east of both the Columbia River and the Saddle
Mountain Unit (see Figure 1.1). The portion of the
monument administered only by DOE includes the
McGee/Riverlands area (west of the Vernita Bridge
rest stop and north of State Highway 24), the
Columbia River islands of Benton County, the
Columbia River corridor (one-fourth mile inland
from the river shoreline) on the Hanford (Benton
County) side of the river, and the sand dunes area
located along the Columbia River north of Energy
Northwest. A piece of land (~162 hectares
[400 acres]) north of the Vernita Bridge and south
of State Highway 243 is managed by the Wash-
ington State Department of Fish and Wildlife. All
of these lands have served as a safety and security
buffer zone for Hanford Site operations since 1943,
resulting in an ecosystem that has been relatively

untouched.

Non-DOE operations and activities on Han-
ford Site leased land or in leased facilities include
commercial power production by Energy Northwest
(4.4 square kilometers [1.6 square miles]) and opera-
tion of a commercial low-level radioactive waste
burial site by US Ecology, Inc. (0.4 square kilometer
[0.2 square mile]). Kaiser Aluminum and Chemical
Corporation is leasing the 313 Building in the
300 Area to use an extrusion press that was for-
merly DOE owned. The National Science Foun-
dation has built the Laser Interferometer
Gravitational-Wave Observatory facility for gravi-
R. H. Smith Distributing

operates vehicle-fueling stations in the former

tational wave studies.
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1100 Area and in the 200 Areas. Washington State
University at Tri-Cities operates three laboratories
in the 300 Area. Livingston Rebuild Center, Inc.
has leased the 1171 Building, in the former
1100 Area, to rebuild train locomotives. Johnson
Controls, Inc. operates 42 diesel and natural gas
package boilers to produce steam in the 200 and

1.5

300 Areas (replacing the old coal-fired steam
plants) and also has compressors supplying com-

pressed air to the site.

GO

S,

Near the city of Richland, immediately VR

adjacent to the southern boundary of the Hanford -
Site, Framatome ANP, Inc. (formerly Siemgnfy

Introduction
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Power Corporation) operates a commercial nuclear
fuel fabrication facility and Allied Technology

Group Corporation operates a low-level radioactive

waste decontamination, super compaction, and

packaging facility.

1.3 Historical Site Operations

This section discusses the historic operational
mission of the Hanford Site. Sections 1.1 and 2.3

summarize current activities at the Hanford Site.

The Hanford Site was established in 1943 to use
technology developed at the University of Chicago
and the Clinton Laboratory in Oak Ridge, Ten-
nessee, to produce plutonium for some of the
nuclear weapons tested and used in World War II.
Hanford was the first plutonium production facility
in the world. The site was selected by the U.S. Army
Corps of Engineers because it was remote from major
populated areas and had 1) ample electrical power
from Grand Coulee Dam, 2) a functional railroad,
3) clean water from the nearby Columbia River, and
4) sand and gravel that could be used to construct
large concrete structures. For security, safety, and
functional reasons, the site was divided into num-

bered areas (see Figure 1.1).

Hanford Site operations have produced liquid,
solid, and gaseous waste. Most waste resulting from
site operations had at least the potential to contain
radioactive materials. From an operational stand-
point, radioactive waste was originally categorized
(see Table 10.3 in Fitzgerald 1970) as “high level,”
“intermediate level,” or “low level,” which referred
to the level of radioactivity present. Some high-
level solid waste, such as large pieces of machinery
and equipment, were placed onto railroad flatcars and
stored in underground tunnels. Both intermediate-
and low-level solid waste, consisting of tools, machin-
ery, paper, or wood, was placed into covered trenches
at storage and disposal sites known as “burial
grounds.” Beginning in 1970, solid waste was segre-
gated according to the makeup of the waste mate-

rial. Solids contaminated with plutonium and other
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transuranic materials were packaged in special con-
tainers and stored in trenches covered with soil for

possible later retrieval.

High-level liquid waste was stored in large
underground tanks. Intermediate-level liquid waste
streams were usually routed to underground struc-
tures of various types called “cribs.” Occasionally,
trenches (specific retention trenches) were filled
with the liquid waste and then covered with soil after
the waste had soaked into the ground. Low-level
liquid waste streams were usually routed to sur-
Non-

radioactive solid waste was usually burned in

face impoundments (ditches and ponds).

“burning grounds.” This practice was discontinued
in the late 1960s in response to the Clean Air Act,
and the materials were buried at sanitary landfill
sites. These storage and disposal sites, with the
exception of high-level waste tanks, are now desig-
nated as “active” or “inactive” waste sites, depending

on whether the site currently receives waste.

All unrestricted discharges of radioactive liquid
waste to the ground were discontinued in 1997.
The 616-A crib (a state permitted facility also
known as the State-Approved Land Disposal Site)
receives radioactive (tritium) liquid waste from the
200 Areas Effluent Treatment Facility. This effluent
is the only discharge of radioactive liquid waste to the
ground at Hanford. All liquids discharged to the
ground are approved by separate permits from the
state of Washington. Current liquid effluent treat-
ment facilities are discussed in Section 2.3.9.
Efforts to cleanup (remediate) former liquid waste
disposal sites are discussed in Sections 2.3.11 and

7.2.2.



National Pollutant Discharge Elimination Sys-
tem permits issued by the U.S. Environmental Pro-
tection Agency (EPA) govern liquid discharges to
the Columbia River (40 CFR 122). Permits from
EPA, the Washington State Department of
Health, and the Washington State Department of
Ecology govern the discharge of gaseous effluents to
the atmosphere. See Section 2.2 for details. The
status of the high-level waste tanks is discussed in

Section 2.3.7.

1.3.1 The 300 Area

From the early 1940s until the advent of the
cleanup mission, most research and development at
the Hanford Site were carried out in the 300 Area,
located just north of Richland. The 300 Area was
also the location of nuclear fuel fabrication. Nuclear
fuel in the form of pipe-like cylinders (fuel elements)
was fabricated from metallic uranium shipped in
from offsite production facilities. Metallic uranium
was extruded into the proper shape and encapsulated
in aluminum or zirconium cladding. Copper was
an important material used in the extrusion process,
and substantial amounts of copper, uranium, and
other heavy metals ended up in 300 Area liquid
waste streams. Initially, these streams were routed to
the 300 Area waste ponds, which were located near
the Columbia River shoreline. In more recent
times, the low-level liquid waste was sent to process
trenches or shipped to a solar evaporation facility in
the 100-H Area (183-H solar evaporation basins).
This practice was discontinued in December 1994.
At this time, all liquid process waste generated in
the 300 Area is treated at the 300 Area Treated
Effluent Disposal Facility and released to the Colum-
bia River according to the requirements of a
National Pollutant Discharge Elimination System
permit (see Section 2.3.4.3). Efforts in 2000 to clean
up former waste disposal sites in the 300 Area are
briefly discussed in Section 2.3.11.2. Sewage waste
is released into the city of Richland sanitary water

treatment system.

1.7

Former fuel fabrication buildings and facilities
are now used for other purposes or are in various
stages of cleanup or restoration. For example, the
313 Building that houses a very large and unique
extrusion press is leased by DOE to Kaiser Alumi-

num and Chemical Corporation.

1.3.2 The 100 Areas

The fabricated fuel elements were shipped by
rail from the 300 Area to the 100 Areas. The
100 Areas are located along the Columbia River
shoreline, where up to nine nuclear reactors were
in operation. The main component of the nuclear
reactors consisted of a large pile of graphite blocks
that had tubes and pipes running through it. The
tubes were receptacles for the fuel elements while
the pipes carried water to cool the graphite pile.
Placing large numbers of slightly radioactive ura-
nium fuel elements into the tubes created an
intense radiation field, and a radioactive chain reac-
tion resulted in the conversion of some uranium
atoms into plutonium atoms. Other uranium
atoms were split into radioactive “fission products.”
The intense radiation field also caused some non-
radioactive atoms in the structure to become radio-

active “activation products.”

The first eight rea