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Preface

The U.S. Department of Energy (DOE) Order
5400.1, “General Environmental Protection Pro-
gram,” establishes the requirement for environ-
mental protection programs to ensure that DOE
operations are in compliance with applicable fed-
eral, state, and local environmental laws and
regulations, executive orders, and department
policies. The DOE Richland Field Office (RL) has
established a plan for implementing this order,
United States Department of Energy-Richland
Operations Office Environmental Protection
Implementation Plan (Brich and Paasch 1990);
this plan is updated annually. ‘

The Hanford Site Environmental Report is pre-
pared annually pursuant to DOE Order 5400.1
for the purpose of presenting summary envi-
ronmental data that characterize Hanford Site
environmental management performance and
that demonstrate compliance status. The report
also highlights significant environmental pro-
grams and efforts. More detailed environmental
compliance, 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 is written to meet DOE or-
der reporting requirements and guidelines, it is
also intended to meet the needs of the public.
The Summary has been written minimizing the
use of technical terminoclogy. The Helpful Infor-
mation section lists acronyms, abbreviations,
conversion information, and nomenclature useful
for understanding the report.

This report is prepared for the RL Technical Sup-
port Division as an activity of the Hanford Envi-
ronmental Surveillance and Oversight Program,

_ Pacific Northwest Laboratory, Office of Hanford

Environment. Pacific Northwest Laboratory is
operated for DOE by Battelle Memorial Institute.
Battelle Memorial Institute is a not-for-profit
independent contract research institute.

Inquiries regarding this report may be directed to

.the RL Technical Support Division, P.O. Box 550,

Richland, Washington 99352, or to Pacific North-
west Laboratory, Office of Hanford Environment,
P.0O. Box 999, Richland, Washington 99352.
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Summary

The Hanford Site Environmental Report is pre-
pared annually to summarize environmental data
and information, describe environmental man-
agement performance, and demonstrate the
status of compliance with environmental regula-
tions. The report also highlights major environ-
mental programs and efforts.

The report is written to meet reporting require-
ments and guidelines of the U.S. Department of
Energy (DOE). However, the report is also in-
tended to meet the needs of the public. This sum-
mary has been written with a minimum of tech-
nical terminology. The section entitled Helpful
Information can also aid in reading and inter-
preting the body of the report.

This report is prepared for the DOE Richland
Field Office, Technical Support Division, as an
activity of the Hanford Environmental Surveil-
lance and Oversight Program, Pacific Northwest
Laboratory, Office of Hanford Environment. In-
quiries regarding this report may be directed to
the U.S. Department of Energy, Richland Field
Office, Technical Support Division, P.O. Box 550,
Richland, Washington 99352, or Pacific North-
west Laboratory, Office of Hanford Environment,
P.0. Box 999, Richland, Washington 99352.

The following sections:

® describe the Hanford Site and its new
mission

* gummarize the status in 1890 of compliance
with environmental regulations

¢ describe the environmental programs at the
Hanford Site

¢ present information on environmental sur-
veillance and the ground-water protection
and monitoring program

¢ discuss activities to ensure quality.
More detailed information can be found in the

body of the report and in the references cited
there.

The Hanford Site and Iis
Mission

The Hanford Site in southcentral Washington
State is about 1,450 km? (about 560 mi?) of semi-
arid shrub-steppe located just north of the
confluence of the Snake and Yakima rivers. This
land, with restricted public access, provides a
buffer for the smaller areas historically used for
the production of nuclear materials, waste stor-
age, and waste disposal. About 6% of the land
area has been disturbed and is actively used.
This 6% is divided into operational areas:

e the 100-B/C, 100-D, 100-F, 100-H, 100-K, and
100-N Areas, which lie along the Columbia
River in the northern portion of the Hanford
Site

® the 200-East and 200-West Areas, which lie
in the center of the Hanford Site near the
basalt outcrops of Gable Mountain and Gable
Butte

¢ the 300 Area, near the southern border of the
Hanford Site

e the 400 Area, between the 300 and 200 Areas
(home of the Fast Flux Test Facility)

e the 1100 Area, a corridor northwest of the
city of Richland used for vehicle maintenance
and other support activities.

The 600 Area is the designation for land between
the other operational areas.

The Hanford Site was acquired by the federal
government in 1943 and was dedicated for more
than 20 years primarily to the production of plu-
tonium for national defense and the management
of the resulting wastes. In the following vears,
missions were diversified to include research and
development in the areas of energy, waste man-
agement, and environmental restoration.




Summary

The DOE is ending the production of nuclear
materials at Hanford for weapons. The new mis-
sion being implemented by the DOE Richland
Field Office (RL) includes:

* waste management

® environmental restoration

e research and development

&

technology development.

Current waste management activities at the
Hanford Site include primarily managing wastes
with high and low levels of radioactivity (from
the defense activities) in the 200-East and 200-
West Areas and storing used fuel in the 100-K
Area.

Environmental restoration includes activities to
decontaminate and decommission facilities and to
clean up or restore inactive waste sites. The
Hanford surplus facilities program conducts sur-
veillance and maintenance of such facilities, and
has begun to clean up and dispose of more than
100 facilities. The environmental restoration
program was established to clean up about 1,100
inactive waste sites.

Research and technology development activities
are also conducted on the Hanford Site in the 200
and 300 Areas and an administrative area south
of the Hanford Site boundary. Many of these
activities are intended to improve the techniques
and reduce the costs of waste management, envi-
ronmental protection, and Site restoration.

Operations and activities on the Hanford Site are
managed by RL through four prime contractors
and numerous subcontractors. Each contractor is
responsible for the safe, environmentally sound
maintenance and management of its facilities
and operations, waste management, and monitor-
ing of operations and effluents for environmental
compliance.

The principal contractors include:
¢ Westinghouse Hanford Company

¢  Battelle Memorial Institute

s  Kaiser Engineers Hanford
¢  Hanford Environmental Health Foundation

s  Boeing Computer Services Richland (subcon-
tractor to Westinghouse Hanford Company).

Non-DOE operations and activities included com-
mercial power production by the Washington
Public Power Supply System’s WNP-2 reactor
{near the 400 Area) and commercial low-level
radicactive waste burial by U.S. Ecology (near
the 200 Areas). Advanced Nuclear Fuels Corpo-
ration {now Siemens Nuclear Power Corporation)
operated a commercial nuclear fuel fabrication
facility, and Allied Technology Group Corporation
operated a low-level radicactive waste decontami-
nation, supercompaction, and packaging-for-dis-
posal facility adjacent to the southern boundary
of the Hanford Site.

Compliance With Environ-
mental Regulations

The DOE Order 5400.1, “General Environmental
Protection Program,” describes the environmen-
tal standards and regulations applicable at DOE
facilities. These environmental standards and
regulations fall into three categories: 1) DOE
directives, 2) federal legislation and executive
orders, and 3) state and local statutes, regula-
tions, and requirements. The following subsec-
tions summarize the status of Hanford’s compli-
ance with these applicable regulations and list
environmental occurrences for 1990.

A key element in Hanford’s compliance program
is the Hanford Federal Facility Agreement and
Consent Order (Tri-Party Agreement). The Tri-
Party Agreement establishes schedules for
achieving compliance with requirements for man-
aging hazardous and mixed wastes and provides
the framework for the cleanup of Hanford over
the next 30 years. The Tri-Party Agreement is
an agreement among the U.S. Environmental
Protection Agency (EPA), Washington State De-
partment of Ecology (WDOE), and DOE for
achieving the compliance with the remedial ac-
tion provisions of the Comprehensive Environ-
mental Response, Compensation, and Liability




Act (CERCLA) [including Superfund Amend-
ments and Reauthorization Act (SARA)] and with
treatment, storage, and disposal unit regulation
and corrective action provisions of the Resource
Conservation and Recovery Act (RCRA).

Compliance Status

This section summarizes the activities conducted
to ensure that the Hanford Site is in compliance
with envirenmental protection regulations.

Comprehensive Environmental
Response, Compensation, and Liability
Act

The CERCLA established a program to ensure
that sites contaminated by hazardous substances
are cleaned up by responsible parties or the gov-
ernment. The SARA broadened CERCLA and
extended it to federal facilities.

The preliminary assessments conducted for the
Hanford Site revealed approximately 1,100
known individual waste sites where hazardous
substances may have been disposed of in a man-
ner that requires further evaluation to determine
impact to the environment.

The DOE is actively pursuing the remedial inves-
tigation/feasibility studies (RI/FS) process at
some operable units on the Hanford Site. All
milestones related to the RI/FS process estab-
lished for 1990 were achieved, and Hanford was
in compliance with these CERCLA/SARA re-
quirements.

Under Section 103(a), the Emergency Release
Notification provision of CERCLA, releases ex-
ceeding reportable quantity limits for regulated
chemicals were appropriately reported.

Superfund Amendments and
Reauthorization Act, Title III

Title III of SARA is a free-standing law, called
the Emergency Planning and Community Right-
to-Know Act of 1986. The purpose of Title 11 is
to provide the public with information about
hazardous chemicals in their community and
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establish emergency planning and notification
procedures to protect the public in the event of a
release.

During 1996, the Hanford Site was in compliance
with the reporting and notification requirements
contained in Title II1.

Resource Conservation and Recovery
Act

The RCRA establishes regulatory standards for
the generation, transportation, storage, treat-
ment, and disposal of hazardous waste. The
WDOE has been authorized by the EPA to imple-
ment these regulatory standards in Washington
State. The WDOE also implements the state’s
regulations, which are often more stringent.

At the Hanford Site, 61 treatment, storage, and
disposal (TSD) units have been identified that
must be permitted or closed in accordance with
RCRA and Washington regulations. The TSD
units are being operated under the interim status
compliance requirements of the state’s regula-
tions. Approximately one-half of the units will be
closed; applications for operating under a RCRA
Part B permit will be made for the other units,
which will continue to operate.

Subtitle I of RCRA deals with regulation of un-
derground storage tank systems. The EPA has
promulgated regulations that impose technical
standards for tank performance and manage-
ment, including standards governing the cleanup
and closure of leaking tanks.

During 1990, five underground petroleum-prod-
uct storage tanks located in the 100-N Area were
removed from the ground and disposed of.
Throughout the Hanford Site, nine other petro-
leum tanks and two pressurized piping systems
were inspected and tested. Two petroleum stor-
age tanks, one at the 100-N Area and the other at
the 200-East Area, were reported as each having
a leak near the top of the tank.

Ancther issue for 1990 was the methods for han-
dling and disposing of potentially contaminated
purgewater. (Ground-water monitoring wells on
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the Hanford Site are purged before sampling.)
On August 9, 1990, the Tri-Party Agreement
Project Managers for DOE, EPA, and WDOE
signed the “Strategy for Handling and Disposin,
of Purgewater at the Hanford Site, Washington.”
The strategy includes containing the purgewater
in retention tanks and sampling for contami-
nants before it is returned to the soil.

Under provisions of RCRA, new management
strategies and new technologies must be devel-
oped to reduce the volume and toxicity of waste
generated. Numerous waste minimization tech-
niques are being implemented across the Site.

A number of major nationwide regulatory con-
flicts and issues have been identified in com-
plying with RCRA requirements. The RL has
notified regulators of the compliance issues con-
sidered unresolved and of nationsal significance.
The WDOE has not formally responded. The
EPA is addressing these issues on the national
level.

Clean Air Act

The purpose of the Clean Air Act is tc protect
public health and welfare by safeguarding air
quality, bringing polluted air into compliance,
and protecting clean air from degradation. In
Washington State, the provisions of the act are
implemented by EPA, WDOE, Washington State
Department of Health (DGH), and local air au-
thorities.

The Hanford Site is operated under a Prevention
of Significant Deterioration permit (No. PSD-
X80-14) issued by the EPA in 1880. The permit
sets specific limits for emissions of nitrogen
oxides from the Plutonium Uranium Extraction
(PUREX) and Uranium Oxide (UQ,) plants.

The DOH, Division of Radiation Protection, has
promulgated regulatory controls for radioactive
air emissions under Section 116 of the Clean Air
Act. Washington State regulations (WAC 246-
247) require registration of all radioactive air
emission point sources with the DOH. All signifi-
cant Hanford Site stacks emitiing radiation have
been registered in accordance with applicable
regulations. These stacks are included in the
DOH permit (No. ¥F-01) to RL for the Hanford
Site.

New Clean Air Act requirements for radioactive
air emissions were igsued December 15, 1989,
under 40 CFR 61, Subpart H. Emissions from the
Hanford Site are well within the new EPA offsite
emissions standard of 10 rarem/yr [effective dose
equivalent (see Glossary)l. However, Hanford
Site sources do not yvet meet the new procedural
requirements for flow measurement, emissions
measurement, guality assurance, and sampling
documentation. The RL sent a formal request for
a 2-year extension of the Subpart H requirements
to EPA Region 10 on May 14, 1980.

The EPA has retained authority for regulating
certain hazardous pollutants under different
standards, called the National Emission Stan-
dards for Hazardous Air Pollutants (NESHAP),
per 40 CFR 61. Pursuant to the NESHAP pro-
gram within the Clean Air Act, EPA has devel-
oped regulations specifically addressing asbestos
emissions. These regulations apply at Hanford in
building demolition/disposal and waste disposal
operations.

The local air authority, the Tri-Counties Air Pol-
lution Control Authority, enforces General Regu-
lation 80-7. This regulation pertains to detrimen-
tal effects, fugitive dust, incineration products,
odor, opacity, asbestos, and sulfur oxide emis-
sions. The Authority has been delegated to en-
force the EPA ssbestos regulations under
NESHAP. The Site remains in compliance with
the regulations.

During 1990, Hanford Site air emissions re-
mained below all regulatory limits concerning
radioactive and other regulated poilutants.

Clean Water Act

The Clean Water Act applies to all nonradioac-
tive discharges to waters of the United States. At
the Hanford Site, the regulations are applied
through a National Pellutant Discharge Elimina-
tion System (NPDES) permit governing effluent
discharges to the Columbia River.

The NPDES permit (No. WA-000374-3) specifies
discharge points (called outfalls, of which there
are eight), effluent limitations, and monitoring
requirements.
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There were three reportable releages in 1990.

The first sccurred when the free available chlo-
rine discharge limit was exceeded in April 1990
at a 100 Area outfall. The 300 Area reported that
the settleable solids discharge Hmit was exceeded
in May 1890. On June 20, 19990, an aluminum
sulfate spiil resulted in a discharge that exceeded
the pH limit for a 100 Area outfall. Nonetheless,
during 1990, the Hanford Site was in substantive
compliance with the discharge limits,

Safe Drinking Water Act

The National Primary Drinking Water Regula-
tions of the Safe Drinking Water Act apply to the
drinking water supplies at the Hanford Site.
These regulations are enforced by the DOH. Dusr-
ing 1990, sanitary water was supplied on the
Hanford Site by 15 individual drinking water
systems. With one exception, all water systems
were in compliance with the requirements of the
applicable regulations. The one exception con-
cerns the requirement for the correct number of
certified operators.

Toxic Substances Control Act

The application of Toxic Substances Control Act
requirements to Hanford essentially involves
regulation of PCBs. The Hanford Site is cur-
rently in compliance with regulations for nonra-
dioactive PCBs. For radioactive PCBs, effective
treatment and disposal technologies have not
been developed. These wastes are being stored
with EPA approval, pending development of
treatment and disposal technologies.

Federal Insecticide, Fungicide, and
Rodenticide Act (FIFRA)

The EPA is responsible for ensuring that a chem-
ical, when used according to label instructions,
will not present unreasonable risks to human
health or the environment. The FIFRA and the
Revised Code of Washington 17.21, “Washington
Pesticide Application Act,” as implemented by
WAC 16-228, General Pesticides Regulations,
apply to storage and use of pesticides. The Han-
ford Site is in compliance with the Act’s require-
ments and WAC 16-228 regulations pertaining to
storage and application of pesticides.
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Endangered Species Act

A few rare species of native plants and animals
are known to occur on the Hanford Site. Some of
these are listed by the U.S. Fish and Wildlife
Service as endangered or threatened (federally
listed). Others are listed by the Washington
State Department of Wildlife as endangered,
threatened, or sensitive species. The Site moni-
toring program is discussed in Section 3.3, “Envi-
ronmental Studies and Programs.” Hanford ac-
tivities complied with the Endangered Species
Act in 1990.

National Historic Preservation Act, Ar-
chaeological Resources Protection Act,
and American Indian Religious Freedom
Act

Cultural resources on the Hanford Site are sub-
ject to the provisions of the National Historic
Preservation Act and the Archaeological Re-
sources Protection Act. Compliance with these
Acts is accomplished through a monitoring pro-
gram which is described in Section 3.3, “Environ-
mental Studies and Programs.” In 1990, Hanford
operations complied with these Acts.

National Environmental Policy Act
(NEPA)

The NEPA establishes environmental policy to
prevent or eliminate damage to the environment
and to enrich our understanding of ecological
systems and natural resources. The NEPA re-
quires that major federal projects with significant
impacts be carefully reviewed and reported to the
public in environmental impact statements
(EISs). Other NEPA documents such as environ-
mental assessments are also prepared in accor-
dance with NEPA requirements.

Several EISs related to programs or activities on
the Hanford Site are in process or in the planning
stage. These are:

e Draft Environmental Impact Statement, De-
commissioning of Eight Surplus Production
Reactors at the Hanford Site, Richland,
Washingion

ix
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¢ Office of Environmenicl Restoration and
Waste Management Programmatic Environ-
mental Impact Statement

¢ Hanford Remedial Action Environmental
Impact Statement

e [rradiated Fuel Environmental Impact State-
ment

e Waste Tank Safety Supplemental Environ-
mental Impact Statement

¢ Single-Shell Tank Closure Supplemental
Environmental Impact Statement

s New Production Reactor Environmental Im-
pact Statement.

Environmental OQceurrences

Onsite and offsite environmental cceurrences
(spills, leaks, etc.) of radioactive and nonradioac-
tive effluent materials during 1990 were reported
to DOE as specified in DOE Order 5000.3A and
to other federal and state agencies as required by
law. All Emergency, Unusual, and Off-normal
Occurrence Reports, including event descriptions
and corrective actions, are available for review in
the RL Public Reading Room at the Federal
Building, Richland, Washington. There were no
Emergency Gccurrence Reports on file in the
reading room for 1990. A large number of off-
normal environmental cccurrence reports were
filed at Hanford during 1990, covering everything
from spills of automotive battery acid to leaks
from overheated motor vehicle cooling systems.
Because of the volume of reported off-normal
occurrences, event summaries are not included
here.

The 1990 unusual occurrences with the most

potential for environmental impact and their
pccurrence numbers are:

o Aluminum Sulfate Spill (WHC-UG-90-027-
100N-01)

s Apparent Tank Leak (WHC-UG-90-23-T¥-05)

»  Chlorine Discharge to the Columbia River
(WHC-U0-90-028-100N-02)

L]

Leaking Pipe (WHC-UO-90-33-SWM-03)
s Gasoline Leak (WHC-90-0337-100N)
*  Missing Ethylene Glycol (PNL-80-06}

s  Unauthorized Disposal of Liguid Hazardous
Waste (PNL-90-04)

¢ Waste Container Failure (Kaiser 80-001)

¢ Radionuclide Release (WHC-UO-90-031-B
Plant-02)

o Contamination Control Loss in the 200-West
Area (WHC-UG-90-007-SWM-1).

Environmental Programs

Environmental programs were conducted at
Hanford to restore environmental quality, man-
age waste, develop appropriate technology for
cleanup activities, and study the environment.
These programs are discussed below.

Environmental Restoration

The environmental restoration program has been
established, as mandated by Congress in 1988, to
clean up inactive waste sites, and decontaminate
and decommission surplus facilities. Two major
programs will implement these actions:

s environmental restoration remedial action
program

s  Hanford surplus facilities program.

The environmental restoration remedial action
program was established to comply with regula-
tions for characterization and cleaning up of in-
active waste sites. The program specifically in-
cludes identification and characterization of
inactive sites, cleanup design and action, and
posi-closure activities of inactive radioactive,
chemically hazardous, and mixed waste sites. A
number of operable units (clusters of waste sites)
have been created. The eperable units in the
1100 Area have been given high priority because
of their proximity to drinking water sources for
the city of Richland. The environmental




restoration remedial action program will also
support development of optimal waste retrieval
and in-place disposal technologies for the several
types of wastes currently stored in single-shell
tanks.

Many DOE-owned facilities at the Hanford Site
that were formerly used for nuclear materials
production have been retired from service and
declared surplus. The Hanford surplus facilities
program manages these facilities for DOE. The
program provides for surveillance and mainte-
nance, as well as eventual decommissioning, of
these facilities.

The activities currently under way include clean-
ing up the 183-H Solar Evaporation Basins, de-
commissioning of the 201-C Strontium Semi-
works, decommissioning of several 100 Areas
ancillary facilities, and preparing the final EIS
Decommissioning of Eight Surplus Production
Reactors at the Hanford Site, Richiand,
Washington.

Waste Management

Waste management is the safe and effective man-
agement of active and standby facilities and the
treatment, storage, and disposal of radicactive,
hazardous, and mixed waste. An important com-
ponent is to minimize the generation of waste.
The Site contractors have integrated waste mini-
mization and pollution prevention awareness
programs into a single, coordinated initiative.
Waste minimization is being accomplished pri-
marily by source reduction and recycling tech-
niques.

A major strategy for Hanford’s waste manage-
ment is to discontinue discharges of liquid con-
taminated effiuents to the soil column. Effluent
streams containing hazardous and/or radioactive
wastes will no longer be discharged or will be
treated to remove contaminants before discharge.
Thirty-two liquid effluent streams have been
identified for which action is required. This ac-
tion is included as a milestone under the Tri-
Party Agreement Action Plan.

The major effort for cleanup of the Hanford Site
will be the disposal of the stored wastes resulting
from past production operations. The sirategies
for handling and disposing of these wastes, as
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well as newly generated wastes, were established
through the National Environmental Policy Act
{(NEPA) process. The resulting record of decision
recommends implementing preferred alterna-
tives, described by the Final Environmenial Im-
pact Statement, Disposal of Hanford Defense,
High-Level Transuranic and Tank Wastes.

Technology Development

The Office of Technology Develepment was
formed to consolidate and provide centralized
management and oversight for research, develop-
ment, demonstration, testing, and evaluation
activities, and support to DOE Headquarters
(HQ, in Washington, D.C.) Offices of Environ-
mental Restoration and Waste Management,
Waste Operations, Defense Programs, Nuclear
Energy, and Energy Research. The technology
development activities seek to coordinate new
and more effective technologies to solve environ-
mental restoration and waste management
problems.

During 1990, two integrated demonstrations
were assigned to Hanford contractors for lead
coordination: 1) for underground storage tank
stabilization and remediation, and closure of
high-priority single-shell tank RCRA sites and 2)
to provide solutions for the expedited response
action to remediate the carbon tetrachloride
plume in the 200-West Area.

Environmental Studies

Studies were conducted to monitor rare, threat-
ened, or endangered species; species of wildlife
and fish that are valued as commercial, recre-
ational, or aesthetic resources; and those species
that can be used as biological indicators of the
presence of toxic and hazardous materials in the
environment. In addition, the Cultural Re-
sources Project manages the archaeological, his-
torical, and cultural resources of the Hanford Site
in a manner consistent with the National His-
toric Preservation Act, the Archaeclogical Re-
sources Protection Act, and the American Indian
Religious Freedom Act. A meteorology program
was also maintained to document meteorological
conditions at Hanford for emergency response
purposes and use in dose calculations.
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The Hanford Environmental Dose Reconstruction
(HEDR) Project was initiated in 1988 to develop
estimates of the radiation doses people could
have received from past operations at Hanford.
In 1990 scientists completed the first phase of the
project. The objectives of this phase were to 1)
determine whether encugh historical information
could be found or reconstructed to be used for
dose estimation, and 2) develop and test concep-
tual and computational models for calculating
credible dose estimates.

Environmental Monitoring
Information

Environmental monitoring of the Hanford Site
consists of 1) effluent monitoring and 2) environ-
mental surveillance. Efftuent monitering is per-
formed as appropriate by the Site facility opera-
tors at the facility or at the point of release to the
environment. Environmental surveillance con-
sists of sampling and analyzing envirenmental
media on and off the Hanford Site to detect and
quantify potential contaminants, and to assess
their environmental and human health signifi-
cance.

The overall objectives of the monitoring programs
are to demonstrate compliance with federal,
state, and local regulations; confirm adherence to
DOE environmental protection policies; and sup-
port environmental management decisions.

The following sections describe the effluent moni-
toring and environmental surveillance conducted
in 1990 and the results. During 199G the con-
tract for the analysis of environmental monitor-
ing samples was terminated (see Section 2.3).
The delays associated with replacement of the
contract resulted in some samples not being ana-
lyzed, and in a few cases there appeared to be
differences in the results from the two contrac-
tors. These cases are discussed in the body of the
report.

Effluent Monitoring

The facility operators quantify and document the
amounts of radioactive and nonradioactive lig-
uids, gases, and solids released to, or disposed of

in, the environment from their operations. These
efforts determine the degree of compliance with
applicable federal, state, and local regulations
and permits. Major facilities have facility efflu-
erntt monitoring plans that are part of the Site
environmental monitoring plan required by DOE
orders. Monitoring data are also used in: pollu-
tion abatement programs that assess the effec-
tiveness of effluent treatment and control.

Radioactive and nonradioactive releases to the
air are monitored through a combination of stack
measurements and calculations based on process
data. Radicactive effiuents include volatile forms
of radionuclides, noble gases, and radioactive
particles. Effluent streams that have a potential
to release 10% of discharge limits are monitored.
Stacks are monitored for total alpha and total
beta activity and for specific radionuclides poten-
tially emitted from the facility. Nonradioactive
effluents are monitored in effluent streams that
have a potential for emitting 50% of applicable
standards. Monitoring focuses on nitrogen ox-
ides, particulate matter, sulfur oxides, carbon
monoxide, hydrocarbons, and ammonia. Air
emission points were located in the 100, 200, 300,
400, 600, and 1100 Areas.

The total amount of activity released to air in
1990 decreased significantly from that released
in 1989. However, releases of I, the primary
contributor to the potential air pathway dose to
the hypothetical maximally exposed individual,
did not change. Nonradioactive discharges to air
continued to be within permitted limits.

Liguid effluents are discharged onsite to cribs,
ponds, ditches, trenches, and french drains. Ef-
fluents are discharged directly to the Columbia
River from the 100 and 300 Areas, and to the
City of Richland treatment facility from the 1100
Areas. Where the potential exists for regulated
materials to be transported, samples are collected
to ensure that the affluents do not exceed existing
standards. Radioactive liguid discharges to the
ground were significantly reduced in 1990
because of the closure of the PUREX Plant, as
were nonradioactive discharges, with the excep-
tion of total organic carbon and nitrates in the
200 Areas. Radicactive discharges to the Colum-
bia River in the 100 Area showed increases in
some radionuclides and decreases in others.




Discharges to the river from ground-water
infiltration along the Hanford Reach were
estimated as lower than in 1989 based on the
absence of any detection of ¥Te.

Air Surveillance

Transport of atmospheric releases of radicactive
and nonradioactive materials from Hanford to
the surrounding region represents a direct path-
way for human exposure. Radiocactive materials
in air were sampled continuously onsite, at the
Site perimeter, and in nearby and distant com-
munities at 53 locations. Particulates were fil-
tered from the air at all locations and analyzed
for radionuclides. Air was sampled and analyzed
for selected gaseous radionuclides at key loca-
tions. Nitrogen dioxide (NO,) was sampled at
three locations onsite. Several radionuclides re-
leased at Hanford are aiso found worldwide from
two other sources: those radionuclides that are
naturally occurring and those resulting from the
fallout from nuclear weapons testing. The influ-
ence of Hanford emissions on local radienuclide
levels was indicated by the difference between
concentrations measured at a distant upwind lo-
cation within the region and concentrations mea-
sured close o the Site.

In 1990, °H, ], uraninm, gross alpha, and gross
beta concentrations were greater at the down-
wind Site perimeter than at a distant upwind
location. The differences in °H and '#1 were
likely due to Site operations. The differences in
gross alpha, gross beta, and uranium were pre-
dominantly due to the effects of natural geo-
graphic variations. The air pathway resulted in a
potential dose to the maximally exposed indi-
vidual that was 0.09% of the Clean Air Act stan-
dard. Annual average NO, concentrations at all
sampling locations were less than 12% of federal
and Washington State ambient air quality
standards.

Surface-Water Surveillance

The Columbia River was one of the primary envi-
ronmental exposure pathways to the public dur-
ing 1990 as a result of operations at the Hanford
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Site. Radiological and nonradiclogical contam-
inants 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 com-
pliance with applicable standards.

Although radionuclides associated with Hanford
operations continued to be routinely identified in
Columbia River water during the year, concen-
trations remained extremely low at all locations
and were well below applicable standards. Non-
radiological water quality constituents measured
in Columbia River water during 1990 were also
in compliance with applicable standards.

Three onsite ponds were sampled to determine
radionuclide concentrations. These ponds are
accessible te migratory waterfow! and other ani-
mals. As a result, a potential biological pathway
exists for the removal and dispersal of contami-
nants that may be in the ponds. Concentrations
of radionuclides in water coliected from these
ponds during 1990 were similar to those observed
during past years. In all cases, radionuclide con-
centrations in the onsite pond water were below
the DOE Derived Concentration Guides (DCG).

Samples of Columbia River surface sediments
were collected from behind McNary and Priest
Rapids dams and from three shoreline sloughs
along the Hanford Reach of the Columbia River
during 1990. Because of the termination of the
analytical contract during the year, sediment
sample results were not gvailable for inclusion in
this report. Previous sampling has shown that
slightly elevated levels of some radionuclides
exist in surface sediments behind McNary Dam
as a result of Hanford operations.

Offsite water, used for irrigation and/or drinking
water, was sampled to determine radionuclide
concentrations in water used by the nearby
public. Elevated gross alpha and gross beta
concentrations, attributed to naturally occurring
uranium, were observed at some locations. Aver-
age radionuclide concentrations in offsite water
during 1990 were within applicable drinking
water limits.
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Food and Farm Product Surveillance

Alfalfa and a number of foodstuffs, including
milk, vegetables, fruits, wine, wheat, beef, chick-
ens, and eggs, were collected at several locations
surrounding the Hanford Site during 1990.
Samples were collected primarily from locations
in the prevailingly downwind directions (to the
south and east of the Site) where airborne efflu-
ents from Hanford could be expected to be depos-
ited. Samples were also collected in generally
upwind directions somewhat distant from the
Site to provide information on levels of radioac-
tivity that could be attributed to worldwide fall-
out. Foodstufls were also collected from the
Riverview area where crops were irrigated with
water pumped from the Columbia River down-
stream of the Site. Alfaifa and foodstuff samples
were analyzed for one or more of the following
radionuclides: #H, %8r, ¥, ¥1] ¥Cg and
239,240?11'

In many samples, the concentrations of specific
radionuclides were below detection limits. How-
ever, low levels of °H, ®Sr, ], and ¥Cs were
found in a number of foodstuff samples collected
during 1990. Generally, concentrations of ¥Sr
and ¥Cs in samples collected near the Hanford
Site were similar to those in samples collected
away from the Site. However, ¥Sr was found at
higher concentrations in alfalfa irrigated with
Columbia River water, and concentrations of **1
appeared to be higher in milk sampled from loca-
tions close to the Hanford Site perimeter. Levels
of *H in wine indicated an apparent increase in
concentration that will require further sampling
and analysis to clarify. The potential offsite ra-
diation dose from consumption of foodstuffs
grown in the vicinity of the Hanford Site was a
very small fraction of the public dose standard as
determined by the reported measurements and
pathway modeling (as discussed in “Potential
Radiation Doses from 1890 Hanford Operations,”
Section 4.8).

Wildlife Surveillance

The Hanford Site serves as a refuge for a variety
of wildlife, such as waterfowl, rabbits, and deer.
Wildlife have access te several areas near facili-
ties that contain low levels of radionuclides
attributable to Site operations (for example,

waste-water ponds) and serve as biclogical indi-
cators of environmental contamination. Samp-
ling was performed in areas where the potential
exists for wildlife to ingest radionuclides from
sources of surface contamination. The number of
animals that visited these areas was small com-
pared to the total wildlife population in the re-
gion. In addition, fish were collected from the
Hanford Reach of the Columbia River. Analyses
provided an indication of the radionuclide con-
centrations in local sport fish and were used to
evaluate the potential dose to humans from this
pathway.

Analytical results for wildlife, clam, and fish
samples collected during 1990 were similar to
those from recent years. The potential dose to a
person who consumed wildlife containing even
the maximum radionuclide concentrations meas-
ured in wildlife on the Site in 1990 was far below
applicable standards for radiation dose. While
most samples were collected as scheduled, only
selected samples were analyzed because of the
interruption in analytical services in June 1990.

Soil and Vegetation Surveillance

Because of the loss of analytical support in June
1990 and limited capability to perform soil analy-
ses at the interim analytical facility, only a small
subset of the soil and vegetation samples col-
lected and archived in 1990 were selected for
analysis and reporting. No samples of soil or
natural vegetation from onsite locations were
analyzed. Samples were analyzed from three
offsite soil locations and six vegetation locations
east of Hanford. The purpose of sampling was to
detect the possible accumulation of radienuclides
from the deposition of airborne effluents released
from Hanford facilities. Samples were collected
at nonagricultural, relatively undisturbed sites so
that natural deposition and accumulation would
be represented.

Results in 1990 remained low and did not indi-
cate trends or increases in the concentrations of
radionuclides in the offsite environment that
could be attributed to Hanford operations with
the exception of increasing uranium concentra-
tions. Uranium concentrations, however, re-
mained very low and near natural soil concentra-
tions.




External Radiation Surveillance

Dose rates from external radiation were mea-
sured at a number of locations in 1980 using
thermoluminescent dosimeters (TLDs). Artificial
and naturally occurring external radiation
sources (cosmic radiation and radionuclides in
the air and ground), as well as worldwide fallout,
all contributed to the dose rates measured. Re-
sults from both onsite and offsite TLDs were
similar to results for the previous 5 years. Some
onsite dose rates near waste storage and han-
dling facilities were elevated above natural back-
ground rates, but these were in agreement with
historical values. Any observed differences at
specific locations can be attributed to variability
in naturally occurring dose rates from year to
yvear and expected measurement variability at
low dose rates. These observations indicate no
increase from the typical historical external ra-
diation levels for all TLD locations.

Varicus routine external radiation and contami-
nation surveys were performed at numerous loca-
tions on the Hanford Site. Selected onsite roads,
railroads, waste disposal sites (located outside of
operating areas), locations on the Columbia River
shoreline, and areas of the Site perimeter were
surveyed for elevated radiation levels. In addi-
tion, a report from the Remote Sensing Labora-
tory on a 1988 external radiation survey per-
formed over the Hanford Site and surrcunding
area with aerial radiological equipment indicated
1o increase in areas with elevated external radia-
tion levels since the last (1978) aerial study. In
general, the report showed a decrease in levels
historically attributed to past Hanford activities,
mainly because of radioactive decay of the arti-
ficial radionuclide sources in the environment
and, to some extent, the changing operational
activities at the Site.

Potential Radiation Doses from 1990
Hanford Operations

Potential radiation doses were calculated for the
hypothetical maximally exposed individual (MED
and the general public residing within 80 km of
the Hanford Site. These calculations included
the potential impact of radionuclides in the envi-
ronment of Hanford from 1990 operations and of
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those reaching the Columbia River from past
operations.

The potential radiation dose to the ME] from
Hanford operations in 1890 was 0.03 mrem
(0.0003 mSv). The current DOE limit for an indi-
vidual member of the public is 180 mrem/yr

(1 mSv/yr), and the national average radiation
dose from natural scurces is 300 mrem/yr (3 mSv/
yr). The dose that the MEI potentially received
was 0.03% of the limit and §.01% of the national
average dose from natural sources.

The potential radiation dose from 1990 opera-
tions to the local population of 340,000 persons
was 2 persen-rem (0.02 person-8v). The average
dose to this population was potentially 0.006
mrem (0.00006 mSv) per person. This average
dose is 0.006% of the limit and 0.002% of that
from natural sources.

Ground-Water Protection
and Monitoring Program

Radiological and chemical constituents in ground
water were monitored during 1990 throughout
the Hanford Site in support of the overall objec-
tives deseribed in “Environmental Program Infor-
mation,” Section 3.0. Monitoring activities were
conducted to identify and guantify existing,
emerging, or potential ground-water quality
problems; assess the potential for contaminants
to migrate off the Hanford Site; and prepare an
integrated assessment of the condition of ground
water on the Site. To comply with the Resource
Conservation and Recovery Act, additiona}
monitoring was conducted to assess the impact
that specific facilities have had on ground-water
quality (DOE 1991). During 1990, 623 Hanford
Site wells were sampled to satisfy ground-water
monitoring needs. As discussed in Section 4.3,
four additional wells located across the Columbia
River and east of the Hanford Site were sampled
to determine whether Hanford operations had
affected water quality off the Hanford Site.

Analytical results for samples were compared
with EPA Drinking Water Standards (DWS)
(Tables B.2 and B.3, Appendix B) and DOE’s De-
rived Concentration Guides (BDCG) (Table B.6,
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Appendix B). Ground water beneath the Hanford
Site is used for drinking at five locations. Only
the drinking water in the 400 Area at the F¥TF
Visitors Center is available for public consump-
tion; this source is discussed in Section 4.8. In
addition, water supply wells for the city of
Richland are located adjacent to the southern
boundary of the Hanford Site.

Radiological monitoring results indicated that
gross alpha, gross beta, *H, %Co, %8r, #T¢, ],
and ¥Cs concentrations in wells in or near oper-
ating areas were at levels above the DWS. Con-
centrations of uranium in the 200-West Area
were above the DCG. Concentrations of °H in the
200 Areas and *Sr in the 100-N and 200-East
Areas were also above the DCG. Tritium contin-
ued to move slowly with the general ground-wa-
ter flow and discharge to the Columbia River.

Certain chemicals regulated by the EPA and the
State of Washington were also present in Han-
ford ground water near operating arveas. Nitrate
concentrations exceeded the DWS at isolated
locations in the 100, 200, and 300 Areas and in
several 600 Area locations. Chromium concen-
trations were above the DWS at the 100-D,
160-H, and 100-K Areas, and in the surrounding
areas. Chromium concentrations above the DWS
were also found in the 200-East and 200-West
Areas. Cyanide was present in ground water
north of the 200-East Area. High concentrations
of carbon tetrachloride and chloroform were
found in wells in the 200-West Area. Trichloro-
ethylene was found at levels exceeding the DWS
at wells in and near the 100-F, 200-West, and
300 Areas. Trichlorethylene levels in wells near
the Solid Waste Landfill (cutside the 200-East
Area) have dropped to slightly below the DWS,
while tetrachloroethylene levels in those wells
remain just above the DWS. Sampling at men-
itoring wells near Richland water supply wells
showed that concentrations of regulated

groundwater constituents in this area were below
the DWS and, in general, below detection levels.

A comprehensive review of all ground-water
monitoring work on the Site is published annu-
ally (for example, Evans et al. 1990). Before 1889,
these reports contained complete listings of all
radiological and chemical data collected during
the reporting periods. Since 1989, complete list-
ings can be found in a companion volume to this
report (for example, Bryce and Gorst 1990).

Quality Assurance

A comprehensive quality assurance (QA) pro-
gram, which included various quality control
{QC) practices and methods to verify data, was
maintained to ensure data quality. The QA pro-
gram is implemented through QA plans designed
to meet the requirements in the American Na-
tional Standards Institute/American Society of
Mechanical Engineers NQA-1 QA program docu-
ment and DOE orders. Quality assurance plans
are maintained for all surveillance activities, and
conformance is verified by independent auditors.
Quality control methods include replicate sam-
pling and analysis, analysis of blanks and refer-
ence standards, participation in interlaboratory
cross-check studies, and splitting samples with
other laboratories. Sample collection and labora-
tory analyses are conducted using documented
and approved procedures. When sample results
are received, they are screened for anomalous
values by comparing them to recent results and
historical data. Analytical laboratory perfor-
mance on the EPA Laboratory Intercomparison
Studies Program and the national DOE Quality
Assessment Program indicated that 90% of the
results were within the control limits, a result
that ranked very favorably among participating
laboratories.
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Helpful Information

The following information is provided to assist
the reader in understanding the report. Defini-
tions of technical terms can be found in Appen-
dix A, "Glossary.”

Scientific Notation

Scientific notation is used in this report to ex-
press very large or very small numbers without
using a long line of zeros. For example, the num-
ber 1 billion could be written as 1,000,000,000 or
using scientific notation as 1 x 10°. Translating
from scientific notation to a more traditional
number requires moving the decimal point either
left or right from the number. If the value given
ig 2.0 x 107, the decimal point should be moved
three numbers (insert zeros if no numbers are
given) to the right of its present location. The
number wouid then read 2,600. If the value
given is 2.0 x 10, the decimal point should be
moved five numbers to the left of its present
location. The result would become 0.00002.

Metric Units

The primary units used in this report are metric.
Table H.1 summarizes and defines the terms and
corresponding symbols (metric and nenmetric)
found throughout this report.

Radioactivity Units

Much of this report deals with levels of radio-
activity in various environmental media and the
impact these levels have on people living within a
defined area. Radicactivity in this report is
usually discussed in units of curies (Ci) (Table
H.2). The curie is the basic unit used to describe
the amount of radioactivity present, and concen-
trations are generally expressed in terms of
fractions of curies per unit mass or volume. One
curie is equivalent to 37 billion disintegrations
per second or is a quantity of any radionuclide

TableH.1. Names and Symbols for Units
of Measure
Length
Symbol Name
km kilometer (10° m)
m meter
cm centimeter (102 m)
mm  millimeter (10° m)
pm  micrometer (10° m)
Time
Symbol Name
yr year
d day
h hour
min minute
8 second
Area
Symbol Name
ha hectare (10,060 m?
Volume
Symbol Name
em?® cubic centimeter
L liter
mlL milliliter (10° L)
m® cubic meter
ppmv  parts per million volume
cfs cubic feet per second
Mass
Symbol Name
g gram
kg kilogram (10° g)
ug microgram (10 g}
ng nanogram (107 g)
t metric ton (or tonne; 10° kg)
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Table H.2. Units of Radioactivity

Radioactivity

Symbol Name

Ci curie

m{i millicurie (10° Ci)
uCi microcurie (10 Ci)
nCi nanocurie (10¥ Ci)
pCi picocurie (1072 Ci)
fCi femtocurie (10 Ci)
aCi attocurie (1028 Ci)
Bg becquerel

that decays at the rate of 37 billion disintegra-
tions per second. Disintegrations generally
produce spontaneous emissions of alpha or beta
particles, gamma radiation, or combinations of
these. In some instances in this report, radiation
values are written with two different sets of
units. One set of units is always included in
parenthesis or footnotes. These units belong to
the International System of Units (51), and their
inclusion in this report is mandated by DOE. Si
units are the “new” internationally accepted
units and will eventually be the standard for
reporting radicactivity and radiation dose in the
United States. The basic unit for discussing
radioactivity, the curie, can be converted to the
equivalent SI unit, the becquerel (Bg), by multi-
plying by 3.7 x 10'%. One becquerel is equivalent
to one nuclear disintegration per second.

Radiation Dose Units

The amount of radiation received by a living
organism is expressed in terms of radiation dose.
Radiation dose in this report is usually written in
terms of effective dose equivalent and reported
numerically in units of rem or in the SI unit,
sievert (Sv) (Table H.3). Rem (sievert) is a term
that relates ionizing radiation and biclogical
effect or risk. A dose of 1 millirem has a biologi-
cal effect similar to the dose received from about
one day of exposure to natural background
radiation (see “Hanford Environmental Radiation
Public Dose in Perspective” in Section 4.8 for a
more in-depth discussion of risk comparisons).
For those readers interested in converting the
most commonly used dose term in this report, the

Table H.3. Units of Hadiation Dose

Radiation Dose

Symbel Name

rem rem

mrem mitiirem (107 rem)
Sv sievert

mSv millisievert (107 Sv)
uSv microsievert (10° Sv)

millirem, to the SI equivalent, the sievert,
1 sievert is equal to 1.0 x 10° millirem.

Additional information on radiation and dose
terminoclogy can be found in the glossary of this
report (Appendix A). A list of the radionuclides
discussed in this report and their half-lives is
included on page xxxvii of this section.

General information on radiation and radiation
dose, Hanford’s Environmentai Monitoring
Program, Hanford’s Cultural Resource Program,
and Hanford’s wildlife has been compiled in
informational pamphlets that can be obtained,
free, by writing to Dr. Robert H. Gray, Manager,
Hanford Environmental Surveillance and Over-
sight, P.O. Box 999, Richland, Washington 99352.
More comprehensive readings on radiation and
radiation dose can be found in most public
libraries and in many local book stores.

Understanding the Data
Tables

Measuring any physical quantity (e.g., tempera-
ture, distance, time, or radioactivity) has some
degree of inherent uncertainty. This uncertainty
results from the combination of all possible
inaccuracies in the measurement process, includ-
ing such factors as the reading of the result, the
calibration of the measurement device, and
numerical rounding errors. In this report,
individual radicactivity measuremenis are
accompanied by a plus or minus (1) value {some-
times expressed as a percentage of the related
concentration value), which is the uncertainty
term known as a two-sigma counting error.
Because measuring a radionuclide requires a
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process of counting random radioactive emissions
from a sample, the two-sigma counting error
gives information on what the measurement
might be if the same sample were counted again
under identical conditions. The two-sigma
counting error implies that approximately 85% of
the time, a recount of the same sample would
give a value somewhere between the reported
value minus the two-sigma counting error and
the reported value plus the two-sigma counting
error. Values in the tables that are less than the
two-sigma counting error indicate that the
reported result might have come from a sample
with no radicactivity. Such values are considered
as below detection. Also note that each radioac-
tive measurement must have the random back-
ground radioactivity of the measuring instrument
subtracted; therefore, negative results are
possible, especially when the sample has very
little radioactivity.

Just as individual values are accompanied by
two-sigma counting errors, reported means (X)
are accompanied by two standard errors of the
calculated mean (SEM). In this report, SEM is
expressed as a percentage of the mean concentra-
tion value. If the data fluctuate randomly, then
the SEM is a measure of the uncertainty in the
estimated mean of the data due to this random-
ness. If trends or periodic (e.g., seasonal) fluctua-
tions are present, then the SEM is primarily a
measure of the variability in the trends and
fluctuations about the mean of the data, rather
than a measure of the uncertainty of the esti-
mated mean due to random fluctuations in the
data.

Understanding Graphical
Information

Graphical data presentations are useful when
comparing numbers collected at several locations
or at one location over time. Graphs make it
easier to visualize differences where they exist.
However, while graphs may make it easier to
evaluate data, they may also lead the reader to
incorrect conclusions if they are not interpreted
correctly. Careful consideration should be given

Helpful Information

to the scale (linear or logarithmic) and concentra-
tion units being used.

Bome of the data graphed in this report are
plotted using logarithmic {(or compressed) scales.
Logarithmie scales are useful when plotting two
or more numbers that vary greatly in size. For
example, a sample with a concentration of 5 g/L
would get lost at the bottom of the graph if
plotted on a linear scale with a sample having a
concentration of 300 g/L (Figure H.1). A loga-
rithmic plot of these same twe numbers would
allow the reader to see both data plots and
compare their relative concentrations

(Figure H.2).

Many of the mean values graphed in this report
have vertical lines (bars) extending above and
below the data point. These bars (called error
bars), which are usually capped at both ends with
a short horizontal line, indicate the ameunt of
uncertainty in the reported result. The error
bars in this report represent a 95% chance that
the result is between the upper and lower ends of
the error bar, and a 5% chance that the actual
result is either lower or higher than the error
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Figure H.1. Data Plotied Using a Linear Scale
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Figure H.2. Data Plotted Using a Logarithmic
Scale

bar.™ For example, in Figure H.3, the first
plotted value has a result of 2.0 £ 1.1, so there is
a 95% chance that the actual result is between
0.9 and 3.1, a 2.5% chance it is less than 0.9, and
a 2.5% chanece it is greater than 3.1, Error bars
are computed statistically employing all of the
information used to generate the data point
plotted on the graph. These bars indicate whe-
ther one value is statistically similar to or dif-
ferent from anocther value. If the error bars (or
range of values) of two or more values overlap, as
is the case with values 1 and 3 and values 2 and
3, the values 4re considered to be similar, statis-
tically. If the error bars do not overlap (values 1
and 2), the values are considered to be statis-
tically different. Values that appear to be very
different visually (values 2 and 3) may actually
be quite similar when compared statistically.

(a) Assuming the Normal statistical distribution
of the data.

Concentration
T

et
™)

3

89105027.3n

Figure H.3. Data With Ervor Bars Plotted Using
a Linear Scale

Greater Than (>) or Less
Than (<) Symbols

Greater than (>) or less than (<) symbols are used
to indicate that the actual value may either be
larger than the number given or smaller than the
number given. For example, >0.09 would indi-
cate that the actual value is greater than 0.09.
An inequality symbol pointed in the opposite
direction (<0.09) would indicate that the number
is less than the value presented. If an inequality
symbol is used in association with an underscore
(< or 2), this indicates that the actual value is
either less-than-or-equal-to or greater-than-or-
equal-to the number given, respectively.
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Radionuclide Nomenclature

Helpful Information

Radionuclide Symbaol Haif.Life Radionuclide Symbol
tritium SH 12.3 yr promethium-147  *Pm
carbon-14 U 5730 yr europium-152 B2Eu
sodium-22 2Ng 2.6 yr europium-154 154E
argon-41 Ay 18h europium-155 B5Eu
chromium-51 SNy 2774 thallium-208 20877
manganese-54 SMn 312¢ bismuth-212 212R3
cobalt-60 g 5.3 yr lead-212 212P,
nickel-63 53N 92 yr polonium-212 212Pg
krypton-85 SR 10.7 yr polonium-216 216Pg
strontium-89 899Gy 524 radon-220 220Rn
strontium-90 990Gy 28.8 yr radium-226 226Ra
nicbium-95 %Nb 36 d radium-228 25Ra
zirconium-95 9B 64.0 d uranium total U or uranium
molybdenum-99 Mo 66.0 h uranium-234 24
technetium-99 e 2.12x 10%yr uranium-235 5y
ruthenium-103 103Ry 39.44d uranium-236 6y
ruthenium-106 1%6Ru 367 d uranium-238 #87
tin-113 1138y 1154 plutonium-238 2Py
antimony-125 125Sh 2.7 yr neptunium-239 Z9Np
iodine-129 1291 1.6x107yr plutonium-239 239Py
iodine-131 131y 804d plutonium-240 240y
cesium-134 134(g 2.1 yr plutonium-241 241Py
cesium-137 B0y 30.2 yr americium-241 1 Am
cerium-144 1#4Ce 284 d

Half-Life

262 yr

12 yr

18 yr
18yr

3.1 min
60.6 min
166 h
0.3x10%s
0.15s

55.6 s
1600 yr
5.75 yr
2.4x 10%yr
7x 10%yr
2.3 x 107yr
4.5x 10°yr
87.7 yr
244

2.4 x 10%*yr
6537 yr
144 yr
433 yr
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Elemental and Chemical Constituent Nomenclature

Constituent Symbol Constituent Symbol
aluminum Al iron Fe
ammonia NH, lead Pob
ammonium NH, magnesium Mg
antimony Sh manganese Mn
arsenic As mercury Hg
barium Ba nickel Ni
beryllium Be nitrate NO,
bicarbonate HCO, nitrogen N
boren B nitrogen dioxide NG,
cadmium Cd phosphate PO,
calcium Ca phosphorus P
carbon C potassium K
carbonate COoy selenium Se
carbon tetrachloride CCl, gilver Ag
chloride Cr sodium Na
chromium (species) Cr® strontium St
chromium (total) Cr sulfate SO,
copper Cu vanadium v
fluoride F zinc Zn

Conversion Table

Multiply By To Obtain Multiply By To Obtain
in. 2.54 cm cm 0.394 in.
ft 0.305 m m 3.28 ft
mi i.61 km km 0.621 mi
b 0.454 kg kg 2.205 ib
lig gt 0.946 L L 1.057 Hg gt
ft? 0.093 m? m? 10.76 ft?
acres 0.405 ha ha 2.47 acres
mi? 2.55 km? km? 0.386 mi?
ft? 0.028 m® m? 357 ft?
dpm 0.450 pCi pCi 2.22 dpm
nCi 0.001 pCi oCi 1000 nCi
pCi/L 10° nCi/mL uCi/mkL 10° pCi/L
pCi/m?® 162 Ci/m? Ci/m? 10+ pCi/m?
pCi/m? 0w mCi/em? mCi/em® 19 pCi/m?
mCi/km? 1.0 nCi/m? nCi/m? 1.0 mCi/km?
becquerel 3.7 x 197° curie curie 3.7 x 10% becguerel
gray 100 rad rad 0.01 gray
sievert 160 rem rem 0.01 sievert
ppb 0.001 ppm ppm 1600 ppb
ppm 1.0 mg/L mg/L 1.0 ppm
°F (Fe-32)+9/5 °C *C (C°x95)+32 °F
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Acronyms and Abbreviations

ALARA
ALE

ANSI

ASME

ASTM

CEDE

CERCLA

CFR

DCE

BCG

DOE

DOE-HQ

DOH

DoT

DWS
EDE
EIS

EIs-ODIS

EML

as low as reasonably achievable
Arid Lands Ecology (Reserve)

American National Standards
Institute

American Society of Mechanical
Engineers

American Society for Testing and
Materials

committed effective dose
equivalent

Comprehensive Environmental
Response, Compensation, and
Liability Act

Code of Federal Regulations
dichloroethylene

Derived Concentration Guide

U.S. Department of Energy

U.S. Department of Energy-
Headquarters

State of Washington Department
of Health

U.S. Department of
Transportation

drinking water standards
effective dose equivalent
environmental impact statement
Effluent Information System/
Onsite Discharge Information

System

Environmental Measurements
Laboratory

EPA

ERDA

ES&H

DA

FEMP

FFTIF

FIFRA

FR

HCRL

HEDR

HMS

ICRP

Isv

It

LWDF

MCL

MDA

MDC

ME]

Helpful Information

U.S. Environmental Protection
Agency

U.S. Energy Research and
Development Administration

environment, safety, and health

U.S. Food and Drug
Administration

Facility Effluent Monitoring Plan
Fast Flux Test Facility

Federal Insecticide, Fungicide,
and Rodenticide Act

Federal Register
fiscal year

Hanford Cultural Resources
Laboratory

Hanford Envirenmental Dose
Reconstruction Project

Hanford Meteorological Station

International Commission on
Radioclogical Protection

in situ vitrification

International Technology Co. Inc.
Ligquid Waste Disposal Facility
maximum contaminant level
minimum detectable activity

minimum detectable
concentration

maximally exposed individual
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Helpful Information

NCRP

NEPA

NESHAP

NPDES

NPR

NRC

NS

NTU
PCB
PrP
PNL

PSD

PUREX

QC
RCRA

RCW

REDOX

National Council on Radiation
Protection and Measurements

National Environmental Policy
Act

National Emission Standards for
Hazardous Air Pollutants

National Pollutant Discharge
Elimination System

New Production Reactor

U.S. Nuclear Regulatory
Commission

no standard

nephelometric turbidity unit
polychlorinated biphenyl
Plutonium Finishing Plant
Pacific Northwest Laboratory

prevention of significant
deterioration

Plutonium Uranium Extraction
(Plant)

guality assurance
quality control

Resource Conservation and
Recovery Act

Revised Code of Washington

Reduction Oxidation (Plant)

RIFS
RL
SARA

SE
SEM
SEN
SI
TCE
TLD
TOX
TRU
TSD
U0, Plant
UsC
USGS
UST
VOA
WAC

WDOE

remedial investigation/feasibility
study

U.8. Department of Energy
Richland Field Office

Superfund Amendments and
Reauthorization Act

standard error

standard error of the mean
Secretary of Energy Notice
International System of Units
trichioroethylene
thermoluminescent dosimeter
total organic halogens
transuranic

freatment, storage, and disposal
Uranium Oxide Plant

United States Code

U.S. Geological Survey

U.S. Testing Company, Inc.
volatile organic analyses
Washington Administrative Code

State of Washington Department
of Ecology
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1.0 Introduction

The purpose of this report is to present summary
information and data that characterize Hanford
Site environmental management performance
and demonstrate the status of compliance with
applicable federal, state, and local environmental
laws and regulations. The report also highlights
significant environmental programs and efforts.

The report describes the changing Site mission
and activities, general environmental features,
radiological and chemical releases from cpera-
tions, status of compliance with environmental
regulations, status of programs to accomplish
compliance, and environmental monitoring
activities and results.

Those interested in more detail than the sum-
mary information presented in this report are
referred to the technical reports cited in the text.
Report sources include the National Technical
Information Center, Springfield, Virginia 22161
and libraries. Descriptions of analytical and
sampling methods, formerly part of this report,
will be contained in the Hanford Site Environ-
mental Monitoring Plan to be completed in
November 1991, Readers less familiar with the
concepts, terminclogy, and units used in the
report may find the preceding Helpful Informa-
tion section useful.







1.1 Site Mission

| The Hanford Site was acquired by the federal * Research and Development in energy, health,

government in 1943. For more than 20 years, safety, environmental sciences, molecular sci-

% Hanford Site facilities were dedicated primarily ences, environmental restoration, waste man-

to the production of plutonium for national de- agement, and national security

3 fense and management of the resulting wastes.

In following years, programs at the Hanford Site * 'Technology Development of new environmen-

were diversified to include research and develop- tal restoration and waste management tech-
ment for advanced reactors, renewable energy nologies, including site characterization and
technologies, waste disposal technologies, and assessment methods; waste minimization,
cleanup of contamination from past practices. treatment, and remediation technology; and

education outreach programs.
The U.S. Department of Energy (DOE) is estab-
lishing a new mission for Hanford including: DOE has set the goal of cleaning up Hanford’s
waste sites and bringing its facilities into compli-

¢  Waste Management of stored defense wastes ance with all local, state, and federal environ-

and the handling, storage, and disposal of ra- mental laws by 2018.

dioactive, mixed, hazardous, or sanitary

wastes from current operations

¢ Environmental Restoration of approximately
1100 inactive radioactive, mixed, and hazard-
ous waste sites and about 100 surplus
facilities







1.2 Major Operations and Activities

The primary DOE operations and activities on
the Hanford Site in 1890 included waste manage-
ment, site restoration, environmental corrective
actions, research and technology development,
and site management. The majority of these
activities were conducted under the Environmen-
tal Restoration and Waste Management Program
for the Hanford Site. The overall program plan is
discussed in Section 3.0, “Environmental Pro-
gram Information.”

Waste Management

Current waste-management activities at the Site
primarily included the management of high- and
low-level defense wastes in the 200-East and
200-West Areas (Figure 1.1) and the storage of
spent defense fuel in the 100-K Area. Key waste-
management facilities include the waste storage
tanks, 100-K Fuel Storage Basins, Plutonium
Uranium Extraction (PUREX) Plant, Plutonium
Finishing Plant (PFP), B Plant, and 242-A
Evaporator.

Waste-management activities involving single-
shell and double-shell tanks currently include
ensuring safe storage of wastes through surveil-
lance and monitoring of the tanks and upgrading
moenitoring instrumentation. Studies are also
being conducted to address the risks of chemical
explosions in some tanks.

The 100-KE and 100-KW Fuel Storage Basins are
currently being used to store N Reactor spent
fuel. In October 1990, DOE announced an envi-
ronmental impact statement would be prepared
to evaluate options for disposition of the remain-
ing fuel.

The PUREX Plant formerly processed irradiated
reactor fuel to extract plutonium. Operation of
the plant was stopped on December 7, 1988, for
safety reasons. From December 1989 through
March 1980, the facility completed a stabilization
run to process fuel remaining in the plant. PUREX
did not operate in 1990 after the stabilization run

and is currently in standby status awaiting de-
termination of the option for disposition of the
remaining N Reactor fuel.

The PFP was used to convert liquid plutonium
from the PUREX Plant to plutonium oxide or
metal. The PFP has not produced a preduct since
1987. The plant also processes and stabilizes
scrap plutonium materials; operations for this
purpose will resume in 1991,

B Plant was being upgraded in 1990 to operate as
a pretreatment facility to separate high- and low-
activity fractions of stored tank wastes. The cost
effectiveness of upgrading the facility to meet cur-
rent safety and environmental requirements is
being investigated to determine whether the
plant will operate in the future.

The 242-A Evaporator is used to treat dilute
waste from double-shell waste tanks. It did not
operate in 1990.

Site Restoration

Site restoration includes activities to decontami-
nate and decommission facilities and to clean up
or restore inactive waste sites.

The Hanford surplus facilities program conducts
surveillance and maintenance of surplus facili-
ties, and has begun to clean up and dispose of
more than 100 facilities. Decontamination and
decommissioning activities in 1990 included com-
pletion of the liguid waste solidification at the
183-H Solar Evaporation Basins. In addition,
design work was completed to remove backfill
from the 100-F and 100-H Fue! Storage Basins.

The environmental restoration remedial action
program was established to clean up about 1100
inactive waste sites. During 1990, remedial inves-
tigations were completed for a group of sites just
north of Richland. These investigations included
soil sampling, geophysical investigations, and
radiological surveys. Wells for water sampling
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