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Preface

U.S. Department of Energy (DOE) Order 5400.1,
“General Environmental Protection Program,” estab-
lishes the requirement for environmental protection
programs. These programs ensure that DOE operations
comply with applicable federal, state, and local environ-
mental laws and regulations, executive orders, and
department policies. The DOE, Richland Operations
Office (RL), has established a plan for implementing this
order, United States Department of Energy Richland
Field Office Environmental Protection Implementation
Plan, November 9, 1992, to November 9, 1993 (DOE
1992g). This plan is updated annually.

The Hanford Site Environmental Report is prepared
annually pursuant to DOE Order 5400.1 to summarize
environmental data that characterize Hanford Site
environmental management performance and demon-
strate compliance status. The report also highlights
significant environmental programs and efforts. More
detailed environmental compliance, monitoring, surveil-
lance, 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 reporting
requirements and guidelines, it is also intended to be

useful to members of the public, public officials,
regulators, and Hanford Site contractors.® The Sum-
mary has been written with a minimum of technical
terminology. The Helpful Information section lists
acronyms, abbreviations, conversion information, and
nomenclature useful for understanding the report.

This report is prepared for the RL Quality, Safety, and
Medical Programs Division as an activity of the Public
Safety and Resource Protection Program, Pacific
Northwest Laboratory, Office of Health and Environ-
ment. 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 Quality, Safety, and Medical Programs Division,
P.O. Box 550, Richland, Washington 99352, or to
Pacific Northwest Laboratory, Office of Health and
Environment, P.O. Box 999, Richiand, Washington
99352.

(a) A brief general summary of this report in pamphlet form is also available by contacting the Pacific Northwest

Laboratory at the address given above.
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Summary

The Hanford Site Environmental Report is prepared
annually to summarize environmental data and informa-
tion, describe environmental management performance,
and demonstrate the status of compliance with environ-
mental regulations. The report also highlights major
environmental programs and efforts.

The report is written to meet reporting requirements and
guidelines of the U.S. Department of Energy (DOE) and
to meet the needs of the public. This summary has been
written with a minimum of technical terminology.

The following sections:
* describe the Hanford Site and its mission

» summarize the status in 1992 of compliance
with environmental regulations

«  describe the environmental programs at the
Hanford Site

»  discuss public dose estimates from 1992
Hanford activities

» present information on effluent monitoring
and environmental surveillance, including
ground-water protection and monitoring

»  discuss activities to ensure quality.

More detailed information can be found in the body of
the report, the appendixes, and the cited references.

The Hanford Site and its
Mission

The Hanford Site in southcentral Washington State is
about 1,450 square kilometers (560 square miles) of
semi-arid shrub-steppe located just north of the conflu-
ence of the Snake and Yakima rivers with the Columbia

River. This land, with restricted public access, provides
a buffer for the smaller areas historically used for the
production of nuclear materials, waste storage, and waste
disposal. About 6% of the land area has been disturbed
and is actively used. This 6% is divided into operational
areas:

« 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

»  the 400 Area, between the 300 and 200 Areas
[home of the Fast Flux Test Facility (FFTF)]

¢ 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

operational areas. Areas used for research and devel-
opment and administrative functions can be found in

Richland, Kennewick, and Pasco, the nearest cities.

The Hanford Site was acquired by the federal govern-
ment in 1943 and was dedicated for many years primar-
ily to the production of plutonium for national defense
and the management of the resulting wastes. With the
shutdown of the production facilities, missions were
diversified to include research and development in the
areas of energy, waste management, and environmental
restoration.

The DOE has ended the production of nuclear materials
at the Hanford Site for weapons. The mission being
implemented by the DOE, Richland Operations Office
(RL), includes:
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s waste management

<  environmental restoration
¢ 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 nuclear materials pro-
duction activities) in the 200-East and 200-West Areas.
Key waste management facilities include the waste stor-
age tanks, Plutonium Uranium Extraction (PUREX)
Plant, Plutonium Finishing Plant, Central Waste Com-
plex, Low-Level Burial Ground, B Plant, and 242-A
Evaporator. In addition, used nuclear fuel is stored in
the 100-K fuel storage basins.

Environmental restoration includes activities to decon-
taminate and decommission facilities and to clean up or
restore inactive waste sites. The Hanford surplus facili-
ties program conducts surveillance and maintenance of
such facilities, and has begun to clean up and dispose of
more than 100 facilities. Current activities include decom-
missioning of the CX-70-tanks (strontium semiworks)
and preparing the 183-H Solar Evaporation Basins for
Resource Conservation and Recovery Act (RCRA)
closure.

Research and technology development activities are also
conducted on the Hanford Site in the 200, 300, and 400
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, environmental protection, and Site
restoration.

Operations and activities on the Hanford Site are man-
aged by RL through four prime contractors and numer-
ous subcontractors. Each contractor is responsible for
the safe, environmentally sound maintenance and man-
agement of its facilities and operations, waste manage-
ment, and monitoring of operations and effluents for
environmental compliance.

The principal contractors include:
*  Westinghouse Hanford Company

+  Battelle Memorial Institute

»  Kaiser Engineers Hanford

¢ Hanford Environmental Health Foundation.

Non-DOE operations and activities include commercial
power production by the Washington Public Power
Supply System’s WNP-2 Reactor (near the 400 Area)
and commercial low-level radioactive waste burial at a
site leased and licensed by the state of Washington and
operated by U.S. Ecology (near the 200 Areas). Siemens
Nuclear Power Corporation operates a commercial
nuclear fuel fabrication facility, and Allied Technology
Group Corporation operates a low-level radioactive
waste decontamination, supercompaction, and packaging
disposal facility adjacent to the southern boundary of the
Hanford Site.

Compliance With
Environmental
Regulations

The DOE Order 5400.1, “General Environmental Protec-
tion Program,” describes the environmental standards and
regulations applicable at DOE facilities. These environ-
mental standards and regulations fall into three categor-
ies: 1) DOE directives, 2) federal legislation and executive
orders, and 3) state and local statutes, regulations, and
requirements. The following subsections summarize the
status of Hanford’s compliance with these applicable
regulations and list environmental occurrences for 1992.

A key element in Hanford’s compliance program is the
Hanford Federal Facility Agreement and Consent Order
(Tri-Party Agreement). The Tri-Party Agreement is an
agreement among the U.S. Environmental Protection
Agency (EPA), Washington State Department of Ecol-
ogy (Ecology), and DOE for achieving the compliance
with the remedial action provisions of the Comprehen-
sive Environmental Response, Compensation, and Lia-
bility Act (CERCLA) [including Superfund Amendments
and Reauthorization Act (SARA)] and with treatment,
storage, and disposal unit regulation and corrective
action provisions of RCRA.

Compliance Status

This section summarizes the activities conducted to
ensure that the Hanford Site is in compliance with
environmental protection regulations.
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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 government. The SARA
broadened CERCLA and established provisions for
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 manner that requires further evaluation
to determine impact to the environment.

The DOE is actively pursuing the remedial investigation/
feasibility study (RI/FS) process at some operable units
on the Hanford Site. The selection of the operable units
currently under investigation is a result of Tri-Party
Agreement negotiations. All milestones related to the
RI/FS process established for 1992 were achieved, and
the Hanford Site was in compliance with these CERCLA/
SARA requirements. This takes into consideration
several milestones delayed through the change request
process.

Emergency Planning and Community
Right-To-Know Act

The Emergency Planning and Community Right-To-
Know Act provides the public with information about
hazardous chemicals in the community and establishes
emergency planning and notification procedures to pro-
tect the public from a release. Subtitle A of the law calls
for creation of state emergency response commissions to
guide planning for chemical emergencies. State com-
missions have also created local emergency planning
committees to ensure community participation and
planning.

To provide the public with the basis for emergency plan-
ning, Subtitle B of the Act contains requirements for
periodic reporting on hazardous chemicals stored and/or
used near the community. The 1992 Hanford Tier Two
Emergency and Hazardous Chemical Inventory (DOE
1993a) was issued to the State Emergency Response
Commission, local county emergency management
committees, and local fire department. The report con-
tained information on hazardous materials in storage

Summary

across the Hanford Site. The 1991 Hanford Toxic
Chemical Release Inventory (DOE 1992i) was issued
July 1, 1992, to the EPA and the state. This report con-
tains information on releases to the environment of chemi-
cals that were used in excess of mandated thresholds.
Accordingly, during 1992, the Hanford Site was in com-
pliance with the reporting and notification requirements
contained in this Act.

Resource Conservation and
Recovery Act

The RCRA establishes regulatory standards for the
generation, transportation, storage, treatment, and dis-
posal of hazardous waste. Ecology has been authorized
by the EPA to implement its dangerous waste program in
lieu of the EPA for Washington State, except for some
provisions of the Hazardous and Solid Waste Amend-
ments of 1984. Ecology also implements the state’s
regulations, which are often more stringent.

At the Hanford Site, approximately 63 treatment, stor-
age, and disposal units have been identified that must be
permitted or closed in accordance with RCRA and
Washington State regulations. These units are required
to operate under Ecology’s interim-status compliance
requirements. Approximately one-half of the units will
be closed.

The Tri-Party Agreement provides the framework for
meeting RCRA requirements. Of the 100 milestones
scheduled for 1992, 96 were completed, although some
were delayed as approved through the change request
process. At the end of 1992, 234 Tri-Party Agreement
milestones had been completed on or ahead of schedule
over the previous 3 years.

During 1992, Ecology issued six noncompliance letters
to RL for Hanford contractors for alleged violations on
waste management requirements.

A Part B permit application for the Hanford Site was
issued for public comment in January 1992. Comments
were received from Ecology. Responses to these com-
ments were submitted to DOE-Headquarters (HQ) for
final review. No comments have been received from
HQ. Twenty-six ground-water monitoring wells were
constructed at seven RCRA treatment, storage, and dis-
posal facilities in 1992. This satisfied Tri-Party Agree-
ment milestone M-24-00.
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Subtitle I of RCRA deals with regulation of underground
storage tank systems. These regulations were added to
RCRA by the Hazardous and Solid Waste Amendments
of 1984. The EPA has developed regulations implement-
ing technical standards for tank performance and man-
agement, including standards governing the cleanup and
closure of leaking tanks. These regulations do not apply
to the single- and double-shell nuclear waste tanks,
which are regulated as treatment, storage, and disposal
facilities.

Clean Air Act

The purpose of the Clean Air Act is to 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, Washington State
Department of Health (DOH), and local air authorities.

The Hanford Site is operated under a Prevention of Sig-
nificant Deterioration permit (No. PSD-X80-14) issued
by the EPA in 1980. The permit sets specific limits for
emissions of nitrogen oxides from the PUREX and Uran-
ium Trioxide (UQO,) Plants.

The DOH, Division of Radiation Protection, Air Emis-
sions and Defense Waste Section, has developed regul-
atory controls for radioactive air emissions under Section
116 of the Clean Air Act. Washington State regulations
[Washington Administration Code (WAC) 246-247)]
require registration of all radioactive air emission point
sources with the DOH. All significant Hanford Site
stacks emitting radiation have been registered in accor-
dance with applicable regulations.

Revised Clean Air Act requirements for radioactive air
emissions were issued December 15, 1989, under National
Emission Standards for Hazardous Air Pollutants
(NESHAP), 40 Code of Federal Regulations (CFR) 61,
Subpart H. Emissions from the Hanford Site are well
within the new EPA offsite emissions standard of

10 millirem/year [effective dose equivalent (see
Appendix B, “Glossary”)]. However, Hanford Site
sources do not yet meet the new procedural requirements
for flow measurement, emissions measurement, quality
assurance, and sampling documentation. The Pacific
Northwest Laboratory completed three emission-point-
sampler upgrades to comply with sampling and flow rate
measurement requirements of the Clean Air Act.

The EPA issued a compliance order and information
request to RL on the basis of noncompliance with the
NESHAP. The compliance order requires RL to comply
with NESHAP Subpart H in the following manner:

1. evaluate all radionuclide emission points on the
Hanford Site

2. measure continuous emissions where applicable.

A plan to describe to the EPA how RL will comply is
being written. It will be submitted to EPA by April 30,
1993.

Pursuant to the NESHAP program, EPA has developed
regulations specifically addressing asbestos emissions
(40 CFR 61, Subpart M). These regulations apply at the
Hanford Site in building demolition/disposal and waste
disposal operations. During 1992, 998 cubic meters
(1,305 cubic yards) of asbestos were removed.

The local air authority, the Tri-Counties Air Pollution
Control Authority, enforces General Regulation 80-7.
This regulation pertains to detrimental effects, fugitive
dust, incineration products, odor, opacity, asbestos, and
sulfur oxide emissions. The Authority has also been
delegated responsibility to enforce the EPA asbestos
regulations under NESHAP. The Site remains in com-
pliance with the regulations.

Hanford Site contractors prepared Facility Effluent
Monitoring Plans (FEMPs) in 1991 specific to various
facilities across the Site. The FEMPs include sections
that outline compliance with 40 CFR 61 (ambient air
emissions). A summary of each FEMP has been incor-
porated into a Sitewide environmental monitoring plan
covering effluent monitoring and environmental surveil-
lance. The Westinghouse Hanford Company FEMPs
were revised in 1992.

Clean Water Act

The Clean Water Act applies to all discharges to waters
of the United States. At the Hanford Site, the regulations
are applied through a National Pollutant Discharge Elim-
ination System (NPDES) permit governing effluent dis-
charges 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 two reportable conditions in 1992. Problems
were experienced in measuring the total suspended solids
at outfall 003 in the 100-K Area. A plan to dispose of
the effluent to an alternative site is being evaluated.

The quarterly limit for iron was exceeded in the N Springs
outfall. The exceedance was caused by a buildup of iron
in a ground-water monitoring well. The well had not been
purged since the previous sampling, allowing the buildup.
Purge water released to the outfall exceeded the limit for
iron. The well was repurged and resampled. No limits
were exceeded after repurging.

Safe Drinking Water Act

The National Primary Drinking Water Regulations of the
Safe Drinking Water Act apply to the drinking water sup-
plies at the Hanford Site. These regulations are enforced
by the DOH under WAC 246-290. During 1992, all
Hanford Site water systems were in compliance with the
requirements of the applicable regulations.

Toxic Substances Control Act

The application of Toxic Substances Control Act require-
ments to the Hanford Site essentially involves regulation
of the chemicals called polychlorinated biphenyls (PCBs).
The Hanford Site is currently in compliance with regula-
tions for nonradioactive PCBs. All radioactive PCB
wastes are being stored with EPA approval, pending
development of treatment and disposal technologies and
capabilities.

Federal Insecticide, Fungicide, and
Rodenticide Act

The EPA is responsible for ensuring that a chemical,
when used according to label instructions, will not pre-
sent unreasonable risks to human health or the environ-
ment. This Act and the Revised Code of Washington
(RCW) 17.21, “Washington Pesticide Application Act,”
as implemented by WAC 16-228, “General Pesticides
Regulations,” apply to storage and use of pesticides. The
Hanford Site is in compliance with the Act’s requirements
and WAC 16-228 regulations pertaining to storage and
application of pesticides.

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

Summary

threatened (federally listed). Others are listed by the
Washington State Department of Wildlife as endangered,
threatened, or sensitive species. The Site monitoring pro-

“gram is discussed in Section 4.2, “Wildlife.” Hanford

Site activities complied with the Endangered Species Act
in 1992.

National Historic Preservation Act and
Archaeological Resources Protection Act

Cultural resources on the Hanford Site are subject to the
provisions of the National Historic Preservation Act and
the Archaeological Resources Protection Act. Compli-
ance with these Acts is accomplished through a monitor-
ing program, which is described in Section 4.3, “Other
Environmental Studies and Programs.” In 1992, Hanford
Site operations complied with these Acts.

National Environmental Policy Act

The National Environmental Policy Act (NEPA) estab-
lishes environmental policy to prevent or eliminate dam-
age to the environment and to enrich our understanding
of ecological systems and natural resources. The NEPA
requires 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 environmental assessments are also
prepared in accordance 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 afinal environmental impact statement as an
addendum on the decommissioning of eight
surplus production reactors at the Hanford Site

»  Programmatic Environmental Impact Statement
for the Office of Environmental Restoration and
Waste Management Program

*  Draft Weapons Complex Modernization
Programmatic EIS.

NEPA assessments also included information on
floodplain management and protection of wetlands.

Environmental Occurrences

Onsite and offsite environmental occurrences (spills,
leaks, etc.) of radioactive and nonradioactive effluent
materials during 1992 were reported to DOE as specified
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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 descrip-
tions and corrective actions, are available for review in
the RL Public Reading Room, Richland, Washington.
There were no emergency occurrences reported in 1992.
There were 1,531 off-normal environmental occurrence
reports filed at the Hanford Site during 1992, covering
everything from leaks from overheated motor vehicle
cooling systems to leaking waste oil drums. Because of
the volume of reported off-normal occurrences, event
summaries are not included here.

The 1992 unusual occurrences with the most potential
for environmental impact and their occurrence numbers
are:

* Release of Contaminated Water to the Ground
(RL-KEH-1992-0061)

¢ Lithium Release (RL-WHC-300EM-1992-0044)

*  Waste Tank Leak (RL-WHC-TANKFARM-
1992-0073)

»  Discharge to the Columbia River (RL-WHC-
NREACTOR-1992-0061)

»  Oil Spill (RL-WHC-600EM-1992-0011)

» Radiation Leak (RL-WHC-TANKFARM-
1992-0074)

*  Waste Oil Contaminated with Lead (RL-WHC-
TPLANT-1992-0018).

Environmental Programs

Environmental programs were conducted at the Hanford
Site to restore environmental quality, manage waste,
develop appropriate technology for cleanup activities,
and study the environment. These programs are dis-
cussed below.

Wildlife inhabiting the Hanford Site is monitored to deter-
mine the status and condition of the populations, and to
assess effects of Hanford Site operations. Particular
attention is paid to species that are rare, threatened, or
endangered nationally or statewide and those species that
are of commercial, recreational, or aesthetic importance

statewide or locally. These species include the bald
eagle, chinook salmon, Canada goose, several species of
hawk, Rocky Mountain elk, mule deer, white pelican,
and other bird species. '

Fluctuations in wildlife and plant species on the Hanford
Site appear to be a result of natural ecological factors and
management of the Columbia River system. The estab-
lishment and management of the Hanford Site has had a
net positive effect on wildlife relative to probable alter-
native uses of the Site.

The Hanford Cultural Resources Laboratory was estab-
lished by RL in 1987 as part of the Pacific Northwest
Laboratory. Cultural resources on the Hanford Site are
closely monitored, and projects are relocated in cases
where there is a possibility of altering any significant
historical sites.

It appears that erosive processes are the most significant
factors affecting most of the sites. Wind erosion from
off-road-vehicle use plays a big part in the deterioration
of sites inside and outside of the security perimeter.

Technical work done in 1992 on the Hanford Environ-
mental Dose Reconstruction Project (HEDR) consisted
of restructuring models to enhance their capabilities,
developing detailed estimates of releases of radioactive
materials, and evaluating additional information needed
to produce estimates.

The community-operated environmental surveillance
program was initiated in 1990 to increase the public’s
involvement in and awareness of Hanford’s surveillance
program. Three surveillance stations continued opera-
tion in 1992.

An education outreach program established with the
Yakima Indian Nation in 1991 was continued in 1992.
This program provided an opportunity for a student to
study Columbia River water quality and fish health and
environmental monitoring activities conducted at
Hanford.

Environmental Monitoring
Information

Environmental monitoring of the Hanford Site consists
of 1) effluent monitoring and 2) environmental surveil-
lance including ground-water monitoring. Effluent




monitoring is performed as appropriate by the Site facil-
ity operators at the facility or at the point of release to the
environment. Additional monitoring is conducted in the
environment near facilities that discharge or have dis-
charged effluents. Environmental surveillance consists-,
of sampling and analyzing environmental media on and
off the Hanford Site to detect and quantify potential
contaminants, and to assess their environmental and ’
human health significance. ¢

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

The following sections discuss the doses calculated from
environmental data, and effluent monitoring and envi-
ronmenntal surveillance on or near the Hanford Site in
1992.

Potential Radiation Doses from
1992 Hanford Operations

In 1992, potential public doses resulting from exposure
to Hanford liquid and gaseous effluents were evaluated
to determine compliance with pertinent regulations and
limits. These doses were calculated from reported efflu-
ent releases and environmental surveillance data using
Version 1.485 of the GENII code (Napier et al. 1988a,
1988b, 1988c¢) and Hanford Site-specific parameters.
Specific information on sample collection and analyses
and the sample results used in these calculations are
briefly discussed in the summary sections discussing
effluent monitoring and environmental surveillance.

The potential dose to the hypothetical maximally exposed
individual (MEI) in 1992 from Hanford operations was
0.02 mrem (2 x 10* mSv), the same as calculated for 1991.
The potential dose to the local population of 380,000 per-
sons from 1992 operations was 0.8 person-rem (0.008 per-
son-Sv), compared to 0.9 person-rem (0.009 person-Sv)
reported for 1991. The 1992 average dose to the popula-
tion was 0.002 mrem (2 x 10° mSv) per person. The cur-
rent DOE radiation limit for an individual member of the
public is 100 mrem/yr (1 mSv/yr), and the national average
dose from natural sources is 300 mrem/yr (3 mSv/yr).
The MEI potentially received 0.02% of the DOE dose
Jimit and 0.007% of the national average background
dose from natural sources. The average individual
potentially received 0.002% of the standard and 0.0007%
of the 300 mrem/yr received from typical natural sources.

Summary

Special exposure scenarios not included in the above
dose estimates include the potential consumption of
game residing on the Hanford Site and exposure to
radiation at the publicly accessible location with the
maximum exposure rate. Doses from these sources
would also have been small compared to the dose limit.

Dose through the air pathways was 0.04% of the EPA
limit (40 CFR 61).

In addition to the doses estimated from monitored stack
releases, the potential radiation dose to the MEI from
diffuse and unmonitored sources was estimated using
1992 data to be about 0.09 mrem/yr (9 x 10 mSv/yr).

Effluent Monitoring

Effluent monitoring includes facility effluent monitoring
(monitoring effluents at the point of release to the envi-
ronment) and near-facility environmental monitoring
(monitoring the environment near operating facilities).

Facility Effluent Monitoring

Liquid and gaseous effluents, which may contain radio-
active and hazardous constituents, are continually moni-
tored at the Hanford Site. Facility operators monitor
effluents mainly through analyzing samples collected
near points of release into the environment. Effluent
monitoring data are evaluated to determine their degree
of compliance with applicable federal, state, and local
regulations and permits.

Measuring devices are used to quantify most facility efflu-
ent flows, with a smaller number of flows calculated using
process information. Liquid and gaseous effluents with a
potential to contain radioactivity at prescribed threshold
levels are monitored for total alpha and total beta activity
and, as warranted, specific alpha-, beta-, and gamma-
emitting radionuclides. Other hazardous constituents are
also monitored, as applicable.

Radioactive effluents from many facilities on the Site are
approaching levels practically indistinguishable from the
contributions of natural background radioactivity. The
new Site mission of environmental restoration rather than
nuclear materials production is largely responsible for
this trend, which translates to a very small offsite radia-
tion dose effect attributable to Site activities. Consistent
with these conditions of diminishing releases, totals of
radionuclides in effluents released at the Site in 1992 are
not significantly different from totals in 1991.
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Near-Facility Environmental Monitoring

The near-facility environmental monitoring program pro-
vides environmental monitoring to protect the environ-
ment adjacent to facilities and ensure compliance with
internal WHC requirements and local, state, and federal
environmental regulations.

Specifically, the near-facility environmental monitoring
program monitored new and existing sites, processes,
and facilities for potential impacts and releases; fugitive
emissions and diffuse sources from contaminated areas;
and surplus facilities before decontaminating or decom-
missioning. External radiation dose, ambient air particu-
lates, soil, surface water, sediment, and biota were sam-
pled. Parameters included, as appropriate, radionuclides,
radiation exposure, hazardous constituents, pH, and
water temperature.

The analytical results showed a large degree of variance;
in general, the samples collected from media located on
or directly adjacent to the waste disposal and other nuclear
facilities had significantly higher concentrations than
those farther away. As expected, certain radionuclides
were found in higher concentrations within different opera-
tional areas. Generally speaking, the predominate radionu-
clides were activation products/gamma emitters in the
100 Areas, fission products in the 200/600 Areas, and
uranium in the 300 Area.

Air Monitoring. Radioactivity in air was sampled by a
network of continuously operated samplers at 40 locations
near facilities: 4 located in the 100-N Area, 33 in the
200/600 Areas, and 3 background stations collocated
with the Pacific Northwest Laboratory (PNL) and the DOH
at the Yakima and Wye Barricades and the old Hanford
townsite. Air samplers were primarily located at or near
(=500 meters or 1,500 feet) sites and/or facilities having
the potential or history for release, with an emphasis on
the prevailing downwind directions. Of the radionuclide
analyses performed, *Sr,'¥’Cs, #*2*Py, and uranium were
consistently detectable in the 200 Areas; **Co was detect-
able in the 100-N Area. Air concentrations for these radio-
nuclides were elevated near facilities when compared to
the concentrations measured offsite by PNL.

Monitoring of Surface-Water Disposal Units and
Seeps. Sampling of surface-water disposal units
included water, sediment, and aquatic vegetation. Sam-
ples taken at river shoreline seeps included water only.
Radiological analysis of liquid samples from surface-
water disposal units included total alpha, total beta, *H,

239.240py, and gamma-emitting radionuclides. Radiologi-

cal analysis of sediment and aquatic vegetation included
9Sr, #20Py, yranium, and gamma-emitting radionuclides.
Nonradiological analysis performed included pH, tempera-
ture, and nitrates.

Radionuclide concentrations in surface-water disposal
units were below the applicable Derived Concentration
Guides (DCGs) and in most cases at or below the analyti-
cal detection limit. Although some elevated levels were
seen in both aquatic vegetation and sediment, in all cases
the radiological analytical results were well below the
standards for radiological control. The results for pH
were well within the pH of 2.0 and 12.5 standard for
liquid effluent discharges. The analytical resuits for
nitrates were all below the 45-mg/L Drinking Water
Standard (DWS).

Ground-water seeps along the 100-N Area shoreline are
sampled to verify reported radionuclide releases to the
Columbia River from past operations of the N Reactor.
Release reporting utilizes conservatively based radionu-
clide concentrations, multiplied by the estimated ground-
water flow into the river. By characterizing the radionu-
clide concentrations in the seeps along the shoreline, the
results can be compared to the concentrations measured
in the effluent monitoring well 199-N-8T.

In 1992, the concentrations detected in the seep samples
were highest in those seeps nearest well 199-N-8T,
although the seep concentrations were considerably
lower than those measured in the well.

Radiological Surveys. There were approximately
1,215 hectares (3,000 acres) of outdoor posted surface
contamination and 405 hectares (1,000 acres) of posted
underground radioactive material Sitewide in 1992.
These areas were typically associated with cribs, burial
grounds, tank farms, and covered ponds, trenches, and
ditches. The number of posted surface contamination
areas varied because of an ongoing effort to clean, sta-
bilize, and remediate areas of known contamination
while new areas of contamination were being identified.
New areas may have been identified because of contami-
nation migration or the increased effort being made to
investigate outdoor areas for radiological contamination.
It was estimated that the dose rate for 80% of the iden-
tified outdoor surface contamination areas was less than
1 millirem/hour, although isolated specks could be con-
siderably higher. Contamination levels of this type would
not significantly add to dose rate calculations for the pub-
lic or Site employees.

Xii



Soil and Vegetation Monitoring. Soil and vegeta-
tion samples were also collected on or adjacent to waste
disposal units and from locations downwind and within
the operating environment of facilities. Special samples
were taken where physical or biological transport problems
were identified. Soil and vegetation sample concentrations
for some radionuclides were elevated near facilities when
compared to the concentrations measured offsite. The con-
centrations show a large degree of variance; in general,
samples collected on or directly adjacent to waste disposal
facilities had significantly higher concentrations than
those farther away.

External Radiation. External radiation fields were
measured near operating facilities and waste-handling,
storage, and disposal sites to measure, assess, and control
the impacts of operations.

Hand-held uR meters were used in the 100-N Area to
survey points near and within the N Springs area, 1301-
N Liquid Waste Disposal Facility (LWDF), and 1325-N
LWDF. The radiation rates measured in the N Springs
area continued to decline in 1992, reflecting decreased
discharges to the 1301-N LWDF and the continuing
decay of its radionuclide inventory. Radiation measure-
ments taken at the 1325-N LWDF in 1992 and in the
previous year were slightly elevated. Decreased dis-
charges to the facility resulted in the loss of the water
that normally provided shielding for the gamma-emitting
radionuclides in sediments of the LWDF.

Radiation levels measured with thermoluminescent
dosimeters (TLDs) were highest near facilities that had
contained or received liquid effluent from N Reactor,
primarily the 1325-N LWDF and the 1301-N LWDF.
Exposure rates for 1992 for these two facilities decreased
approximately 5% compared to 1991.

The highest dose rates measured in the 200/600 Areas
were near waste-handling facilities such as tank farms.
The average dose rate measured in 1992 by TLDs in the
200/600 Areas was 130 millirem/year, which was 8%
above the average dose rate of 120 millirem/year
measured in 1991.

The highest dose rates measured in the 300/400 Area
were near waste-handling facilities such as the 340 Waste
Handling Facility. The average dose rate measured in
1992 by TLDs in the 300/400 Areas was 130 millirem/
year, which was 13% below the average dose rate of
150 millirem/year measured in 1991.

Summary

Environmental Surveillance

Environmental surveillance at the Hanford Site includes
sampling environmental media on and off the Site for
potential chemical and radiological contaminants origi-
nating from Site operations. The media sampled included
air, surface water, soil and vegetation, wildlife, food and
farm products, external radiation levels, and ground water.

Air Surveillance

Transport of atmospheric releases of radioactive and non-
radioactive materials from the Hanford Site to the sur-
rounding region represents a direct pathway for human
exposure. Radioactive materials in air were sampled
continuously at 42 locations onsite, at the Site perimeter,
and in nearby and distant communities. Samples were
also collected at three community-operated environmental
surveillance stations that were managed and operated by
local school teachers. Air sampling was discontinued at
several locations in 1992 to reflect the substantial decrease
in Hanford Site air emissions following the 1990 reduc-
tion in operations at the PUREX Plant. Particulates were
filtered from the air at all locations and analyzed for
radionuclides. Air was sampled and analyzed for selected
gaseous radionuclides at key locations. Several radionu-
clides released at the Hanford Site are also found world-
wide from two other sources: naturally occurring radio-
nuclides and radioactive fallout from nuclear activities
worldwide. The potential influence of emissions from
Site activities on local radionuclide concentrations was
evaluated by comparing differences between concentra-
tions measured at distant locations within the region and
concentrations measured at the Site perimeter.

For 1992, no differences were observed between the
average total alpha and total beta air concentrations
measured at the Site perimeter and at nearby and distant
community locations. This indicates that the observed
concentrations were predominantly influenced from
natural sources and worldwide fallout. Numerous spe-
cific radionuclides in quarterly composite samples were
analyzed using gamma scan analysis; however, no radio-
nuclides of Hanford origin were detected consistently.
Air concentrations for Sr and >*Pu for samples collected
at offsite locations were below detection limits. Average
uranium and 2**%Pu concentrations in airborne particulate
matter were similar at the Site perimeter and distant loca-
tions. Todine-129 and *H were the only radionuclides
that showed elevated average concentrations at the Site
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perimeter relative to the distant locations. Tritium samples
collected from January to May 1992 may have been
contaminated during the analytical process because most
locations including the distant communities reported
unusually high concentrations. From June to December
1992 the average sample results for *H returned to
normal concentrations with little difference between the
distant locations and the Site perimeter. Average '*I
concentrations at the Site perimeter were higher than the
mean concentration reported for the distant locations;
however, the average concentration at the Site perimeter
was only 0.000002% of the DCG of 70 picocuries/cubic
meter. The DCG is the concentration that would result in
a radiation dose equal to the DOE public dose limit

(100 millirem/year).

Air samples were collected at three Hanford Site loca-
tions for volatile organic compounds and PCBs. All
measured air concentrations of these organic compounds
were well below applicable maximum allowable concen-
tration standards for air contaminants.

Surface-Water Surveillance

The Columbia River was one of the primary environmental
exposure pathways to the public during 1992 as a result
of operations at the Hanford Site. Radiological and chemi-
cal contaminants entered the river along the Hanford
Reach as direct effluent discharges and through the seep-
age of contaminated ground water. Water samples were
collected from the river at various locations throughout
the year to determine compliance with applicable
standards.

Although radionuclides associated with Hanford opera-
tions continued to be routinely identified in Columbia
River water during the year, concentrations remained
extremely low at all locations and were well below appli-
cable standards. The concentrations of *H, '*I, and uran-
ium were higher at the Richland Pumphouse (downstream
from the Site) than at Priest Rapids Dam (upstream from
the Site). Differences in concentrations measured at the
two locations were statistically significant (5% signifi-
cance level), indicating a contribution along the Hanford
Reach. Chemical water quality constituents measured in
Columbia River water during 1992 were generally
similar upstream and downstream and in compliance
with applicable standards.

During 1992 samples were collected from three Columbia
River shoreline springs, contaminated as a result of past
waste disposal practices at the Hanford Site. Contaminant

concentrations in the springs were similar to those found
in the ground water. Radionuclide concentrations were
generally less than the DOE DCGs. However, *Sr in

N Springs water was greater than the DCG as well as the
DWS. Tritium, while less than the DCG, was greater
than the DWS at the old Hanford townsite springs.

Samples of Columbia River surface sediments were col-
lected from behind McNary Dam (downstream from the
Site) and Priest Rapids Dam and from four shoreline
locations along the Hanford Reach of the Columbia River
during 1992. As in the past, radionuclide concentrations
in sediments behind McNary Dam were generally slightly
higher than those observed in sediments collected from
behind Priest Rapids Dam and along the Site.

Three onsite ponds were sampled to determine radionu-
clide concentrations. These ponds are accessible to
migratory waterfow] and other animals. As a result, a
potential biological pathway exists for the removal and
dispersal of contaminants that may be in the ponds.
Concentrations of radionuclides in water collected from
these ponds during 1992 were similar to those observed
during past years. In all cases, radionuclide concentra-
tions in the onsite pond water were below applicable
DOE DCGs.

Offsite water, used for irrigation and/or drinking water,
was sampled to determine radionuclide concentrations in
water used by the nearby public. Elevated total alpha
and total beta concentrations, attributed to naturally
occurring uranium, were observed at some locations.
Average radionuclide concentrations in offsite water
during 1992 were within applicable DWSs.

Soil and Vegetation Surveillance

In 1992, three soil samples were collected from the
100-N Area and six others were collected offsite. Most
of the offsite sampling was conducted at the Site’s
downwind perimeter; other samples were collected at
relatively upwind and distant locations (Yakima and
Sunnyside) to establish background concentrations.
Radionuclides consistently detected were “°K, *Sr, '¥’Cs,
238U’ and 239’2401311. .

The analytical results were used to make two compari-
sons. The first comparison, between the onsite and the
combined offsite samples, did not indicate a difference in
2Sr, 13'Cs, or #**°Py concentrations. However, 28U was
identified in higher concentrations onsite. The second
comparison was between the perimeter and distant
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upwind locations. No significant differences in concen-
trations were found, indicating no measurable effects
from Hanford operations.

In 1992, one onsite and six offsite vegetation samples
were collected. Vegetation was sampled using the same
rationale as soil sampling. Strontium-90 was identified
in five out of seven samples. The sample collected from
the Yakima area (upwind of Hanford) was identified as
containing very low levels of 2*U. Also ¥’Cs and
239240y were found in the Sagemoor sample (downwind
from Hanford) at very low concentrations. No radionu-
clide accumulation could be detected from the vegetation
samples taken.

Wildlife Surveillance

The Hanford Site contains large tracts of undeveloped
land that serve as a refuge for many species of wildlife.
The Columbia River, which borders the Site, also pro-
vides habitat for wildlife and fish that are of economic
and recreational importance to the area. Terrestrial wild-
life like deer, rabbits, and upland gamebirds have access
to parts of the Site that contain low levels of radionuclides
attributable to current and past Site operations. Wildlife
are monitored for radionuclides as indicators of possible
exposure to the Site surface contamination. Similarly,
Columbia River fish are monitored to detect any radioac-
tivity that may arise from Site activities as well as to help
estimate the dose to those who may consume these fish.

Analysis of wildlife for radioactivity indicated that some
species had accumulated levels of radioactivity greater
than background levels. Background samples collected
for a number of species over the past 3 years are sum-
marized in this year’s report. Strontium-90 was detected
in deer and rabbit bone as well as Columbia River fish
carcasses at levels exceeding concentrations reported in
background locations. Ducks collected in August from
B Pond, a low-level waste pond located near the 200-
East Area, had significantly higher concentrations of
137Cs than ducks collected in November after migrating
ducks had arrived. Cesium-137 was also detected at
higher concentrations in the muscle of deer collected
from a background location in Stevens County, north of
Spokane, than has been observed in Hanford Site popula-
tions of mule deer. The levels of *’Cs in the deer from
Stevens County was attributed to past atmospheric fall-
out from weapons testing. Collectively, the observations
of radioactivity in Hanford fish and wildlife indicate

Summary

accumulation of small amounts of specific radionuclides
originating from the Hanford Site.

The radionuclide concentrations measured in fish and
wildlife were used to estimate potential doses to sports-
men who may consume Hanford Site game. The resuit-
ing doses were much less than applicable guidelines
developed to protect the public.

Food and Farm Product Surveillance

The Hanford Site is situated in a large agricultural area
that produces a wide variety of food products and alfalfa.
Milk, eggs, poultry, beef, vegetables, fruit, wheat, alfalfa,
and wine were collected from areas generally downwind
from the Site and upwind and distant locations. The
principal downwind locations include Wahluke,
Sagemoor, and Riverview. Alfalfa and farm products
were analyzed for *H, ®Co, *Sr, *Tc, 1, T, ¥'Cs, #*U,
257J, 238, 2Py, and 239240py;

Most of the farm products sampled did not contain mea-
surable concentrations of radionuclides. Tritium was
measured at levels very close to the detection level, and
there was no apparent upwind or downwind effect noted.
Todine-129 was found at slightly elevated levels in down-
wind milk samples, but the levels were very low and have
been decreasing over the past 5 years. About 0.2% of the
0.02 mrem MEI annual dose results from '*I in milk.

A special study also investigated the apparent elevation
of %Sy in alfalfa irrigated with Columbia River water
downstream from the Hanford Site compared to alfalfa,
irrigated with other sources of water. The study showed
that levels of °Sr in the downstream study group
exceeded concentrations in the other group. There was
no monitored difference in *°Sr in Columbia River water
upstream and downstream of the Site. The findings are
inconclusive; however, the levels of *Sr in the alfalfa do
not constitute a significant dose to farm animals or
humans. Overall, the potential offsite dose to consumers
of farm products grown near the Hanford Site in 1992 is
a very small fraction of the public dose guideline of

100 millirem/year for exposure to environmental
radioactivity.

External Radiation Surveillance

In 1992, radiological dose rates were measured at a
number of locations on and off the Hanford Site using
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TLDs. Contributors to the radiological doses measured
include natural (uranium and its progeny in soil and other
primordial radionuclides) and artificial sources. Onsite
dose rates, as a whole, appear to be decreasing, while
offsite dose rates appear to have increased slightly.

The average background radiological dose rate, calcu-
lated from TLDs at Yakima and Sunnyside (distant and
upwind locations relative to the Hanford Site), was

93 millirem/year+6% as compared to the average of
102 millirem/year+6% measured at the downwind
perimeter of the Site. These are increases of 6% and 2%,
respectively, over last year’s measured dose rates. Dose
rates at the Columbia River shoreline around the 100-N
Area were approximately two times higher than typical
shoreline dose rates. This area of higher dose rates may
be attributable to skyshine from the 100-N Area liquid
waste disposal facilities (Brown and Perkins 1991).
Onsite dose rates measured near operational areas were
higher than the average background dose rate.

Various road and railroad contamination surveys were
performed during 1992. No contamination on roads or
railroads was found.

Ground-Water Protection and Monitoring

Radiological and chemical constituents in ground water
were monitored during 1992 throughout the Hanford Site
in support of the overall objectives described in

Section 5.0. Monitoring activities were conducted to
identify and quantify existing, emerging, or potential
ground-water quality problems; assess the potential for
contaminants to migrate off the Hanford Site; and pre-
pare an integrated assessment of the condition of ground
water on the Site. To comply with RCRA, additional
monitoring was conducted to assess the impact that
specific facilities have had on ground-water quality.
During 1992, 720 Hanford Site wells were sampled to
satisfy ground-water monitoring needs. As discussed in
Sec-tion 5.3, four additional wells located across the
Columbia River and east of the Site were sampled to
determine whether Hanford operations had affected
water quality offsite.

Analytical results for samples were compared with
EPA’s DWS (Tables C.2 and C.3, Appendix C) and
DOE’s DCG (Table C.6, Appendix C). Ground water
beneath the Hanford Site is used for drinking at five
locations. Only the drinking water in the 400 Area at the
FFTF Visitors Center is available for public consump-
tion; this source is discussed in Section 5.8. 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 total alpha,
total beta, *H, *Co, *Sr, ®Tc, 'I, '*'Cs, and uranium
concentrations in wells in or near operating areas were at
levels greater than the DWS. Concentrations of uranium
in the 200-West Area were greater than the DCG. Con-
centrations of *H in the 200 Areas and *Sr in the 100-N
and 200-East Areas were also greater than the DCG.
Tritium continued to move slowly with the general
ground-water flow and discharge to the Columbia River.

Certain chemicals regulated by the EPA and the State of
Washington were also present in Hanford Site ground
water near operational areas. Nitrate concentrations
exceeded the DWS at isolated locations in the 100, 200,
and 300 Areas and in several 600 Area locations. Chrom-
ium concentrations were greater than the DWS at the
100-D, 100-H, and 100-K Areas, and in the surrounding
areas. Chromium concentrations greater than 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.
Trichloroethylene was found at levels exceeding the DWS
at wells in and near the 100-F, 100-K, 200-West, and 300
Areas. Tetrachloroethylene levels in wells near the Solid
Waste Landfill remain just greater than the DWS. Sam-
ples from monitoring wells near Richland water supply
wells showed that concentrations of regulated ground-
water constituents in this area were less than the DWS
and, in general, less than detection levels.

A comprehensive review of all ground-water monitoring
work on the Site is published annually. Before 1989,
these reports contained complete listings of all radio-
logical and chemical data collected during the reporting
periods. Currently, complete listings for ground-water
environmental surveillance data can be found in a com-
panion volume to this report to complement data listings
published by other programs.

Quality Assurance

Comprehensive quality assurance (QA) programs, which
include various quality control practices and methods to
verify data, are maintained to ensure data quality. The
QA programs are implemented through QA plans
designed to meet requirements in the American National
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Standards Institute/American Society of Mechanical
Engineers NQA-1 QA program document and DOE
Orders. Quality assurance plans are maintained for all
activities, and conformance is verified through auditors.
Quality control methods include but are not limited to
replicate sampling and analysis, analysis of blanks and
reference standards, participation in interlaboratory cross-
check studies, and splitting samples with other labora-
tories. Sample collection and laboratory analyses are

Summary

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 performance
on the EPA Laboratory Intercomparison Studies Program
and the national DOE Quality Assessment Program
indicated that laboratory performance was adequate
overall, was excellent in some areas, and needed
improvement in others.

Xvii






N

Report Contributors

The production of the Hanford Site Environmental
Report requires the knowledge, skills, experience, and
cooperation of many people and several organizations.
The contributions and cooperation, often under

demanding time constraints, of the following individuals
are gratefully acknowledged. The lead authors are listed
for the main sections. (The authors are from the Pacific
Northwest Laboratory unless otherwise indicated.)

Section Authors
1.0 Introduction R. K. Woodruff
1.1 Site Mission R. K. Woodruff;
J. M. Nickels, WHC
1.2 Introduction to the Hanford Site C. E. Cushing
1.3 Major Operations and Activities J. M. Nickels, WHC
2.0 Environmental Compliance Summary J. M. Nickels, WHC
2.1 Environmental Compliance and Cleanup J. M. Nickels, WHC
2.2 Compliance Status J. M. Nickels, WHC
2.3 Current Issues and Actions J. M. Nickels, WHC
2.4 Environmental Occurrences R. W. Hanf; J. M. Nickels, WHC
2.5 Compliance Status Update J. M. Nickels, WHC
3.0 Effluent Monitoring Information D. J. Rokkan, SAIC; L. P. Diediker, WHC
3.1 Facility Effluent Monitoring D. J. Rokkan, SAIC; L. P. Diediker, WHC
3.2 Near-Facility Environmental Monitoring J. W. Schmidt, WHC; A. R. Johnson, WHC;
S. M. McKinney, WHC; C. J. Perkins, WHC
3.3 Solid Waste Management and Chemical Inventories D. J. Rokkan, SAIC; L. P. Diediker, WHC
4.0 Environmental Program Information R. K. Woodruff
4.1 Climate and Meteorology D. J. Hoitink
4.2 Wildlife L. L. Cadwell
4.3 Other Environmental Studies and Programs W. T. Farris; R. W. Hanf;
M. K. Wright; R. K. Woodruff
5.0 Environmental Surveillance Information R. K. Woodruff
5.1 Environmental Surveillance at Hanford R. K. Woodruff
5.2 Air Surveillance G. W. Patton
5.3 Surface-Water Surveillance R. L. Dirkes
5.4 Food and Farm Product Surveillance T. M. Poston
5.5 Wildlife Surveillance T. M. Poston
5.6 Soil and Vegetation Surveillance E. J. Antonio
5.7 External Radiation Surveillance E. J. Antonio
5.8 Ground-Water Protection and Monitoring Program P. E. Dresel; R. W. Bryce; J. C. Evans
6.0 Potential Radiation Doses from 1992 Hanford Operations J. K. Soldat
7.0 Quality Assurance T. M. Poston; L. P. Diediker, WHC;
J. W. Schmidt, WHC

XiX






Acknowledgments

The Pacific Northwest Laboratory (PNL) programs
described in this report were managed by the Office
of Health and Environment under the direction of

R. E. Jaquish. Environmental samples were collected
for PNL by Radiation Protection Technologists

M. E. Almarode, G.L. Andersen, L.L. Belt,

L. W. Hankel, J. D. Harrison, J. A. Jahnke,

T.R. Lakey, J.J. Lopez, D. L. Mackliet, D. L. Merrill,
D. A. Mueller, and J.J. Reck. The environmental
monitoring supervisor is E. W. Lusty. Technical
assistance for sample collection was provided by
A.T. Cooper, B. L. Tiller, and T. L. VanArsdale.

The authors appreciate the reviews by M. W. Tiernan,

R. D. Hildebrand, and E. B. Dagan of the U.S. Depart-
ment of Energy, Richland Operations Office; J. J. Dorian
of Westinghouse Hanford Company; and E. B. Moore,
D. J. Bates, J. L. Devary, P. C. Hays, J. N. Holloway,
and M. J. Sula of the PNL.

Community-operated environmental surveillance stations
were managed by local teachers who were responsible
for collecting the samples and maintaining the stations.
The managers and alternate managers for each station
included:

Leslie Groves Park, Richland
C. A. Wagner, Manager
T. E. Gilmore, Alternate Manager

Basin City Elementary School, Basin City
C. L. Stevenson, Manager

Edwin Markham Elementary School,
North Franklin County

M. P. Madison, Manager

K. A. Darrington, Alternate Manager

The Westinghouse Hanford Company (WHC) programs
described in this report were managed by Regulatory
Support Department under the direction of G. W. Jackson.

Near-facility environmental samples were collected by
the Site Surveillance Health Physics group: H. A. Besel,
D. R. Borup, R. L. Bumgarner, L. Corgatelli,

R. M. Frederick, D. S. Gunnink, B. M. Markes,

R. G. Mikulecky, R. Olveda, K. S. Steffen, and

R. L. Watts.

Groups and organizations participating in the WHC
monitoring programs include Health Physics technicians
and supervisors, facility operators, cognizant facility
environmental engineers, Process Analytical Laboratories,
Ventilation Balance, and Field Maintenance. Individuals
in these organizations collected and analyzed samples,
maintained monitoring and sampling equipment, mea-
sured stack flow rates, ensured facility operations adhered
to environmental process controls, identified needed
monitoring upgrades, aided in the interpretation and
implementation of environmental regulations, and ensured
effluent data reported are accurate.

This report was produced on Macintosh using Aldus
Pagemaker. Valuable text processing support was
provided by R. M. Watt, N. L. Johnson, L. M. Andor,
H. C. Morgan, A. Jewell, D. J. Kennedy, K. K. Chase,
J. E. Gority, and R. M. Urbina. Publication assistance
was provided by M. K. DeSmet, C. L. Savard, and

S. K. Schultz. Graphics for the report were designed
by J. P. Noland, K. A. Corcoran, K. K. Kachele, and
L. G. Wattenburger (Boeing Computer Services,
Richland) and W. R. Gorst using Aldus Freehand and
DeltaPoint Inc. Delta Graph. Cover and dividers were
designed by H. M. Bullock (Boeing Computer Services,
Richland). '

XXi






Contents

Preface .......oovvecviiiiieniriin sttt et st e et il
TSUIMMIIATY ...ooovetitieieie ettt ettt isae s st st b e s b s e b b e R R b e R e b e as e b s e b s s bR s R AR e A e v
REPOIt CONEIEDULOLS ..ottt et s et Xix
ACKNOWIEAZIMENIES ........oiiiiietteiiiiiee ettt ettt e et s e st s b s e s s es e b e s a3 s sa e S SR e R et s s XXi
Helpful INFOrMAtiON .........ooovoiiiiiiiec et ettt xh
SCIENTITIC INOLALION ...veiviivvirieeeereeestieteeseeereeseeesestestaassesseaseeeseeneeseeeaeesheesaemsear e e s e ebeeatssassane st s e be st e eabaabeebsensessnas xli
IMIELTIC UTIIES «.oveiiiiiiieiiieeeereeee et e ebeetbe s b e e ssaaess e saessbaesanasseteas e e bt eatassanaeonn s sae e saneiRassh e s s r e e easeanseeebbesabeanreasnansns xli
RAGIOACHVILY UNILS 1.eveveveueeierieeceeectescieen et ces ettt s st a st b e s ssss bt e e b b et s er et xli
RAAiation DOSE UNILS ...ivvieiieriiciiciieeeeeeieerteeeesiee bt eeseesese st e seesaessresaaeesmsessssserassaransansaase e sssesasaaseessseansesane xli
Understanding the Data Tables .......co.ccocoiriiiiiiiri e e xliii
Understanding Graphical INfOrmation ...t xliv
Greater Than (>) or Less Than (<) SYMDOLS .....coreeiiiiiiiiiiiii i xlv
Elemental and Chemical Constituent NOMENCIAUTE .......c.covveerriiririiniiiniiiiiine ettt enes s xlvi
CONVELSION TADIE ...ttt ettt et e et e e e e e e et suee s o reesesae seseansbe s ae s beebs e s s ebe s besbs e aneenssansasnasbensanas xlvi
Acronyms and ADDIEVIALIONS ........covieiiiiiiiiiii ittt xlvii

1.0 IDEFOAUCHION ......ooeviiiiiiiiee it ee ettt sttt e e tese s s s et e be e s e b e s ba b e s a s e e e s e seasbe e b b e aab b e s b easn e sab e aabeannneaner s 1
BT SHEE IVLESSIOTL .oovviviiiiieti it ereetiee et et te e e et te et e sbeser s emeessesneseesmsiab ek s st eas b e s s en s e e a bbb e ereeas e s b e e snssabasra st e eneaebeens 3
1.2 Introduction to the Hanford Site ...t e 5
1.3 Major Operations and ACHIVIHIES ............ccccoiiiiiiiii e 7
WASTE MANAZEIMENT «...ceeviierereeeiereeueirecersuistts s iae e et ese et ets et et et et e b et e b e ssese s Eea s b s b et e bttt s s 7
Environmental RESIOTAION .....cv.i ieciieeereieisteeee st rtesereesveesseeens e sreseautesaressanesneessesebssesasesastaansnaseensaesmerena 10
COITECTIVE ACHVILIES .viiveiviirrerreetieriereeiveitessesieeneaseeeseesseeseteresartemeeseeessssasssaesaassresaaes b e ets e abebasasaes s e estansennsseneans 11
Research and Technology DevelOPIMENT ..........cooiciiiiiiiiiii e 11

SHt€ MANAZEIMEN .....coeeereienceeieirerictiii st se sttt st a s s e s s ea s b s sb e e e s e d e e s oS e Ea bt s b bt s bt 11

2.0 Environmental Compliance SUMIMATY ............c.cccoiiiiiniiiiie et 13
2.1 Environmental Compliance ANA ClEANUP ..ot 15
Regulatory OVELSIZNT ...c.c.covoiiiiiiii b 15

The Tri-Party AQIEEIMENT «..c.e.civevireeuinrererereemesreeraemsstitessererese st sss e s e ss b s s e e e s s b s s b e s b st sb ettt 15

The Role of Oregon State at the Hanford Site ... 16

The Role of Indian Nations at the Hanford Site ........cccvvvrerriiiiinieiiiiiieir et 16
PUDLC PATTICIPALION ..vovevevearerieirienentetieteteer s ettt b e s s se e st b e b e s s s s e bbbt 17

Xxiii



1992 Environmental Report

2.2 ComPplance STATUS ...........c.ocoiiiiioriireicet e et ettt st et st ebe sbe st et st ebb et eaten s eneasbeneas B

23

24

2.5

3.0

31

Comprehensive Ervironmental Response, Compensation, and Liability Act ......ccccooovvriiininiininiiiee
Emergency Planning and Community Right-To-Know ACt ........ccoooi i
Resource Conservation and RECOVEIY ACT.....oooiiiiiiiiieiee e ettt ssa e e ss e vae e anas
CLRAN AL ACE ittt ea e bt s e e e sa et b R e e Rt e et e bt e R e b b e st et s e e R b e b e s et e

Safe DIINKING WALET ACE....ciiiiiiiciititieriteeietiteestteete et esteesete e treetassteessesateasseasseesseessaeaesesssssaesnsessneessessseeerses
TOXIC SUDSLANCES CONIIOL ACT...iviiiiiiiiiii ittt steee e et ee e s e s e s sesr e e sebastteesssssnsnnseeessssnreessonans

Federal Insecticide,

Fungicide, and Rodenticide ACL........co.ccueoiiieiieriie ettt ceeseereee s

Endangered SPECIES ACT......ciouiriiiiiiieiet ettt ettt ettt ettt et e et et s ae b s ee e e aea e s seee e s s aneaneabeabeeseerasran
National Historic Preservation Act, Archaeological Resources

Protection Act, and American Indian Religious Freedom ACt .......occcvevveviiciiienene et
National Environmental POICY ACE ....c.ccciiiiriiiiiieietini ettt sttt et se e e seenee e seeete e ssenaesanans

Current ISSUES QN0 ACLIOIIS ...........o.ooiimiiiiiiiiee ettt ir e eraa e e s esereeesesete s eesasaneseraneeeraarieneneranaes

Hanford Federal Facility Agreement and Consent OTder .........ccoocoovevveiirireeneee e eseereee e s seneseesreerens
Hanford Future Site Use/CIeanup SIAEZY .......vecerieeiieiieieiese et teieeiee e sres e aresesasseesaessasssesssessasseenseass
The Columbia River’s Hanford Reachi..........cooco it e ns
Tiger Team AssessmENt COTTECTIVE ACHOMS .o..viiveriieeeieeieierieieteeveeieeraeeriesesaesseessessasessnesiseanssnensesssssensesens
Plutonium Uranium Extraction and Uranium Trioxide Plants Status ........ccocoveveiieiinienvieeisecrrecree e
Plutonium Finishing Plant RESIAIT ...........cc.ecviiieciieieeticeeci ettt ettt et ar e b s b sreereesresrre e
Hanford Waste Vitrification PIANE ........c.cccveoiiciiiiieiecieciecicsece et ettt s r e s aaesaeetees e sreeere e
Waste Receiving and Processing FACIILY .........cciieiiriiiiieieie ettt sv s vt ese st eee

Waste Tank Safety

LSS e s e s se et r e e e e setaratesseoen

WaSte MINIIMUZATION ....eevievireiee ittt ee et et eae sttt ettt ebt st ste b e e et e ebe s s e st e meeae st e e se et aabeasaneansesaeabesesressansanes
2472-A EVAPOTALOL STATUS ..eoviteuieriererierieeen et eteeetertetteat et esteteeteste st st st ententesteneameatresenbe s emseseeansensansesesseansans

Submarine Reactor

COMPAITINENLS «...vneieuieiirerententereerere et eteiett et e e steseebeebe s e stss b et e bamaeaseeaeensaasaseansencassananen

Hanford Facility Dangerous Waste PEITIL .......c..ccoooiirirriieiireirerieecteirnee e se e esneeesssereesseesnssenesasesneereensens
International Environmental INSHIULE ........cooiiiiiiiiiieeeeccet et beesae e sae e eesesenesenas

Self-Assessments...

UNUSUAL OCCUITEICES .....vvvievienrireieiiiiiesceieierieseeseiteteteseessestaseteesasbasseesisttsssesssssessassssesssssesstsseesssssssstaseeessesies

Compliance Status UPAAte ............cocooiiiiiiiiiii ettt en e b e bt eseeta et esse s

Compliance Status.

Current ISSUES AN ACLIONS .....c.eeeeiiieeieie e et ettt e e st e s e et e s et e e st aeeeseereeesaeeesaaameenesanneeseerenenan

Effluent Monitoring INformation .................cc.occoooiiiiiiiiii e et ere e et

Facility Effluent MOMITOTING ........c.ccoooiiiiiieiiieee ettt sttt el e e st aeeeaae e aneas

Airborne Emissions
Liquid Effluents ....
Chemical Releases

19

19
21
22
23
24
24
25
25
25

26
26

29

29
30
33
34
34
35
35
35
36
37
38
38
38
38
39

41

41

43

43
45

49
51
51

53
55

XXiv



3.2 Near-Facility Environmental Monitoring

3.3

4.0

4.1

4.2

4.3

5.0

5.1

5.2

5.3

Near-Facility Environmental Monitoring at Hanford
Air Monitoring ...............

Surface-Water Disposal Units and Seep MONITOTING .......ccccoeoiiiiiiiiiiniiiiiiie e

Radiological Surveys ......

Soil and Vegetation Sampling from Operational ATEas ...........ccocviiviiiiiiiiniiii i

Investigative Sampling ....
External Radiation...........

Solid Waste Management and Chemical Inventories

Solid Waste .....ccovvvvennns
Chemical Inventories ......

Environmental Program Information
Climate and Meteorology
Results of 1992 Monitoring
Wildlife ..........ccocceeeinn.
Results for Wildlife Resource Monitoring, 1992

Other Environmental Studies and Programs

Hanford Cultural Resources LabOratory .........coccocveiirieiiiiii ettt e eae e e

Hanford Environmental Dose Reconstruction Project

Community-Operated Environmental Surveillance Program .............cccoiiiiiiicenin,

Other Environmental Activities
Environmental Surveillance Information
Environmental Surveillance at Hanford
SCOPE oo
Objectives ...cocovvviinrveecncnans
Criteria......ocoveveeeeeeirreneeeenns
Surveillance Design .........
Program Description ........

Air Surveillance ..............

Sample Collection and Analysis
Results ooevevviiniiiiinne

Surface-Water Surveillance

Columbia River Water .....

Columbia River Sediment

Contents

57
57
57
60
62
63
66
71
75

75
75

77
79
79
83
83
&9
&9
90
90
92
93
95
95
95
95
95
97
101

101
105

113

113
121

XXV



1992 Environmental Report

54

5.5

5.6

5.7

5.8

6.0

Riverbank Springs......
Onsite Ponds...............
Offsite Water ..............

Food and Farm Product SUPVEIllANnCe ................ooviiiiiiiiieieeee ettt st te e s

Goose Egg Shells .......
Gamebirds ...........c.....

Soil and Vegetation SUrveillance ...............ccccoooiiiiiiiiiieiiiieeecee et aebe s e e saesaesaeesaeesnes

Sample Collection and ANALYSIS ......cceecviiieriirieiireeet et st en et eees bt ene s e ene e e neeneenaes

Results for Soil ...........

Results for Vegetation

Shoreline Vegetation Special STUAY .......ccovieeiriiiirieer ettt e eiaeane

External Radiation SUNVEIIIANCE .............ooooiii it e e s e s eee e s e e s aeneeens

External Radiation MEASUIEITIENTS .....coiiiiieueiiieieiiitieeeee s ieteeieeeseseeeesesineeeesesesteeeesseteeasesesessnsbessessssesessbeseneses
External Radiation RESULLS .........cooviiiieiie ettt ee ettt et e e e ereeeeesmtereesesraaeeeeeessasnnbasteneasesesnbeseneses
Radiation SUIVEY RESBILS ..cueiiiieiiirieeiiiiieeteeir ettt ettt e e s abessaessbtesbsesabrassnnessasrenssnesssnasnsneses

Ground-Water Protection and Monitoring Program ..............c.cccoovovevienieieniniinieenceee et sae e

Geology ..ovvverreneeeieene

Ground-Water HYATOLOZY ....cccoieiiriiiieieiene ettt ettt ettt s b bt eat et st e et et es e eebeneeeaeeneas
Ground-Water PrOECHION «.....cccciiiiiieriite ittt st stk st sr oo netese e e nonen
Ground-Water MOTUEOTIIE .....coeovetirieeriererertent et sttt seeetesesteseseesestenrese e e sieseesaesae st e et aebesresanaaeeaseneearenaeas

Potential Radiation Doses from 1992 Hanford Operations...............c.c.ccccvvevvecieiienrererieniienrereeeeesveenens

Special Case Exposure

© Maximally Exposed INdividUal DOSE .........eivecveriieiietrerieeesee et et eete e see s e s e s sta e seesreeneessennenans

SCEIIATION .t iet ettt te e e e e st setete e s eeattesssa st e eessaeaseeassassnssasesaasessesesessntanasreneas

Comparison with Clean Air ACt StANAATAS ......c.eecierveeie et ese ettt e taeeeee e reeeeasteeneeenseennas

Population Dose .........

Doses from Other Than DOE SOUICES .....ccvccieiriiiiiiiientiererrcntcnie s reestse et et ernseet e sresbeereseesreneebesnesenens
Hanford Public Radiation Dose in PErSPECHIVE .......c..civieiiiieiiiciirieet ettt e nn e

Dose Rates to Animals

122
126
127

131

131
133
135
136
136
137

139

139
142
143
144
144
144

149

149
149
151
152

161

161
165
166

169

169
169
172
172

201

202
205
206
207
210
210
211

XXvi



7.0 Quality ASSUrance ...........cc.covvevviniiinnncercinnns

Environmental Surveillance ...........cccceeeeeecvvneennee
Effluent MONItOring .......cccocvecoccicricarnnincininnnann,

8.0 References ........ccooovvvevvireieiiiiiieeee e e e

U.S. Department of Energy Orders ..........ococ.c....
ACES oot

Appendix A - Additional Monitoring Results for 1992
Appendix B - Glossary ...
Appendix C - Applicable Standards and Permits ...
Appendix D - Dose ‘Calculations ................................
Appendix E - RCRA and CERCLA Monitoring Documents

Appendix F - Radionuclides Detected by Gamma Spectroscopy

Appendix G - Threatened and Endangered Species

Contents

213

213
217

221

229
230

Al

B.1

C.1

D.1

E.1l

F.1

G.1

XXV






H.1

H.2

H.3

1.1

2.1

2.2

3.1

32

3.3

34

3.5

4.1

4.2

4.3

4.4

4.5

4.6

4.7

Contents

Figures

Data Plotted USing @ LANEAT SCALE ...c..oovieeereemiiiiiiieiieete ettt et xliv

Data Plotted Using a Logarithmic SCALE ......c.ccoviiiiiiiiiiiee s xlv

Data With Error Bars Plotted Using a Linear SCale ..o xlv

DOE’s Hanford Site and SUrrounding A& .........c.coiviiiiiiiieriimiine ettt 6

Location of Aggregate Areas of the National Priorities List for the Hanford Site ........ccooivinnnn 20
Six Geographic Study Areas for the Hanford Future Site Uses Working Group ..........cocoeeevvveninnnns 32

Airborne Releases of Selected Radionuclides to the Atmosphere, 1987 Through 1992 ... 52

Radionuclide Concentrations in Near-Facility Air Samples Compared to

Background Locations, 1987 Through 1992 ..o 59

Radionuclide Concentrations in Near-Facility Soil Samples Compared to

Background Concentrations, 1987 Through 1992 ..o 65

Radionuclide Concentrations in Near-Facility Vegetation Compared to

Background Concentrations, 1987 Through 1992 ... 67

Radiation Survey Measurements Along the 100-N Area Shoreline,

1987 THIOUZN 1992 ...ttt ettt e bbb bbbt 72
Hanford Meteorological Monitoring Network Wind Roses, 1992 ... 80
Bald Eagles Observed Along the Hanford Reach, Fall and Winter Months,

1962 ThIoUZN 1992 ..ottt bbb e 84
Chinook Salmon Spawning Redds in the Hanford Reach, 1948 Through 1992 ... 84
Canada Goose Nests on Islands in the Hanford Reach, 1952 Through 1992 ... 85

Red-Tailed, Swainson’s, and Ferruginous Hawks on the Hanford Site,
1975 THIOUZN 1992 ..eieiiei ittt ettt ettt st b e e stk st s e 85

Elk on the Hanford Site Counted by Aerial Surveillance During the Post-Calving
Period: August Through September; and the Post-Hunting Period: December
Through January, 1975 Through 1992 ..o 86

Area Considered in Estimating Doses from Past Hanford Operations in the
Hanford Environmental Dose Reconstruction Project ...t 91

XXix



1992 Environmental Report

5.1 Primary EXPOSUIE PAWAYS ......ccooviiieiiiiirietireciiiei ettt bbb bt s be e 96
5.2 Air Sampling Locations, 1992 ............ccoiiiiiiiiiiiiiiicnc e e e 102
5.3 Monthly Average Total Beta Radioactivity in Airborne Particulate

Samples, 1986 Through 1992 ........co ettt ettt s et e e se e bese e s ebeaseanenaenes 108
5.4 Annual Concentrations of Iodine-129 in Air near the Hanford Site,

1987 Through 1992 .....ooiiiieeee et te e ae e e sttt e s be s e b aesaeseese e saassense st sassaassasssanseessansnensenns 108
5.5 Annual Average Concentrations of Tritium in Air near the Hanford Site,

TO8T TRIOUGN 1992 ...ttt st esa s s s e s e s st e a2 e nessessamaesaebeessasbessessessassasasssassasean 109
5.6 Annual Average Concentrations of Plutonium-239,240 in Air at the Hanford

Environs, 1987 TRIOUZN 1992.....ccu ettt ettt eve et er e eb e ettt eeeteseteeerseeesesesteeanneaas 109
5.7 Annual Average Concentrations of Uranium in Air at the Hanford Environs,

1987 TRIOUZN 1992 ...ttt ettt s ettt sb e s e e abe s ass et s esasseas s et s estassessassassessertassanes 111
5.8  Water and Sediment Sampling Locations, 1992 ..o eren e see s ss b vsssnenns 116
5.9 Annual Average Total Alpha Concentrations in Columbia River Water,

TOBT Through 1992 ...ttt ettt ettt e ete st e ssestasbeeseeneesaseeaeaaseaneeaneeseeneeeseens 117
5.10 Annual Average Total Beta Concentrations in Columbia River Water,

1987 TRIOUZN 1992 ...ttt ettt et ettt et e se et eteebeabessebs et aasssreseeteaseeeeereenseseereeneenes 117
5.11 Annual Average Tritium Concentrations in Columbia River Water,

T987 TRIough 1992 ...ttt et et st a bbbt e b e e s ne 118
5.12 Annual Average Strontium-90 Concentrations in Columbia River

Water, 1987 TRIOUZN 1992 ..ottt ettt e et e e et e et e e ete e tesanteeesressseessreesnseesneeenns 118
5.13 Annual Average Uranium Concentrations in Columbia River Water,

1987 TRIOUZH 1992 ..ottt e b ettt e beete bttt e te e b et et esaese e s s basasetsersetsastensesneetensenne s 119
5.14 Annual Average lodine-129 Concentrations in Columbia River Water,

TO87 TRIOUZN 1992 ...ttt ettt eat e n e te e e ese et e taese e terae st s se st esseasaestasaesaeasarssarensaesean 119
5.15 Columbia River Water Quality Measurements, 1987 Through 1992 ........cccccvoirerevirninieienieeeeeeees e, 121
5.16 Monthly Average Columbia River Flow Rates During 1992 .........ccoviieiiiieiiieinininiee e 122
5.17 Monthly Average Columbia River Water Temperatures During 1992 ........c.c.covverviienienneeceseeeeereseeeree s 122
5.18 Radionuclide Concentrations in Columbia River Sediments

at Priest Rapids Dam and McNary Dam, 1989 Through 1992 ..........cccoveeieiiiieiniiiieceeeeeeeeeee e 123
5.19 Radionuclide Concentrations in N Springs, 1988 Through 1992 ..........ccoeovvirivieniiiinineeiee e 124

5.20 Radionuclide Concentrations in Riverbank Springs near the Old
Hanford Townsite, 1988 Through 1992 ..........ooiiiiii ettt ettt r e reeenes 125

XXX



e

5.21

5.22

523

5.24

5.25

5.26

527

5.28

5.29

5.30

5.31

5.32

533

5.34

535

5.36

5.37

5.38

5.39

Constituents of Concern in 300 Area Riverbank Springs, 1988 to 1992 ........cccceviivvvennnns

Annual Average Radionuclide Concentrations in B Pond,

1987 THIOUZN 1992 ..ottt e s

Average Total Beta and Tritium Concentrations in FFTF Pond,

1987 TRHIOUZH 1992 ....ceiiiiiiiiie et e e st e

Annual Average Radionuclide Concentrations in West Lake,

1987 Through 1992 ..ot
Food and Farm Product Sampling Locations, 1992 .........ccccoiiiinnininiinineee e
Average Iodine-129 Concentrations in Milk, 1987 Through 1992 ...,

Strontium-90 Concentrations in Milk, 1987 Through 1992.........cccccccoeiiiiiiiiiiniiniiiinnn,

Annual Average Strontium-90 Concentrations in Leafy Vegetables,

1987 ThIough 1992 ....veieeieceteet ettt ettt

Strontium-90 Concentrations in Alfalfa Routinely Collected at Riverview

and Richland and All Other Sampling Locations, 1987 Through 1992 ...,

Fish and Wildlife Sampling Locations, 1992 ...........cccociviiiniiiiiiiiii e

Concentrations of Cesium-137 in Duck Muscle Samples from

B Pond, 1987 Through 1992 ...ttt e

Soil and Vegetation Sampling Locations, 1992 ..o

Selected Radionuclide Maximum, Median, and Minimum

Concentrations in Soil, 1987 Through 1992 ...

Selected Radionuclide Maximum, Median, and Minimum Concentrations

in Soil at Perimeter and Distant Locations, 1987 Through 1992 .......ccccociiiiiiiiinnnnnn.

Selected Radionuclide Maximum, Median, and Minimum

Concentrations in Vegetation, 1987 Through 1992 ..o

Tritium Concentrations in Columbia River Shoreline Vegetation

for Individual Samples Collected from 1990 Through 1992 .........ccccomiviiininii

Cobali-60 Concentrations in Columbia River Shoreline Vegetation

for Individual Samples Collected from 1990 Through 1992 ...

Strontium-90 Concentrations in Columbia River Shoreline Vegetation

for Individual Samples Collected from 1990 Through 1992 ........ccooviiiiiiii

Cesium-137 Concentrations in Columbia River Shoreline Vegetation

for Individual Samples Collected from 1990 Through 1992 . ...

Contents

128
129

130
132
133

135
135

137

140

143

150
153
154
156
157
157
158

158

XXXi



1992 Environmental Report

5.40

5.41

5.42

543

5.44

545

5.46

547

5.48

5.49

5.50

5.51

5.52

5.53

5.54

5.55

5.56

5.57

5.58

5.59

5.60

5.61

Uranium Concentrations in Columbia River Shoreline Vegetation
for Individual Samples Collected from 1990 Through 1992 .........cccccriiiniiir e

Plutonium Concentrations in Columbia River Shoreline Vegetation
for Individual Samples Collected from 1990 Through 1992 .........cccooiiiiiiniiriiee e

Thermoluminescent Dosimeter Locations and Station Numbers on
the Hanford Ste, 1902 ..o ettt ettt e e s e e st e eesasonbaeesenttessosssasessessssansseeessesssanaresessassnsns

Thermoluminescent Dosimeter Measurement Locations and Station
Numbers for Perimeter and Community Sites, 1992 ... e

Thermoluminescent Dosimeter Locations and Station Numbers
on the Hanford Reach of the Columbia RIVET, 1992 ....ooueiiiiiieoeeeeeeeeeeeeeeee et r e e e e e v ereseemereneenananes

Annual Average Dose Rates, 1987 Through 1992.........ccccoiiiiiiiiie ettt
Road and Railroad Survey ROWLIES, 1992 ......oomiiiiiiieee ettt ev et a s ar e v e ane e taennraesen s
Geologic Cross Section of the Hanford Site ..........oocoioriirioi ettt
Water-Table Elevations for the Unconfined Aquifer at Hanford, June 1992 ........ccocoooiiiiniiiniiiiiceeee
Hanford Site Unconfined Aquifer Monitoring Well Locations, 1992 ..........ccccveeveevivivevieeneeieee e e evee e
Hanford Site Confined Aquifer Monitoring Well Locations, 1992 ........c.ccccoeriirineeienenenieneneeieeeeene
Monitoring Well Locations in the 200-East Area, 1992 ..ot
Monitoring Well Locations in the 200-West Area, 1992 ......ccuoiiieeii et e st eeenee e

Locations of RCRA Ground-Water Monitoring Projects and
Landmarks on the Hanford SIe .......c..ccccoiiiririeinincntnrtrertet ettt see s ee e

Tritium Concentrations in the Unconfined Aquifer, 1992 .........ccovvvvevieiieceireneiieieeess e seesre e e e e
Tritium Concentrations in Well 699-24-33, 1962 Through 1992 ...........coeeievrievreieecee et
Tritium Concentrations in Well 699-40-1, 1962 Through 1992 ........cooiiiiiiiiiie et
Tritium Concentrations in Well 699-S19-E13, 1975 Through 1992 ...
Tritium Concentrations in Well 299-W22-9, 1976 Through 1992 ..o

Distribution of Selected Radionuclides Greater Than the Drinking
Water Standard near the 200 ATEAS, 1992 . e vnivrieiioieet et eeeesetvtet e eeireeeeesesereeeesstesasaenneresereressesreseses

Distribution of Selected Contaminants Greater Than the Drinking
Water Standard near the 100 ATEAS, 1902 ... eeeieiioeeeieteee ittt erer et et e veer e s eeresteeessteeaesetneneaeessenserseeses

Strontium-90 Concentrations in Well 199-N-14, 1973 Through 1992 ........ccccociiiiiniiniinirinie e

159

159

162

163

164

166

168

170

171

173

174

175

176

177

181

183

183

184

185

185

186

187

XXXii



5.62

5.63

5.64

5.65

5.66

5.67

5.68

5.69

6.1

6.2

6.3

6.4

7.1

Distribution of Iodine-129 in the Unconfined Aquifer, 1992 ........ccc.ocovivieiviieeeeean.
Uranium Concentrations in Well 299-W19-18, 1987 Through 1992 ............ccocoovveeenenn.
Uranium Concentrations in Well 399-1-17A, 1987 Through 1992 ..........cc.cooovvevevieenenn.
Distribution of Nitrate in the Unconfined Aquifer, 1992 ........c.ccoovivieeeeieceeeeeceeeeeee.

Nitrate Concentrations in Well 299-W19-18, 1986 Through 1992 .............cccceeevevenenennne.

Distribution of Selected Hazardous Chemicals Greater Than the

Drinking Water Standard near the 200 A1eas, 1992 .....ooe oo oo een e

Distribution of Carbon Tetrachloride in the 200-West Area, 1992 .....ocooovoeivveeeeeen.

Distribution of Chloroform in the Unconfined Aquifer near

the 200-West Area, 1992 ...ttt ettt

Locations Important to Dose Calculations ...........cvoveieieeieeeeeeeeceeieeeecieeeeeee e

Calculated Effective Dose Equivalent to the Hypothetical Maximally

Exposed Individual, 1988 Through 1992 ........c..coooioiiiiiiiiiceeeeeeeceeceee e,

Calculated Effective Dose Equivalent to the Population Within

80 km of the Hanford Site, 1988 Through 1992 .........cccoieviiiieeeeeeeeceeeee e

National Annual Average Radiation Doses from Various SOUTCes ............cccovvvvereeverenn.n.

Comparison of Thermoluminescent Dosimeter Results with Known

EXPOSUIES, 1992 ..o ettt e e e e e e e e e s eteeeeeeee e s eneeeaee s

Contents

188
190
191
193

194

195

197

199

203

205

208

209

217

XXXiif






H.1

H.2

H3

H.4

21

3.1

3.2

33

34

3.5

3.6

3.7

3.8

3.9

3.10

3.11

3.12

3.13

3.14

Tables

Names and Symbols for Units 0f MEaSUTIe .........eevereiecinnieeiieiiiiieereet e
Names and Symbols for Units of Radioactivity ........c.eeceeeviiniriininccciiiiicicciiciniens
Names and Symbols for Units of Radiation Dose ..........cooceceiciniciiiiiiiiiie

Radionuclide NOMENCIATUIE ......ccovvvviiiiiiieeieiiirie e eeserriee et e e eee e s senivsesesevereeaessesasnrarsnes

Seventeen Priority Chemicals of the Emergency Planning and

Community Right-To-Know Act Pollution Prevention Program..................ccocoie
Radionuclides Discharged to the Atmosphere, 1992 . ...

Nonradioactive Constituents Discharged to the Atmosphere, 1992 ...

Radionuclides in Liquid Effluents Discharged to Ground Disposal

FACIITES, 1992 oeveiiiiiiiiie ettt eeesrree e et e e e st e e e e st e e eesanreee s stvbaaesanssssanasessnsnrasansensans

Radionuclides in Liquid Effluents Discharged to the Columbia River

from the 100 ATeas, 1902 ...t cereeeere e eseeesssesenentnresesaeasaseaarasnensaeaes

Nonradioactive Liquids Effluents Discharged to Ground Disposal

FACIIIEES, 1902 .ottt e s et scetab e s e e bbb e e e s esbeaeaaeseesesseseseanssrnreeeeas

Near-Facility Routine Environmental Samples and Locations ...

Radiological Results for Liquid Samples from Surface-Water

Disposal Units, 200/600 Areas, 1992 ...

Radiological Results for Aquatic Vegetation Samples from

Surface-Water Disposal Units, 200/600 Areas, 1992 .......ccocoveevieoiriririiinciinieeeeeee e

Radiological Results for Sediment Samples from Surface-Water

Disposal Units, 200/600 Areas, 1992 ... s

Concentrations of Radionuclides in 100-N Area Shoreline Seeps, 1992

Nonradiological Results for Liquid Samples from Surface-Water

Disposal Units, 1992 ....c.coiriiiriiiiiiiinnrcine ettt st eae
Outdoor Contamination Status, 1992 ........cocooviiiinirienenecc e
Zone Status Change by Area, 1992 ...t

Special Samples Collected from the Operations Areas, 1992 ...,

Contents

54

55

56

56

56

58

61

61

62

62

63
64
64

69

XXXV



1992 Environmental Report

3.15 100-N Liquid Waste Disposal Facilities Direct Radiation
Measurements, 1991 and 1992 ........oooeii e s 73

3.16 Thermoluminescent Dosimeter Results for Waste-Handling

Facilities in the Operating Areas, 1991 and 1992 ... 73
3.17 Radioactive Solid Waste Disposal, 1992 ......coooiiiiiiiiii e 76
3.18 Hanford Site Tier-Two Emergency and Hazardous Chemical Inventory

Average Balance of Ten Chemicals Stored in Greatest Quantity, 1992 ........ccooovniininiincnnn. 76
4.1 Monthly Climatological Data from the Hanford Meteorology Station, 1992 ..., 81
5.1 Environmental Surveillance Sample Types and Measurement Locations, 1992 ... 99
52 Air Sampling Locations, Sample Composite Groups, and Analyses, 1992 e 103
5.3 Airborne Radionuclide Concentrations in the Hanford Environs,

1992 Compared to Values from the Previous 5 Years ... 106
54 Average Concentrations of Selected Volatile Organic Compounds

in Air on the HAnford SIE, 1992 .....ooieeiieecee ettt et et seeevas e esssreessesreeseetesseebe e nesneeeabssbe e sesnnesanes 110
5.5 Surface-Water Surveillance, 1992 .......c.ooiiiieerii ettt 114
5.6 Sediment SUrVEILLANCE, 1992 .....oiirr et ee et eee ettt e et e ree s s areeeab e e sba e s s e snbe s e e rab bt e esranessarbaeens 115
5.7 Numbers of Locations, Sampling Frequency, and Analyses Performed

for Routinely Sampled Food and Farm Products, 1992 ..o 133
5.8 Radionuclide Concentrations in Milk, 1992 Compared to Values

frOM the PIEVIOUS 5 YEALS «.eviiviiiteiieiteeeseeeeeie ettt e e see e sansbasassba e sae e naeeas e e be e ba e e e b s asbasbe st e seneees 134
5.9 Tritium Concentrations in Wine, 1992 Compared to Values
) TTOM thE PTEVIOUS 5 YBATS ...veiivvieireeieeireretesitesieeesieceneresareesaeestetssesnesaeeesaessatssareasaseesaesabesasssasssaabnasaseas 136
5.10 Strontium-90 in Alfalfa Samples, 1992 ..ot 137

5.11 Locations, Species, and Radionuclides Sampled for Fish and
WILALITE, 1992 ..ottt ettt sttt st sb e s s b st em b b e s e e ns e s s sb e s e e R e e e an e et e e e 141

5.12 Summary of Cesium-137 in Bass Muscle and Strontium-90 in Bass Carcass,
1992 Compared to Values from the Previous 5 YEars ... 141

5.13 Summary of Cesium-137 in Duck Muscle, 1992 Compared to Values
TLOIN ThE PIEVIOUS 5 Y ATS .euveveeeeeeereeiieieeeteeseeetesesetestssssseasaeasssaessasssseaessansmeeaeesastbatanaeenseeaansnabeasaeneannnnes 143

5.14 Concentrations of Strontium-90 in Goose Egg Shells, 1987, 1988, 1991, and 1992........cccooeiiiinnnn, 144

5.15 Summary of Cesium-137 in Upland Gamebird Muscle, 1992 Compared to Values from
THE PIEVIOUS 5 Y AIS .eeveeveiieieeieteiieettereiieeeeeseeseeseee e et e eree seseasesaneseeamseate st s et e e st e aeabs e et b e s as s b e e st s eabe s b e estnenees 145

XXXVI



5.16

5.17

5.18

5.19

5.20

521

522

5.23

5.24

5.25

5.26

6.1

6.2

6.3

6.4

6.5

7.1

7.2

7.3

Summary of Cesium-137 in Rabbit Muscle, 1992 Compared to Values

From the Previous 5 YEAIS ..oovverereeerreraeriiiiees e ssnine e et nan et ssss s

Summary of Strontium-90 in Rabbit Bone, 1992 Compared to Values

From the Previous 5 YEAIS .oovvereeereeceeeeeerieresiminesireesnvns s seeeesieesianesessraansnnasnse

Soil and Vegetation Samples, 1992 ..o

Radionuclide Concentrations in Soil Samples on and off the

Hanford Site, 1992 Compared to Values from the Previous 5 Years, 1992......

Concentrations of Three Radionuclides Consistently Found in

Vegetation, 1992 ...t e

Radionuclide Concentrations in Vegetation Samples on and off

the Hanford Site, 1992 Compared to Values from the Previous 5 Years...........

Dose Rates Measured by Thermoluminescent Dosimeters at Perimeter and
Community Locations, 1992 Compared to Values from the Previous 5 Years

Dose Rates Measured Along the Hanford Reach of the Columbia River,

1992 Compared to Values from the Previous 5 Years ......ooovvvcnnniinininenn:

Dose Rates for Thermoluminescent Dosimeter Locations on the

Hanford Site, 1992 Compared to Values from the Previous 5 Years...............

Radionuclides and Chemicals Analyzed for in Ground Water ..........c.cccooeeen

Major Chemical and Radiological Ground-Water Contaminants

and Their Link to Site OPerations .........coceveveeresisressenrminimsssss s

Doses to the Hypothetical Maximally Exposed Individual from

Hanford Operations, 1992 .........oiierriieciiiin s

Population Doses from Hanford Operations, 1992 ........... et

Summary of Doses to the Public in the Vicinity of Hanford

from Various SOUICES, 1992 .....eiiiiiiiinieeetrriasitr et s e e

Estimated Risk from Various Activities and EXpoSures .........c.ccooevvvniniininnns

Activities Comparable in Risk to That from the 0.02-mrem Dose Calculated

for the 1992 Maximally Exposed INdividual .......ovcoeeiiimmiiieen e

International Technology Corporation Performances on

DOE Quality Assessment Program Samples, 1992 ..o

International Technology Corporation Performances on

EPA Intercomparison Program Samples, 1992 .....co.oviiii

International Technology Corporation Performances on PNL

Quality Control SAMPLES, 1992 ..ot s

Contents

145

146

151

152

155

155

165

167

167

178

180

204

208

209

211

212

215

215

216

XXX Vi



1992 Environmental Report

74 Comparison of Quality Assurance Task Force 1992 Intercomparison Samples ........cccoeverereierrcrnnienenne. 216

7.5 222-S Analytical Laboratory Performance on DOE Quality

Assessment Program Samples, 1992 ...ttt 219
7.6 222-S Analytical Laboratory Performance on EPA Intercomparison

Program Samples, 1992 . ....co.oiiiiireicetette et bbb bt e et ee et s eae et ereeens 219
A.l Radionuclide Concentrations Measured in Columbia River Water at

Priest Rapids Dam, 1992 Compared to Values from the Previous 5 Years .......cccecoevivveierieieeeiceereeeeee. A2
A2 Radionuclide Concentrations Measured in Columbia River Water at

the 300 Area, 1992 Compared to Values from the Previous 5 YEars ......covcoveeviieeecieeieceeeier e, A3
A3 Radionuclide Concentrations Measured in Columbia River Water at

the Richland Pumphouse, 1992 Compared to Values from the Previous

S Y TS ittt ettt e e et e e et e e sttt e sate s nee e teeea et e sate s st et ee e enaeeanneaesreennn A4
A4 Radionuclide Concentrations Measured in Columbia River Water Along

Cross Sections Established at the Vernita Bridge and Richland

Pumphouse, 1092 ..ottt ettt ettt s et b e bt e ae et et erteetenaneten A5
A5 Columbia River Water Quality Data, 1992 ........cooiiirviiiieiiiceeee sttt ettt st eeen e eneneeees A.6
A6 Radionuclide Concentrations in Columbia River Sediment,

1992 Compared to Values from the Previous 4 YEars ......ccoeceveeeivieeenieeeinieiesieesee et AT

A7 Summary of Cesium-137 in Milk, 1992 Compared to Values from
THE PrEVIOUS 5 YIS «.ooieeeie et e et e et e e ete e e et e s e e e s e e e e ee e e e e s sessasesssressesssessaeens A9

A8 Strontium-90 in Leafy Vegetables, 1992 Compared to Values from
the Previous 5 YRS ....cccooiiiiiiii ettt ettt ettt sa st et e e st ete v e b et e ebe s eeseeeenas A9

A9 Cobalt-60, Strontium-90, and Cesium-137 in Riverview Carrots, 1992
Compared to Values from the Previous 5 YEars .....ocvvivvciiiniieieeiciecttecteetete et vnes A.10

A.10 Annual Average Concentration of Strontium-90 in Alfalfa, 1982 t0 1992 .....c.ovvveeivioireeeeer e, A1l

A1l Summary of Strontium-90 in Carp Carcass and Cesium-137 in Carp
Muscle, 1992 Compared to Values from 1990 and 19971 ........c.coorimiriiiiie e A2

A.12 Concentrations of Strontium-90 in Whitefish Carcass and Cesium-137 in
Whitefish Muscle, 1992 Compared to Values from the Previous 5 Years.........cccocoevvvvreveveeirceeeeeeenn A.13

A.13  Summary of Plutonium-238 and Plutonium-239,240 in Rabbit Liver,
1992 Compared to Values from the Previous 5 Years ......ccccovvviveiieieierciiieiieiece et Al4

A.14  Summary of Strontium-90 in Deer Bone and Cesium-137 in Deer Muscle,
1992 Compared to Values from the Previous 5 Years ......ccccceeeeioieiieieoineoiiieiieeeteeee et A 15

A.15 Strontium-90 Concentrations in Soil, 1987 Through 1992 .........ccocoooviieiieiee e A.16

XXXVIii



A.l16

A.17

A.18

C.1

C2

C3

C4

CS5

C.6

C7

D.1

D.2

D3

D.4

D.5

D.6

D.7

D.8

D.9

F.1

G.1

G.2

G.3

Contents

Cesium-137 Concentrations in Soil, 1987 Through 1992 ..o A.18
Plutonium-239,240 Concentrations in Soil, 1987 Through 100 e eeee s reerer e A.20
Uranium Concentrations in Soil, 1987 Through 1992 ... A22
Washington State Water Quality Standards for the Hanford Reach

OF t1e COIUIMDBIA RIVET «.eveeeeeeereietceiereeeesseteeseesetestrtste et s ss s e ba s asss ke s b e s s an bbb e s e g2 a T st C2
Selected Radiological Drinking Water Standards ...........oeeiiiimiiii s C3
Selected Chemical Drinking Water Standards ..o c4
Benton-Franklin-Walla Walla Counties Air Pollution Control

Authority Ambient Air Quality StANdArdS ......o.ooveeeiiirimi e c4
Radiation Standards for Protection of the Public from

AL ROUHINE DOE ACHVILIES 1.vevveivierirseeesteseeseesessereeseesaetesseeesesesseassstestes st s bsats st s e s s sttt C5
Selected Derived Concentration GUIAES .....cceeeeererriitiieniininmtis et C.6
ENVITONIMENTAL PEITIILS .vveeeveeeeeiarereeetesiesesssessesereseeeransssssensasss b s st b st s eh s e s s e e s e bbb e bt C.7
Food Pathway Parameters Used in Dose Calculations, 1992 ...t D4
Dietary Parameters Used in Dose Calculations, 1992 .....ooeeeveve et D4
Residency Parameters Used in Dose Calculations, 1992 ......coviceerreereeiiiinie et D.5
Recreational Parameters Used in Dose Calculations, 1992 ... D.S
Documentation of 100-N Area Airborne Release Dose Calculations, 1992 ....coeriviiniiniceen. D.6
Documentation of 100-N Area Liquid Release Dose Calculations, 1992 ....ccceveieriiiiiiimnnnniner e D.7
Documentation of 200 Area Airborne Release Dose Calculations, 1992 ... D.8
Documentation of 300 Area Airborne Release Dose Calculations, 1992 ......ooierciiiiiins DI
Documentation of 400 Area Airborne Release Dose Calculations, 1992 ... D.10
Radionuclides Analyzed by Gamma-SPECIIOSCOPY ..rvcueururuemermimissrasmisritstsiss st s F.1
Threatened and Endangered SPECIES ......cooviviiriiiiieisnini i G.1
CANAIAALE SPECIES vrrvrereveriueeiieseeieaie st s eb e G.2
Washington State Plant Species of Concern Occurring on the Hanford Site......cccoeeeeiiviininiirenrinnniennes G.3

XXXIX






Helpful
Information




Helpful Information

The following information is provided to assist the
reader in understanding the report. Definitions of
technical terms can be found in Appendix B, “Glossary.”
A public information summary pamphlet is available by
following the directions in the “Preface.”

Scientific Notation

Scientific notation is used in this report to express very
large or very small numbers. For example, the number

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 is 2.0 x 10, the decimal point should be
moved three numbers (insert zeros if no numbers are
given) to the right of its present location. The number
would then read 2,000. If the value given is 2.0 x 107,
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 corres-
ponding symbols (metric and nonmetric) found through-
out this report.

Radioactivity Units

Much of this report deals with levels of radioactivity in
various environmental media. Radioactivity 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 concentrations
are generally expressed in terms of fractions of curies per
unit mass or volume. One curie is equivalent to 37 bil-

- lion disintegrations per second or is a quantity of any

radionuclide that decays at the rate of 37 billion
disintegrations per second. Disintegrations generally
produce spontaneous emissions of alpha or beta particles,
gamma radiation, or combinations of these. Insome
instances in this report, radiation values are expressed
with two sets of units. One set of units is usually
included in parenthesis or footnotes. These units belong
to the International System of Units (SI), 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 radioactivity and
radiation dose in the United States. The basic unit for
discussing radioactivity, the curie, can be converted to
the equivalent ST unit, the becquerel (Bq), by multiplying
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 ST unit, sievert (Sv) (Table H.3). Rem (sievert) is a
term that relates ionizing radiation and biological effect
orrisk. A dose of 1 millirem has a biological effect simi-
lar to the dose received from about one day’s exposure to
natural background radiation (see “Hanford Public Radi-
ation Dose in Perspective” in Section 6.0 for a more in-
depth discussion of risk comparisons). To convert the
most commonly used dose term in this report, the milli-
rem, to the SI equivalent, the millisievert, multiply milli-
rem by 0.01.

Additional information on radiation and dose terminol-
ogy can be found in the glossary of this report (Appen-
dix B). A list of the radionuclides discussed in this
report and their half-lives is included in Table H.4.

General information on radiation and radiation dose (as
well as Hanford’s Environmental Monitoring Program,
Hanford’s Cultural Resource Program, and Hanford’s

wildlife) has been compiled in informational pamphlets
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Table H.1. Names and Symbols for Units of Measure
Length Time Area
Symbol Name Symbol Name Symbol Name
cm centimeter (1 x 102 m) d day ha hectare (1 x 10° m?)
ft foot h hour km? square kilometer
in. inch min minute mi? square mile
km kilometer (1 x 10° m) s second ft? square foot
m meter yr year
mi mile
mm  millimeter (1 x 107 m)
pUm micrometer (1 x 10 m)
Volume Mass

Symbol Name Symbol Name

cm?® cubic centimeter g gram

gal gallon Gg gigagram (1 x 10° g)

L liter kg kilogram (1 x 10° g)

mL milliliter (1 x 10° L) mg milligram (1 x 107 g)

m? cubic meter pne microgram (1 x 10 g)

ppmv parts per million volume ng nanogram (1 x 10° g)

qt quart t metric ton (or tonne; 1 x 10° kg)

yd? cubic yard 1b pound

ft? cubic foot

Rate Temperature
Symbol Name Symbol Name
cfs cubic feet per second °C degrees Centigrade
mph miles per hour °F degrees Fahrenheit

Table H.2. Names and Symbols for Units of

Radioactivity

Radioactivity
Symbol Name
Ci curie
mCi millicurie (1 x 107 Ci)
uCi microcurie (1 x 10 Ci)
nCi nanocurie (1 x 10° Ci)
pCi picocurie (1 x 102 Ci)
fCi femtocurie (1 x 10-"° Ci)
aCi attocurie (1 x 10°'® Ci)
Bq becquerel

Table H.3. Names and Symbols for Units
of Radiation Dose

Radiation Dose

Symbol Name

mrad millirad (1 x 107 rad)
mrem millirem (1 x 10 rem)

Sv sievert

mSv millisievert (1 x 107 Sv)
uSv microsievert (1 x 10 Sv)
R roentgen

mR milliroentgen (1 x 10 R)
uR microroentgen (1 x 106 R)
Gy gray
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Radionuclide Symbol
tritium H
beryllium-7 "Be
carbon-14 HC
sodium-22 2Na
potassium-40 K
argon-41 Y Ar
chromium-51 SICr
manganese-54 *Mn
cobalt-57 SCo
cobalt-60 “Co
nickel-63 Ni
zinc-65 857n
krypton-85 8Kr
strontium-89 Sr
strontium-90 NSr
niobium-95 “Nb
zirconium-95 SZr
molybdenum-99 “Mo
technetium-99 “Tc
ruthenium-103 103Ru
ruthenium-106 105Ru
tin-113 1138n
antimony-125 123Sb
iodine-129 1291
iodine-131 Bl |
barium-133 133Ba
cesium-134 134Cs

Table H.4. Radionuclide Nomenclature

Half-Life

12.3 yr
53.28d
5730 yr
2.6 yr

1.26 x 10° yr
1.8h
27.7d
312d
271.8d

53 yr

92 yr
243.8d
10.7 yr
52d

28.8 yr
36d
64.0d
66.0 h
2.12x 10°yr
3944d
367d
115d

2.7 yr

1.6 x 107 yr
8.0d

10.53 yr
2.1yr

Radionuclide Symbol
cesium-137 P1Cs
cerium-144 4Ce
promethium-147 “TPm
europium-152 2Eu
europium-154 BEu
europium-155 $Eu
thallium-208 2081
bismuth-212 22Bj
lead-212 2i2Pb
polonium-212 2P
polonium-216 25pPg
radon-220 20Rn
radium-226 2Ra
radium-228 28Ra
thorium-232 ZTh
uranium total U or uranium®
uranium-234 B )
uranium-235 YU
uranium-236 zyJ
uranium-238 28y
plutonium-238 BPpy
neptunium-239 ZNp
plutonium-239 Z9Pu
plutonium-240 *Pu
plutonium-241 Py
americium-241 2“Am

(a) Total uranium may also be indicated by U-natural (U-nat) or U-mass.

Helpful Information

Half-Life

302yr
284d
2.62yr

12 yr

16 yr

1.8yr

3.1 min
60.6 min
10.6h
03x10°s
0.15s
5565

1600 yr
5.75yr
1.4x 10" yr
2.4x10°yr
7x107yr
2.3x107yr
45x10%yr
87.7yr
2.4d

24x 10%yr
6537 yr
144 yr

433 yr

that can be obtained, free, by writing to
Dr. Robert H. Gray, Manager, Office of Health and
Environment, 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 (for example, tempera-
ture, distance, time, or radioactivity) has some degree of

xliii



1992 Environmental Report

inherent uncertainty. This uncertainty results from the
combination of all possible inaccuracies in the measure-
ment process, including such factors as the reading of the
result, the calibration of the measurement device, and
numerical rounding errors. In this report, individual
radioactivity measurements are accompanied by a plus or
minus (£) value (sometimes expressed as a percentage of
the related concentration value), which is an uncertainty
term known as either the two-sigma counting error or the
total propagated error (see Sections 5.4 and 5.6). Total
propagated error includes counting error and analytical
error. Because measuring a radionuclide requires a
process of counting random radioactive emissions from a
sample, the counting error gives information on what the
measurement might be if the same sample were counted
again under identical conditions. The counting error
implies that approximately 95% of the time, a recount of
the same sample would give a value somewhere between
the reported value minus the counting error and the
reported value plus the counting error. Values in the
tables that are less than the counting error indicate that
the reported result might have come from a sample with
no radioactivity. Such values are considered as below
detection. Also note that each radioactive measurement
must have the random background 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 counting
errors, mean values are accompanied by two standard
errors of the calculated mean (2*SEM). In this report,
2*SEM is sometimes expressed as a percentage of the
mean concentration value. If the data fluctuate ran-
domly, then the 2*SEM is a measure of the uncertainty
in the estimated mean of the data from this randomness.
If trends or periodic (for example, seasonal) fluctuations
are present, then the 2*SEM is primarily a measure of
the variability in the trends and fluctuations about the
mean of the data.

Understanding Graphical
Information

Presenting data on a graph is 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 to the scale (linear
or logarithmic) concentration units, and the type of
uncertainty used.

Some of the data graphed in this report are plotted using
logarithmic (or compressed) scales. Logarithmic scales
are useful when plotting two or more numbers that differ
greatly in size. For example, a sample with a concentra-
tion of 5 g/ would get lost at the bottom of the graph if
plotted on a linear scale with a sample having a concen-
tration of 300 g/L (Figure H.1). A logarithmic plot of
these same two numbers allows the reader to clearly see
both data points (Figure H.2).

The mean values graphed in this report have vertical
lines extending above and below the data point. These
lines (called error bars), which are usually capped at both
ends with a short horizontal line, indicate the amount of
uncertainty (2*SEM) in the reported resuit. The error
bars in this report represent a 95% chance that the mean
is between the upper and lower ends of the error bar, and
a 5% chance that the true mean is either lower or higher
than the error bar.® For example, in Figure H.3, the first
plotted mean is 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% chance 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

400
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Figure H.1. Data Plotted Using a Linear Scale

(a) Assuming the Normal statistical distribution of the
data.
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Figure H.2. Data Plotted Using a Logarithmic Scale
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Figure H.3. Data With Error Bars Plotted Using a Linear
Scale

Helpful Information

graph. These bars provide a quick visual indication that
one mean may be statistically similar to or different from
another mean. If the error bars (or range of values) of
two or more means overlap, as is the case with means

1 and 3 and means 2 and 3, the means may be similar,
statistically. If the error bars do not overlap (means 1
and 2), the means may be statistically different. Means
that appear to be very different visually (means 2 and 3)
may actually be quite similar when compared
statistically.

Uncertainties (error bars) are not plotted in Section 5.6,
“Soil and Vegetation Surveillance.” Instead, sample
median, maximum, and minimum values are illustrated.
Uncertainties are not used because of the small number
of soil and vegetation samples collected and analyzed
during the year.

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 indicate 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
>), this indicates that the actual value is less-than-or-
equal-to or greater-than-or-equal-to the number given,
respectively.
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Elemental and Chemical Constituent Nomenclature

Constituent Symbol Constituent Symbol
aluminum Al iron Fe
ammonia NH, lead Pb
ammonium Is\lé{f lithium fluoride LiF

ntimon i
:rsenic y As magnesium Mg
b Ba manganese Mn
arium
H
beryllium Be $2f(celllry N;g
bicarbonate HCO; nitrate NO-
boron B ; ’
cadmium Cd L rosen \
i Ca nitrogen dioxide NO,
calcium 3
calcium fluoride CaF phosphate 0Ou
carbon c 2 phosphorus P
carbonate CO> potassium K
3 selenium Se

carbon tetrachloride CcCl, silver Ag
chloride Ccr. sodium Na
chromium (species) Cr* strontium Sr
chlr)mlmum (total) gr sulfate SO
cobalt CO thallium Tl
COPP?; ClIiI’ trichloromethane CHCl,
?]yam'de . vanadium A%
uoride 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 1.61 km km 0.621 mi

1b 0.454 kg kg 2.205 Ib

liq qt 0.946 L L 1.057 lig qt

ft? 0.093 m? m? 10.76 ft?

acres 0.405 ha ha 247 acres
mi? 2.59 km? km? 0.386 mi?

ft? 0.028 m’ m’ 357 ft*

dpm 0.450 pCi pCi 222 dpm

nCi 0.001 pCi ) pCi 1,000 nCi
pCi/L 10° uCi/mL puCi/mL 10° pCi/LL
pCi/m? 1012 Ci/m* Ci/m’ 10" pCi/m?
pCi/m? 10715 mCi/cm’ mCi/cm’ IUR pCi/m?
mCi/km? 1.0 nCi/m? nCi/m? 1.0 mCi/km?
becquerel 2.7x 10! curie curie 3.7x 10" becquerel
gray 100 rad rad 0.01 gray
sievert 100 rem rem 0.01 sievert
ppb 0.001 ppm ppm 1,000 ppb

°F (°F-32)+9/5 °C °C (°Cx9/5)+32 °F
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Acronyms and Abbreviations

AALG ambient air level goals EMSL
ALARA as low as reasonably achievable
EPA
ALE Arid Lands Ecology (Reserve)
ERA
ANSI American National Standards Institute
ERMC
ASME American Society of Mechanical
Engineers
ERRA
ASTM American Society for Testing and
Materials
ES&H
CERCLA Comprehensive Environmental Response,
Compensation, and Liability Act ES&QA
CFR Code of Federal Regulations
FEMP
COES community-operated environmental
surveillance FFCA
DCE dichloroethylene FFTF
DCG Derived Concentration Guide FR
DDT dichlorodiphenyltrichloroethane FY
DOE U.S. Department of Energy HCRL
DOH Washington State Department of Health HEDR
DOI U.S. Department of the Interior
HQ
DWS Drinking Water Standard
HGP
EA environmental assessment
HRA
Ecology Washington State Department of Ecology
HMS
EDE effective dose equivalent
HWYVP
EIS environmental impact statement
ICRP
EM-50 Office of Technology Development
EML environmental measurement laboratory IT

Helpful Information

environmental monitoring and
surveillance laboratory

U.S. Environmental Protection A gency
Expedited Response Actions

Environmental Restoration/Remediation
Management Contractor

Environmental Restoration Remedial
Action (Program)

environment, safety, and health

Environmental Safety and Quality
Assurance

Facility Effluent Monitoring Plan
Federal Facility Compliance Agreement
Fast Flux Test Facility

Federal Register

fiscal year

Hanford Cultural Resources Laboratory

Hanford Environmental Dose
Reconstruction (Project)

U.S. Department of Energy-Headquarters
Hanford generating plant

Hanford remedial action

Hanford Meteorological Station

Hanford waste vitrification plant

International Commission on

_ Radiological Protection

International Technology Corporation
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KEH
LEPS
LLBG
LWDF
MCL
MCLG
MDA
MDC
MEI

NASQAN

NCRP

NEPA

NESHAP

NOV

NPDES

NPR
NPS
NRC
NS
NTU
NWR

OEMP

PCB

Kaiser Engineers Hanford
low-energy photon

low-level burial ground

liquid waste disposal facility
maximum contaminant level
maximum contaminant level goals
minimum detectable activity
minimum detectable concentration
maximally exposed individual

Natural Stream Quality Accounting
Network

National Council on Radiation Protection
and Measurements

National Environmental Policy Act

National Emission Standards for
Hazardous Air Pollutants

notice of violation

National Pollutant Discharge Elimination
System

new production reactor

National Park Service

U.S. Nuclear Regulatory Commission
no standard or no sample
nephelometric turbidity unit

national wildlife refuge

Operational Environmental Monitoring
Program

polychlorinated biphenyl

PEIS

PFP
PNL
PQD
PSD
PUREX
QA
QATF
QC
RCA
RCHN
RCRA
RCW
REDOX
RI/FS

RL

SAIC

SARA

SCA
SE
SEM
SEN
SI

TCE

programmatic environmental impact
statement

Plutonium Finishing Plant

Pacific Northwest Laboratory

Process Quality Department
prevention of significant deterioration
Plutonium Uranium Extraction (Plant)
quality assurance

Quality Assurance Task Force

quality control

radiologically controlled area

Richland North

Resource Conservation and Recovery Act
Revised Code of Washington
Reduction Oxidation (Plant)

remedial investigation/feasibility study

U.S. Department of Energy Richland
Operations Office

Science Application International
Corporation

Superfund Amendments and
Reauthorization Act

surface contamination area
standard error

standard error of the mean
Secretary of Energy Notice
International System of Units

trichloroethylene
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TLD
TRIDEC
TRU
TSD
TSS
TWRS

UNSCEAR

UQO, Plant

URM

thermoluminescent dosimeter

Tri-Cities Industrial Development Council
transuranic

treatment, storage, and disposal

total suspended solids

Tank Waste Refnediation Systems

United Nations Science Committee on the
Effects of Atomic Radiation

Uranium Trioxide Plant

underground radioactive materials

USGS

USRADS

UST

VOA

vOC

WAC

WIPP

WHC

WRA

Helpful Information

U.S. Geological Survey

Ultrasonic Ranging and Data System
Underground Storage Tank

volatile organic analyses

volatile organic compound
Washington Administrative Code
Waste Isolation Pilot Plant
Westinghouse Hanford Company

Wildlife Recreation Area
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1.0 Introduction

The purpose of this report is to summarize 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 Site mission and activities,
general environmental features, radiological and chemi-
cal releases from operations, status of compliance with
environmental regulations, status of programs to accom-
plish compliance, and environmental monitoring
activities and results.

Those interested in more detail than the summary
information presented in this report are referred to the
technical reports cited in the text. Report sources include
local community libraries and the National Technical
Information Center, Springfield, Virginia 22161.
Descriptions of analytical and sampling methods,
formerly part of this report, are contained in the Hanford
Site Environmental Monitoring Plan (DOE 1991b).
Readers less familiar with the concepts, terminology,
and units used in this report may find the preceding
Helpful Information section useful.







1.1 Site Mission

The Hanford Site was acquired by the federal govern-
ment in 1943. In the early years, Hanford Site facilities
were dedicated primarily to the production of plutonium
for national defense and management of the resulting
wastes. In later years, programs at the Hanford Site were
diversified to include research and development for
advanced reactors, renewable energy technologies, waste
disposal technologies, and cleanup of contamination
from past practices.

The U.S. Department of Energy (DOE) is establishing a
new mission for Hanford including:

*  Waste Management of stored defense wastes and the
handling, storage, and disposal of radioactive,
hazardous, mixed, or sanitary wastes from current
activities

«  Environmental Restoration of approximately 1,100
inactive radioactive, hazardous, and mixed waste
sites and about 100 surplus facilities

»  Research and Development in energy, health, safety,
environmental sciences, molecular sciences,
environmental restoration, waste management, and
national security

»  Technology Development of new environmental
restoration and waste management technologies,
including site characterization and assessment
methods; waste minimization, treatment, and
remediation technology; space energy and isotope
production; education outreach programs; and other
special initiatives.

The DOE has set a goal of bringing its facilities into
compliance with local, state, and federal environmental
laws as soon as possible and of completing waste site
cleanup by 2018.







1.2 Introduction to the Hanford Site

The Hanford Site lies within the semi-arid Pasco Basin
of the Columbia Plateau in southeastern Washington
State (see Figure 1.1). The Site occupies an area of
about 1,450 km?* (approximately 560 mi?) north of the
confluences of the Snake and Yakima rivers with the
Columbia River. This land, with restricted public access,
provides a buffer for the smaller areas historically used
for production of nuclear materials, waste storage, and
waste disposal; about 6% of the land area has been dis-
turbed and is actively used. The Columbia River flows
eastward through the northern part of the Hanford Site
and then turns south, forming part of the eastern bound-
ary. The Yakima River runs along part of the southern
boundary and joins the Columbia River downstream
from the city of Richland. Adjoining lands to the west,
north, and east are principally range and agricultural land
in Benton, Grant, and Franklin counties. The cities of
Richland, Kennewick, and Pasco (Tri-Cities) constitute
the nearest population center and are located southeast of
the Hanford Site.

Estimates by the U.S. Bureau of the Census for 1990
place the population totals for Benton, Franklin, and
Grant counties at 112,560, 37,473, and 53,100, respec-
tively. The 1990 estimates for the Tri-Cities populations
are Richland, 32,315; Kennewick, 42,159; and Pasco,
20,337. The populations of Benton City, Prosser, and
West Richland totaled 10,244 in 1990. The population
of Benton and Franklin counties is young, with 56% of
the total population under the age of 35, compared with
54% of the total state population. An examination of age
groups in 5-year increments reveals that the largest age
group in Benton and Franklin counties ranges from 5 to
9 years old, representing 9.3% of the total bicounty
population; the largest group in the state ranges from 30
to 34 years, which represents about 9% of the total state
population.

The entire Hanford Site was designated a National
Environmental Research Park (one of four nationally) by
the former Energy Research and Development Adminis-
tration, a precursor to DOE.

The major operational areas on the Site include:

» The 100 Areas, bordering on the right bank (south
shore) of the Columbia River, are the sites of eight
retired plutonium production reactors and the
N Reactor, which is currently in a shutdown condi-
tion. The 100 Areas occupy about 11 km? (4 mi?).

e The 200-West and 200-East Areas are located on a
plateau and are about 8 and 11 km (5 and 7 mi),
respectively, south of the Columbia River. These
areas historically have been dedicated to fuel repro-
cessing and waste processing management and
disposal activities. The 200 Areas cover about 16 km*
(6 mi?).

« The 300 Area, located just north of the city of
Richland, is the site of nuclear research and develop-
ment. This area covers 1.5 km? (0.6 mi?).

e The 400 Area is about 8 km (5 mi) northwest of the
300 Area and is the site of the Fast Flux Test Facility
(FFTF), used in the testing of breeder reactor systems.
Also included in this area is the Fuels and Materials
Examination Facility.

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

Support areas near the Site include the 1100, 3000, and
Richland North (RCHN) Areas, located in North
Richland. The 1100 Area includes Site support services
such as general stores and transportation maintenance.
The 3000 Area includes the facilities for Kaiser Engi-
neers Hanford (KEH). The RCHN Area includes the
DOE and DOE contractor facilities located between the
300 Area and the city of Richland that are notin the
1100 and 3000 Areas.

Other facilities are located in the Richland Central Area
(located south of Saint Street and Highway 240 and north
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Figure 1.1. DOE's Hanford Site and Surrounding Area

of the Yakima River), the Richland South Area (located
between the Yakima River and Kennewick) and the
Kennewick/Pasco area.

Several areas of the Site, totaling 665 km? (257 mi?),
have been designated as the Arid Lands Ecology (ALE)
Reserve, the U.S. Fish and Wildlife Service Saddle
Mountain National Wildlife Refuge (NWR), and the
Washington State Department of Game Reserve Area
[Wahluke Slope Wildlife Recreation Area (WRA)]
(DOE 1986). The ALE Reserve was established in 1967
by the Atomic Energy Commission, a precursor to DOE.
In 1971, the reserve was classified a Research Natural
Area as a result of an interagency federal cooperative
agreement.

Land use in surrounding environs includes urban and
industrial development, irrigated and dry-land farming,
and grazing. In 1990, wheat represented the largest
single crop in terms of area planted in Benton and
Franklin counties, with 190,857 ha (471,600 acres).
Corn, alfalfa, potatoes, asparagus, apples, cherries, and
grapes are other major crops in Benton, Franklin, and
Grant counties. More than 20 processors in Benton and
Franklin counties produce food products including potato
products, canned fruits and vegetables, wine, and animal
feed.

Much of the above information is from Cushing (1992),
where more detailed information can be found.




1.3 Major Operations and Activities

The primary DOE operations and activities on the
Hanford Site in 1992 included waste management, site
restoration, environmental corrective actions, research
and technology development, and site management. The
majority of these activities were conducted under the
Environmental Restoration and Waste Management
Program for the Hanford Site. The cornerstone and
framework for DOE’s strategy for department-wide
environmental restoration, waste management, and
technology development is the DOE Hanford Site
Environmental Restoration and Waste Management
Five-Year Plan, Fiscal Years 1992-1996 (DOE 1990b).
This annually updated document was reissued with
activity data sheets for fiscal year (FY) 1992 through
1998 on June 1, 1992. The DOE 5-year plan addresses
overall philosophy and environmental and waste-related
activities that are the responsibility of the Office of
Environmental Restoration and Waste Management.

The Environmental Restoration and Waste Management
Site-Specific Plan for the Richland Operations Office:
Detailed Information (DOE 1989b) implements and
supports the DOE 5-year plan. This detailed informa-
tion volume is prepared so it can be used as a stand-alone
document. The Hanford Site Environmental Restoration
and Waste Management Five-Year Plan, Fiscal Years
1992-1996 (DOE 1990b) is supported by two companion
documents, the Overview of the Hanford Cleanup Five-
Year Plan and the Hanford Site Environmental Restora-
tion and Waste Management Five-Year Plan Activity
Data Sheets (DOE 1990d). The overview provides a
general plan description, and the activity data sheets
provide supplemental data to the detailed information
document.

Waste Management

Waste management is the safe and effective management
of active and standby facilities and the treatment,
storage, and disposal of radioactive, hazardous, and
mixed waste. The waste management goals of the DOE,

Richland Operations Office (RL), are to minimize the
generation of waste, and to maintain safe and environ-
mentally sound programs for treatment, storage, and
disposal of newly generated and stored wastes. The
Hanford Site Five-Year Plan (DOE 1990b) provides
detailed descriptions of the Site’s waste management
programs and other activities. Summary descriptions of
major programs and activities are presented here.

Waste Minimization

The Hanford Waste Minimization Program is an ambi-
tious program aimed at source reduction, product
substitution, recycling, waste treatment, and finally waste
disposal. The program is tailored to meet Executive
Order 12780, the DOE Orders, the Resource Conserva-
tion and Recovery Act (RCRA), and U.S. Environmental
Protection Agency (EPA) guidelines. All wastes on the
Hanford Site, including radioactive, mixed, hazardous,
and nonhazardous regulated wastes are inciuded in the
Hanford Waste Minimization Program.

Requirements for the Hanford Site program now include
the following:

« the Secretary of Energy Notice (SEN) 37-92 Pollution
Prevention report

» abiennial EPA waste minimization report
« an annual EPA source reduction and recycling report
attached to the Superfund Amendments and Reautho-

rization Act (SARA) 313 Report

 an annual DOE-required Hanford Site and contractor-
specific waste minimization plan review and update

« update of the Sitewide and facility-specific RCRA
Part B permits

» DOE-required process waste assessments following
state guidelines
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» waste minimization and pollution prevention program
plans (updated for the Hanford Site and each
contractor).

Each of the above initial reports and/or assessments has
been completed.

Waste minimization efforts have reduced the volume of
wastewater discharged to process trenches in the 300
Area of the Site by more than 5.7 million L/d (1.5
million gal/d). Modifications included installing closed-
loop cooling, plugging drains, lowering thermostats in
steam-heated buildings, using water in water-cooled
equipment only when required, and putting administra-
tive controls in place where possible.

In addition, a multifunction Tank Space Management
Board consisting of plant managers was established to
review efforts to reduce wastes generated and sent to the
tank farms for storage. Task teams imposed maximum
waste-generation limits for each plant, and approval from
the management board was necessary to exceed the
established volumes. The volume of liquid waste
avoided through waste reduction efforts to date exceeds
22 million L (5.8 million gal).

A paper recycling program has expanded to include 194
buildings onsite. In 1992, approximately 200 tons
(181,440 kg) of paper were recycled. Current projects
include packaging reduction, waste minimization design
checklist, and technology transfer.

Soil Column Discharges

A major strategy for Hanford Site’s waste management
is to discontinue discharges of contaminated liquid
effluents 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
action is included as a milestone under the Consent
Order DE 91NM-177 (liquid effluent study) and the Tri-
Party Agreement (see Section 2.1, “Environmental
Compliance and Cleanup”).

A plan and schedule have been prepared in accordance
with DOE Order 5400.5, “Radiation Protection of the
Public and the Environment,” and have been imple-
mented to discontinue the disposal of contaminated
liquids into the soil at the Hanford Site. Discharge of

contaminants in the major waste streams will be discon-
tinued by 1995 either by stopping the discharge or
treating the effluent stream to remove contaminants.

" Technologies for treating the effluent streams are being

evaluated to determine which would best meet regulatory
requirements.

Stored Wastes

The major effort for cleanup of the Hanford Site will be
the disposal of stored wastes generated from past
production operations. The strategies for handling and
disposing of these wastes, as well as newly generated
wastes, have been documented through the National
Environmental Policy Act process. The resulting record
of decision recommends implementing preferred
alternatives, described by the Final Environmental
Impact Statement, Disposal of Hanford Defense High-
Level, Transuranic and Tank Wastes (DOE 1987b). The
preferred alternatives recommend disposal of double-
shell tank waste, irretrievably stored and newly gener-
ated transuranic waste, and encapsulated cesium and
strontium waste as follows.

Double-shell tank waste will be separated into three
fractions: high-activity waste, transuranic waste, and
low-activity waste. The 28 double-shell tanks store more
than 91 million L (24 million gal) of radioactive liquid
and slurry, much of which has been transferred and
concentrated from single-shell tanks. The high-activity
waste and transuranic waste will be processed into a
solid, vitrified material similar to glass and disposed of
in a repository. The low-activity waste will be mixed
with a cement-like material and allowed to harden in
near-surface concrete vaults.

Solid transuranic waste that has been retrievably stored
since 1970 or has been newly generated will be sorted
and packaged in the proposed Waste Receiving and
Processing Facility for shipment to the Waste Isolation
Pilot Plant (WIPP) in New Mexico. WIPP-certified
transuranic wastes are currently being stored in the 200
Area Transuranic Waste Storage and Assay Facility.

Cesium and strontium capsules will continue to be stored
for eventual disposal in a repository. The cesium and
strontium were removed from single shell tank wastes to
reduce heat generation. There are currently 961 cesium
capsules and 597 strontium capsules stored at the
Hanford Site (41,718,000 Ci of cesium and 24,532,000
Ci of strontium).




For single-shell tank waste, transuranic-contaminated
soil sites, and pre-1970 buried, suspect, transuranic-
contaminated solid waste, the recommended strategy is
to continue the development and evaluation of disposal
technology before making a disposal decision. Wastes
will continue to be stored in a manner that protects the
environment and human health.

Storage will continue until treatment and disposal
facilities are constructed and treatment processes are
implemented. A notice of intent is being prepared for an
environmental impact statement on the Tank Waste
Remediation System. This document will supersede the
environmental impact statement for disposal of the
single-shell tank wastes.

Current waste storage activities at the Site primarily
include the management of high- and low-activity
defense wastes in the 200-East and 200-West Areas (see
Figure 1.1) and the storage of irradiated defense fuel in
the 100-K Area. Key facilities include the waste storage
tanks, Central Waste Complex, Low-Level Burial
Grounds (LLBG), 100-K fuel storage basins, Plutonium
Uranium Extraction (PUREX) Plant, Plutonium Finish-
ing Plant (PFP), B Plant, 616 Storage Facility, and 242-A
Evaporator.

Waste-management activities involving single-shell and
double-shell tanks currently include monitoring of the
tanks and upgrading monitoring instrumentation.
Concerns have been raised about the potential of a
ferrocyanide explosion and hydrogen gas accumulation
in the waste tanks. One issue is that under certain
conditions of chemical concentration, moisture, and
temperature, ferrocyanide and nitrates in the single-shell
tanks could release heat and potentially become explo-
sive. The other issue is that flammable explosive
hydrogen gases may be trapped beneath the crust in five
double-shell tanks and 18 single-shell tanks. The DOE
and external oversight groups have concluded that there
is no imminent danger to the public from either situation.
The Tank Waste Remediation System Division has the
responsibility to identify any hazards associated with
the waste tanks and implement the necessary actions to
mitigate or remediate those hazards.

The 100-KE and 100-KW fuel storage basins are
currently being used to store N Reactor irradiated fuel.
An operational readiness review was prepared by RL,
and two readiness schedules are being integrated for
efforts to encapsulate the 105-KE basin fuel and clean up

Major Operations and Activities

the remaining bottom debris and sludge accumulated
over the years. Preparations continued on the notifica-
tion of construction for Washington State Department of
Health (DOH) approval of air emissions expected from
this activity. Negotiations on arrangements and sched-
ules are continuing.

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 1990, the facility
completed a stabilization run to process fuel remaining in
the plant. The PUREX Plant has not operated since the
stabilization run. Inventories of solvent and nuclear
materials remain, including liquid uranyl nitrate hydrates,
fuel from Hanford single-pass reactors, and organic
materials. During 1992, transition of the PUREX Plant
from “a standby condition” to an orderly “shutdown”
began. The PUREX Plant is currently pursuing a
deactivation mode in which preparations have begun to
deactivate systems and proceed to permanent shutdown.

The Uranium Trioxide Plant (UO, ) began preparations in
1992 to process the remaining inventories of liquid
uranyl nitrate hexahydrate from the PUREX Plant.
Westinghouse Hanford Company (WHC) and DOE
completed an operational readiness review. The opera-
tional campaign for this facility is planned for mid-April
1993 and will be completed by mid-June 1993. Follow-
ing the campaign, the plant will transition to shutdown.

The PFP was used to convert plutonium liquids from the
PUREX Plant to plutonium oxide or metal. The PFP has
not produced a product since 1987. The plantalso
processed and stabilized scrap plutonium materials.
Reactivation of the Plutonium Reclamation Facility, one
of the operations at the PFP, is scheduled for mid-June
1993. The operational readiness review and training run
are progressing toward the scheduled startup; however, a
temporary administrative hold on plant activities was
initiated March 23, 1993, for safety-related occurrences
involving personnel contamination. The readiness
review will continue following investigation and
resolution of the occurrences.

There are no production activities currently taking place
at B Plant but several operating systems are required to
accomplish the B Plant facility mission, whichis to
ensure safe storage and management of radiological
inventories.
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The Grout Treatment Facility will treat and dispose of
low-level mixed waste liquid removed from the double-
shell tanks. The facility combines liquid wastes with dry
materials such as cement, limestone, fly ash, and blast
furnace slag to produce a grout slurry that is pumped into
underground concrete vaults, where it solidifies. Ap-
proximately 610 million L (160 million gal) of mixed
waste are planned to be processed between 1992 and
2014. Facility systems were being prepared during 1992
with construction continuing on four new vaults for a
scheduled operation in October 1993.

The 242-A Evaporator is used to reduce the volume of
liquid wastes from double-shell waste tanks. The
process condensate will then be stored in liquid effluent
retention facilities until the liquid effluent treatment
facility is complete. The concentrated double-shell tank
waste will be returned to the double-shell tanks. Opera-
tional readiness reviews are being conducted on the
retention facilities. The liquid effluent treatment facility
is being designed and constructed in the 200-East Area to
remove regulated chemical constituents from the 242-A
Evaporator process condensate.

Environmental Restoration

The environmental restoration program has been
established to remediate inactive waste sites, and to
decontaminate and decommission surplus facilities. The
Hanford Site has established the following two major
programs for implementing these actions:

1. Environmental Restoration Remedial Action
(ERRA) Program

2. Decontamination and Decommissioning Program.

Activities conducted within these programs are summa-
rized in the following subsections. The ERRA and the
Decontamination and Decommissioning Program
activities will be managed by the Environmental Restora-
tion/Remediation Management Contractor.

Environmental Restoration
Remedial Action Program

The ERRA Program was established to comply with
regulations for characterization and cleanup of inactive

waste sites. The program specifically includes identifi-
cation and characterization of inactive sites, remedial
design and cleanup action, and post-closure activities of
inactive radioactive, chemically hazardous, and mixed
waste sites.

All of the waste disposal sites at the Hanford Site have
been grouped into 78 operable units. An operable unit is
a grouping of waste sites for conducting a remedial
investigation and carrying out remedial actions. Oper-
able units form the basis for planning, scheduling,
budgeting, and establishing the working order for some
of the environmental restoration milestones for the Tri-
Party Agreement (see Section 2.1, “Environmental
Compliance and Cleanup”). Remedial investigations are
being conducted at 16 operable units to determine the
need for remediation at these units. The ERRA Program
also initiated expedited response actions on three
individual waste sites in 1991 and 1992: the 618-9 Burial
Ground, the 300 Area Process Trenches, and the 200-
West Area Carbon Tetrachloride site. In 1992, more
than 40 drums containing over 5,678 L (1,500 gal) of
solvent were removed from the 618-9 Burial Ground,
preventing the liquid from eventually reaching the
ground water. In 1992, work was completed at the 300
Area Process Trenches where approximately 5,300 m?
(7,000 yd*) of contaminated soil were removed and
isolated. A pilot-scale carbon tetrachloride vapor
extraction unit was successfully demonstrated at the
200-West Area, and procurement of a full-scale system
was initiated.

Decontamination and
Decommissioning Program

Many DOE-owned facilities at the Hanford Site that
were used to support the defense production mission
have been retired from service and declared surplus. The
Decontamination and Decommissioning Program
manages these facilities for DOE. The program provides
for surveillance and maintenance, as well as eventual
decontamination and decommissioning of these facilities.

The program manages about 100 separate facilities
including large concrete and cement block structures that
formerly housed chemical separations processes,
underground effluent water systems and storage tanks,
and ancillary buildings. Included also are the eight
graphite-moderated plutonium production reactors

10



constructed between 1943 and 1955. These reactors
have now been shut down for more than 20 years.

Activities conducted during 1992 include surveillance
and maintenance of surplus facilities, decommissioning
of the 201-C Strontium Semiworks, and preparation of
the Decommissioning of Eight Surplus Production
Reactors at the Hanford Site, Richland, Washington.
The final environmental impact statement (DOE 1992h),
which has been released for public review, discusses
various alternatives for decommissioning these reactors.
The record of decision is scheduled to be published in
FY 1993.

Corrective Activities

Corrective activities consist of actions to comply with
regulatory requirements or compliance agreements with
federal, state, or local regulatory agencies. Corrective
actions in 1992 are addressed in Section 2.0, “Environ-
mental Compliance Summary.”

Research and Technology
Development

Research and technology development actjvities on the
Hanford Site are located in the 200, 300, 400, 3000, and
RCHN Areas. Many of these activities are intended to
improve the techniques and reduce the costs of waste
management, environmental protection, and Site
restoration.

One of the main research facilities is the FFTF. The
FFTF's normal operating fuel cycle ended, and the
facility was shut down on March 19, 1992. A DOE
directive was issued mid-April 1992 to place the facility
in a “hot” standby condition. This condition means that
facility systems can readily start up on demand. FFTF
has remained in this condition, pending congressional
authorization to fund future operations and determination
of a new mission, as directed by DOE.

The Office of Technology Development (EM-50) was
established within the Office of Environmental Restora-
tion and Waste Management to develop and deploy new
technologies that will support compliance with applicable

Major Operations and Activities

regulations and agreements, minimize wastes, reduce
costs, and improve environmental restoration activities
and waste management operations.

EM-50’s approach is to manage its technology develop-
ment activities through mechanisms called integrated
demonstrations, integrated programs, and supporting
technology programs. An integrated demonstration
identifies systems of technologies that can be used to
solve high-priority, complex-wide (across DOE sites)
problems. This focused approach lowers costs and
accelerates acceptance of the new technologies for use.
The performance of the technologies is evaluated
individually and as part of complete systems for the
complete solutions to problems. An integrated program
focuses on the initial research and development of new
technologies within a key functional area such as
characterization or separations. The new technologies
from the integrated programs may go on to the integrated
demonstrations for testing or to the ultimate user.

The technology development program at the Hanford
Site is conducted as a joint effort by RL, Pacific North-
west Laboratory, WHC, and KEH. The integrated
demonstrations and integrated programs that are coordi-
nated for EM-50 by contractors at the Hanford Site
include the Volatile Organic Compounds in Arid Soils
(VOC-Arid) integrated demonstration, the Underground
Storage Tank (UST) integrated demonstration, the
Efficient Separations and Processing integrated program,
and the In Situ Remediation Technology integrated
program. The UST integrated demonstration is closely
linked to related technology activities and is directed to
solve DOE-wide UST problems and demonstrate
solutions in tanks at Hanford. The VOC-Arid integrated
demonstration is being conducted jointly with an
expedited response action on the carbon tetrachloride
plume in the 200-West Area.

Site Management

Hanford Site operations and activities are managed by
RL through four prime contractors and numerous sub-
contractors. Each contractor is responsible for safe,
environmentally sound maintenance and management of
its facilities and operations; for waste management; and
for monitoring of operations and effluents to ensure
environmental compliance.

11
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The principal contractors and their respective responsi-
bilities include:

* Westinghouse Hanford Company, the operating and
engineering contractor, conducts environmental
restoration, manages wastes, operates FFTF, main-
tains N Reactor and its fuel fabrication facilities, and
provides support services such as fire protection,
stores, and electrical power distribution.

* Battelle Memorial Institute, the research and develop-
ment contractor, operates the Pacific Northwest
Laboratory for DOE, conducting research and
development in environmental restoration and waste
management, environmental science, molecular
science, energy, health and safety, and national
security.

» Kaiser Engineers Hanford, the engineering and
construction services contractor, provides architec-
tural, construction, and engineering services.

* Hanford Environmental Health Foundation is the
occupational and environmental health services
contractor.

Non-DOE operations and activities on the Hanford Site
include commercial power production by the Washing-
ton Public Power Supply System WNP-2 Reactor and
commercial low-level radioactive waste burial at a site
leased and licensed by the State of Washington and
operated by U.S. Ecology. Immediately adjacent to the
southern boundary of the Site, Siemens Nuclear Power
Corporation operates a commercial nuclear fuel fabrica-
tion facility, and Allied Technology Group Corporation
operates a low-level radioactive waste decontamination,
super compaction, and packaging disposal facility.
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2.0 Environmental Compliance Summary

This section briefly describes how environmental
compliance is being achieved for the Hanford Site.
Included are subsections describing 1) the regulations
and oversight of compliance at the Site, 2) the current
status of the Site’s compliance with the principal

regulations, 3) the issues and actions arising from these
compliance efforts, and 4) the environmentally signifi-
cant environmental occurrences. The final subsection
provides an update of these issues for January 1 through
April 1, 1993, per DOE Orders.
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2.1 Environmental Compliance and
Cleanup

Many entities have a role in the DOE’s new mission of
environmental restoration and waste management. These
include federal, state, and local regulatory agencies; envi-
ronmental groups; regional communities; Indian nations;
and individual citizens. The following subsections
describe the roles of the principal agencies, organiza-
tions, and public in environmental compliance and
cleanup of the Hanford Site.

Regulatory Oversight

Several federal, state, and local government agencies are
responsible for enforcing and overseeing environmental
regulations at the Hanford Site. These agencies include
the EPA, the Washington State Department of Ecology
(Ecology), the DOH, and the Tri-Counties (Benton-
Franklin-Walla Walla Counties) Air Pollution Control
Authority. These agencies issue permits, review
compliance reports, participate in joint monitoring
programs, inspect facilities and operations, and oversee
compliance with applicable regulations. The DOE,
through compliance audits and its directives to
operations offices, initiates and assesses actions for
conforming to environmental requirements.

The EPA is the principal federal environmental regulator
in Washington State. The EPA develops, implements,
and enforces environmental protection regulations and
technology-based standards as directed by statutes
passed by Congress. In some instances, the EPA has
delegated environmental regulatory authority to the state
or authorized the state program to operate in lieu of the
federal program when the state’s program meets or
exceeds the EPA’s requirements. For instance, the EPA
has delegated or authorized enforcement authority to
Ecology for air pollution control and many areas of
hazardous waste management. In other activities, the
state program is enforced directly upon federal agencies
as provided by federal law. For example, the DOH has
authority to implement the state program for radionu-
clide air emissions to the atmosphere at the Hanford Site
in accordance with the federal facilities section of the

Clean Air Act. Where regulatory authority is not
delegated or authorized to the state, EPA Region 101is
responsible for reviewing and enforcing compliance with
EPA regulations as they pertain to the Hanford Site.

The Tri-Party Agreement

The Hanford Federal Facility Consent and Agreement
Order (also known as the Tri-Party Agreement) is an
agreement among the EPA, Ecology, and DOE for
achieving compliance with the Comprehensive Envi-
ronmental Response, Compensation, and Liability Act
(CERCLA) (including SARA) remedial action provisions
and with RCRA treatment, storage, and disposal unit
regulation and corrective action provisions. The Tri-Party
Agreement 1) defines and ranks RCRA and CERCLA
cleanup commitments, 2) establishes responsibilities,

3) provides a basis for budgeting, and 4) reflects a con-
certed goal of achieving full regulatory compliance and
remediation, with enforceable milestones, in an aggres-
sive but achievable manner. The Tri-Party Agreement
was established with input from the public. Copies

of the agreement and quarterly progress reports of
activities are publicly available at the RL Public Reading
Room in Richland, Washington, and at information
repositories in Seattle and Spokane, Washington, and
Portland, Oregon. To get on the mailing list to obtain
Tri-Party Agreement updates, contact the EPA or RL
directly, or call Ecology at 1-800-321-2008. Requests
by mail can be sent to:

Hanford Mailing List
P.O. Box 1970 B3-35
Richland, WA 99352

or

Hanford Update
Department of Ecology
P.O. Box 47600

Olympia, WA 98504-7600
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The Tri-Party Agreement consists of a legal agreement
and an action plan. The legal agreement establishes
jurisdictions, authorities, and other legal determinations
among the parties. The five specific areas of involve-
ment defined by the legal agreement are the following:

1. Identify RCRA treatment, storage, and disposal units
that require permits, and establish schedules to com-
ply with interim and final status requirements.
Where applicable, RCRA Part B permit applications
will be completed, closures accomplished, and post-
closure care implemented.

2. Identify interim-action alternatives appropriate to
implement the final RCRA corrective and CERCLA
remedial actions.

3. Establish requirements for performing investigations
to determine the nature and extent of threats to pub-
lic health or the environment caused by actual or
possible releases, and perform studies to identify,
evaluate, and select alternatives for controlling
possible releases.

4. Identify the nature, objective, and schedule of
response actions for cleanup of hazardous material
spills.

5. Implement the selected interim and final RCRA
corrective and CERCLA remedial actions.

The action plan implements the legal agreement by

1) defining how the parties will work together, 2) describ-
ing the processes and procedures to be followed, 3) defin-
ing the units to be addressed, and 4) scheduling the
work. The action plan, through enforceable milestones,
establishes a plan and schedule for bringing the Hanford
Site into compliance with applicable requirements of
RCRA and all remedial action requirements of CERCLA.

The Role of Oregon State
at the Hanford Site

Although the State of Oregon does not have a direct regu-
latory role at the Hanford Site, DOE recognizes that
Oregon has an interest in Hanford Site cleanup because
of the state’s location downstream on the Columbia
River and because of the potential for shipping radioac-
tive wastes from the Hanford Site through Oregon.

Oregon participates in the State and Tribal Government
Working Group for the Hanford Site, which reviews the
Site’s cleanup plans.

The Oregon Department of Energy has the lead in the
state’s involvement at the Hanford Site. It is performing
a 4-year research program on a contract scheduled to
expire in 1993 to determine the effects of Hanford Site
radioactive waste activities on the environment and on
the health of Oregon residents. The Oregon Department
of Energy provides information to the public, Oregon’s
congressional delegation, and state and local officials on
proposed cleanup, transport, and disposal activities and
costs. It also supports the Oregon Hanford Waste Board,
which recommends policy to the governor and legisla-
ture. The board was reauthorized by the 1991 legislature
and is composed of agency heads, members of the legis-
lature, and citizens.

The Role of Indian Nations
at the Hanford Site

The Hanford Site is located on land ceded in treaties in
1855 with the Yakima Indian Nation and the Confed-
erated Tribes of the Umatilla Indian Reservation (the
Umatilla, Cayuse, and Walla Walla Tribes). The Nez
Perce Tribe has treaty rights on the Columbia River. The
tribes retain rights and privileges in the ceded areas,
including the right to take fish at usual and accustomed
places.

In addition to the treaties of 18535, the following laws
apply to Native American rights and culture at the
Hanford Site: the American Indian Religious Freedom
Act, the Archaeological Resources Protection Act, the
National Historic Preservation Act, and the American
Antiquities Preservation Act. The RL implementation
program is described in Section 4.3, “Other Environ-
mental Studies and Programs.”

RL provides grants to the Yakima Indian Nation, the
Confederated Tribes of the Umatilla Indian Reservation,
and the Nez Pierce Tribe to ensure their involvement in
the Environmental Restoration and Waste Management
Five-Year Plan activities for cleanup of the Hanford Site
(DOE 1990b). The Umatilla Tribes also have a grant to
address their concerns about transporting wastes to the
Waste Isolation Pilot Plant in New Mexico.
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Public Participation

Individual citizens of Washington State and neighboring
states may participate in determining how Hanford Site
cleanup is conducted. A plan for community relations
and public involvement is included in the Tri-Party
Agreement. The community relations plan was devel-
oped and negotiated among DOE, Ecology, and EPA
Region 10 with public comment and was jointly
approved in 1990.

During 1992, quarterly information meetings were held
in the Tri-Cities (Kennewick, Pasco, and Richland),
Washington, to update the public on Tri-Party Agree-
ment activities. Meeting dates were announced approxi-
mately 3 weeks in advance through the quarterly Hanford
Update newsletter, news releases, and newspapers.

The DOE has also encouraged public participation in the
Hanford Five-Year Plan. Before each meeting, the press
is informed of the issues to be discussed, and notices are
sent to elected officials, community leaders, and interest
groups.

Environmental Compliance and Cleanup

The public can obtain up-to-date information on the
Hanford Site cleanup effort at the following four
repositories:

1. the RL Public Reading Room, Richland,
Washington

2. University of Washington Library, Seattle,
Washington

3. Crosby Library, Gonzaga University, Spokane,
Washington

4. Portland State University Library, Portland, Oregon.

The repositories receive copies of Tri-Party Agreement
action plan quarterly progress reports, CERCLA/S ARA
and RCRA environmental restoration activities reports,
closure and post-closure plans, RCRA permit applica-
tions, meeting summaries, and other publications related
to the Site’s cleanup.
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2.2 Compliance Status

This section summarizes the activities conducted to
ensure the Hanford Site is in compliance with federal
environmental protection statutes and related Washington
State and local environmental protection regulations, and
the status of Hanford’s compliance with these require-
ments. Environmental permits required under the envi-
ronmental protection regulations are discussed under the
applicable statute. Appendix C lists environmental per-
mits currently issued for the Hanford Site.

Comprehensive
Environmental Response,
Compensation, and
Liability Act

The CERCLA requires that specific procedures be imple-
mented to assess inactive waste sites for the release of
hazardous substances. The evaluation procedure is
divided into three tiers of activity: 1) preliminary assess-
ments, 2) remedial investigation/feasibility studies
(RI/FS), and 3) remedial actions. The EPA has estab-
lished procedures that the Hanford Site must comply
with to conduct the three-tiered process.

Preliminary assessments conducted for the Hanford Site
revealed that there are approximately 1,100 known indi-
vidual waste sites where hazardous substances may have
been disposed. These 1,100 sites have been grouped into
78 operable units, which have been further grouped into
four aggregate areas using identifiable geographic boun-
daries. The four aggregate areas (Figure 2.1) have been
placed on the EPA's National Priorities List, which
requires a schedule and actions for their remediation.

The DOE is actively pursuing the RI/FS process at some
operable units on the Hanford Site. The selection of the
operable units is a result of Tri-Party Agreement negotia-
tions. The Tri-Party Agreement provides the framework
for meeting CERCLA cleanup requirements. All mile-
stones related to the RI/FS process established for 1992
were achieved, and the Hanford Site was in compliance
with these CERCLA/SARA requirements.

In October 1990, the Secretary of Energy proposed three
accelerated cleanup actions. These actions would be
completed as expedited response actions (a way to hasten
clean up at sites to prevent further spread of contamina-
tion). Two of these actions were completed in 1991, and
the final reports were issued in 1992. These actions
included the removal of drums thought to contain hexone
and uranium from a burial ground in the 300 Area and
the removal of contaminated sediments from the bottom
of the 300 Area Process Trenches. One action, the
removal of carbon tetrachloride from the vadose zone

of two ground disposal sites in the 200-West Area,

began in February 1992. One vacuum systemis

currently operating 24 hours per day at a 14.2-m*/min
(500-cfm) capacity. A second system of the same size
will be operational by the end of February 1993. A third
system and upgrades to the two operating sysiems will
provide a 85-m*min (3,000-cfm), round-the-clock vapor
extraction program by March 31, 1993.

Six more accelerated cleanup actions were proposed

by the Secretary of Energy in 1992, some of which have
since been agreed to by the EPA and Ecology. These
actions would 1) characterize and identify physical
hazards associated with the 100 Area North Slope
Disposal Site, 2) characterize and identify chemical
hazards to the soil from the 100 Area Pickling Acid
Cribs, 3) excavate and remove debris in the 100 Area
Sodium Dichromate Landfill, 4) characterize and identify
residual contamination of the 33.7 km? (13 mi%) area in
the northwest corner of the Hanford Site (Riverland),

5) characterize and identify hazards to the soil in the
burial grounds north of the 300 Area, and 6) mitigate
flow of contamination to the Columbia River.

Lawsuit Filed

The Legal Advocates for Washington and Heart of
America Northwest filed a lawsuit against both WHC
and RL on April 16, 1992. The suit alleges that WHC
and DOE failed to notify the appropriate agencies on
releases of hazardous substances from tanks 106-C,
105-A, connected piping, ventilation, infrastructure, duct
work, and other connected tanks. Ecology has filed an
appeal on the applicability of CERCLA to the discharges.
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Figure 2.1. Location of Aggregate Areas of the National Priorities List for the Hanford Site (100 Areas,
200 Areas, 300 Area, and 1100 Area)
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Currently, the parties are awaiting adjudication on the
defendants’ “motion to dismiss.” No lawsuits on
CERCLA were filed during this time period.

Emergency Planning
and Community
Right-To-Know Act

The Emergency Planning and Community Right-To-
Know Act provides the public with information about
hazardous chemicals on the Site and establishes emer-
gency planning and notification procedures to protect the
public from a release. Subtitle A of the Act calls for
creation of state emergency response commissions to
guide planning for chemical release emergencies. State
commissions have also created local emergency planning
committees to ensure community participation and plan-
ning. Subtitle B contains requirements for periodic
reporting on hazardous chemicals stored and/or used on
the Site, to provide the public with the basis for emer-
gency planning.

The 1992 Hanford Tier Two Emergency and Hazardous
Chemical Inventory (DOE 1993a) was issued to the State
Emergency Response Commission, local county
emergency management committees, and local fire
departments. The report contained information on
hazardous materials in storage across the Hanford Site.
The 1991 Hanford Toxic Chemical Release Inventory
(DOE 1992i) report was issued July 1, 1992, to the EPA
and state. This report contained information on releases
to the environment of chemicals that were used in excess
of mandated thresholds. Accordingly, during 1992, the
Hanford Site was in compliance with the reporting
requirements contained in this Act.

Pollution Prevention Program

As part of Section 313 of the Emergency Planning and
Community Right-To-Know-Act, toxic chemical release
inventory reporting program, a pollution prevention
program (33/50) has been established that requires an
annual evaluation on the use and release of 17 specific
priority chemicals (Table 2.1). DOE’s participation in
the 33/50 pollution prevention program demonstrates the

Compliance Status

Table 2.1. Seventeen Priority Chemicals of the
Emergency Planning and Community Right-To-
Know Act Pollution Prevention Program

Benzene
Cadmium and compounds
Carbon tetrachloride

Methyl ethyl ketone -
Methyl isobutyl ketone
Nickel and compounds

Chloroform Tetrachlorethylene
Chromium and compounds Toluene

Cyanides 1,1,1-trichloroethane
Dichloromethane Trichloroethylene
Lead and compounds Xylene(s)

Mercury and compounds

shift in emphasis in the way DOE generates and manages
waste—from pollution control to pollution prevention.
This program seeks to reduce releases of pollutants
through avoidance or reduction in the generation of
pollutants at their source.

The 17 priority chemicals targeted for reduction in the
33/50 program are a subset of the chemicals listed in
Section 313 of this Act. The thresholds listed in the Act
are used to determine participation. The DOEis com-
mitted to reduce the baseline 1988 releases of these

17 priority chemicals by 50% by 1995. Each DOE site
annually evaluates its use and release of the 17 priority
chemicals identified for reduction in the 33/50 program.
The information is provided to HQ, where itis aggre-
gated for the Annual Progress Report provided to the
EPA.

Hanford had not exceeded the reporting threshold for the
use of any of the 17 priority chemicals until 1992. Dur-
ing 1992, the Site exceeded the threshold for lead, pri-
marily because of the use of lead shot in ammunition
used by Hanford Patrol for target practice. (This use of
lead was not considered before 1991 because of the Act’s
focus on manufacturing and processing activities only for
threshold determinations. As the shift in Hanford’s mis-
sion refocused Site activities, those outside of manufac-
turing and processing activities were also considered
during the threshold determinations.) An annual sum-
mary report of the 33/50 program information, contain-
ing the use and release of lead during 1992, will be
completed for the Hanford Site by August 1993.
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Resource Conservation
and Recovery Act

The RCRA establishes regulatory standards for the
generation, transportation, storage, treatment, and dis-
posal of hazardous waste. Ecology has been authorized
by the EPA to implement its own dangerous waste pro-
gram in lieu of the EPA program for Washington State,
except for some provisions of the Hazardous and Solid
Waste Amendments of 1984. While Ecology’s Dan-
gerous Waste Regulations, contained in the Washington

Administrative Code (WAC) 173-303, must be at least as

stringent as the RCRA requirements, these regulations
are often more stringent.

Approximately 63 treatment, storage, and/or disposal

units that must be permitted or closed in accordance with

RCRA and WAC 173-303 have been identified on the
Hanford Site. Some of the treatment, storage, and/or
disposal units contain numerous individual components

(for example, the single-shell tank unit includes 149 sep-

arate tanks). The existing treatment, storage, and/or dis-
posal units are required to be operated under Ecology’s

interim-status compliance requirements. Approximately

one-half of the treatment, storage, and/or disposal units
will be closed within a 10-year period.

The Tri-Party Agreement provides the framework for
meeting RCRA requirements. Of 100 milestones
scheduled for 1992, 96 were completed. For more
information on these milestones, see Section 2.3,
“Current Issues and Actions.”

Enforcement Action

The DOE and its Hanford contractors are working to
resolve several letters of noncompliance from Ecology
that were received during 1992. Each of these letters
lists specific violations. The following briefly sum-
marizes these noncompliance letters:

1. InMay 1992, a noncompliance letter was issued to
WHC for an inspection of tank 241-SY-101. The
primary violations alleged by Ecology were inade-
quate secondary containment and failure to inspect
the tank monitoring systems.

2. InlJuly 1992, Ecology issued a noncompliance letter
to WHC for an overflow of PUREX Plant Tank F18.
Alleged violations included lack of spill reporting,
failure to inspect monitoring systems, and lack of
both adequate secondary containment and overfill
prevention controls.

3. In September 1992, Ecology issued a noncompli-
ance letter to WHC for an inspection conducted
during May 1992 at T Plant. The alleged violations
were primarily related to waste generator
requirements.

4. In October 1992, KEH and DOE received a noncom-
pliance letter related to an Ecology inspection of the
200-East Area Slab Yard. The alleged violations
were all associated with waste generator and con-
tainer management requirements.

5. In October 1992, Ecology issued a noncompliance
letter to Pacific Northwest Laboratory (PNL) and
DOE following an inspection of the 305-B Storage
Facility. Alleged violations were related to con-
tainer management standards.

6. In November 1992, Ecolo
letter to WHC on alleged violations i
sl'lell tank 241-T-101. The violationz1 tv&t'l:esgf(lﬁ
ciated with the leak detection capabilities of the
tank. With the letter, Ecology initiated a Tri-Party
Agree.ment change request to add new milestones to
the Tri-Party Agreement. New milestones have
befan approved by DOE, EPA, and Ecology, and are
being completed on schedule. ’

Hanford RCRA Part B Permit

gy issued a noncompliance

The draft permit application was issued for public com-
ment in January 1992. Extensive comments from
Ecology were received by DOE and WHC. Responses
to Ecology’s comments, as well as pertinent changes,
were submitted to DOE-Headquarters (HQ) for final
review. Comments from HQ have not been received

by RL. When the Part B permit is finally issued, the
Hanford Site Facility Permit will provide the foundation
for all future RCRA permitting at Hanford in accordance
with provisions of the Tri-Party Agreement.
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Resource Conservation and
Recovery Act Ground-Water
Monitoring

Twenty-six ground-water monitoring wells were con-
structed at seven RCRA treatment, storage, and disposal
facilities in 1992. This met the Tri-Party Agreement
Milestone M-24-00.

For additional information on the ground-water monitor-
ing activities that occurred in 1992, see Section 5.8 and
Appendix E.

Resource Conservation and
Recovery Act Underground
Storage Tanks

Subtitle I of RCRA deals with regulation of underground
storage tank systems containing regulated substances that
include CERCLA hazardous substances and petroleum
products. These regulations were added to RCRA by the
Hazardous and Solid Waste Amendments of 1984. The
EPA has developed regulations imposing technical stan-
dards for tank performance and management, including
standards governing the cleanup and closure of leaking
tanks. These regulations do not apply to the single- and
double-shell nuclear waste tanks, which are regulated as
treatment, storage, and disposal facilities. The EPA has
authorized Ecology to implement the underground stor-
age tank rules in Washington State. No compliance
actions were taken by the EPA and Ecology during 1992
for activities conducted on the Site under this section of
RCRA.

Clean Air Act

The EPA has established the Prevention of Significant
Deterioration (PSD) program (40 CFR 52) to protect air
quality while allowing a margin for future growth. The
EPA has delegated authority to Ecology for regulation in
Washington State of new emission sources under the
PSD program.

The EPA issued a PSD permit to the DOE in 1980 for
the Hanford Site. The permit sets specific limits for
nitrogen oxides emissions from the PUREX and UO,
Plants.

Compliance Status

Significant increases in emissions from the Hanford Site
of any criteria pollutant regulated by the Clean Air Act
require agency review of potential impacts to regional air
quality. Additional limits may be necessary in
accordance with the PSD permit.

The DOH, Division of Radiation Protection, Air
Emissions and Defense Waste Section, has developed
regulatory controls for radioactive air emissions under
Section 116 of the Clean Air Act. These conirols are
applicable to federal facilities such as the Hanford Site.
WAC 246-247 requires registration of all radioactive air
emission point sources with the DOH.

The EPA has retained authority in Washington State for
regulating certain hazardous pollutants under the
National Emission Standards for Hazardous Air
Pollutants (NESHAP), in accordance with 40 CFR 61.
These standards are designed to protect the public from
hazardous air pollutants (for example, arsenic, asbestos,
beryllium, mercury, radionuclides, and vinyl chloride).

Pursuant to the NESHAP program within the Clean Air
Act, the EPA has developed regulations specifically
addressing asbestos emissions. These regulations apply
to the Hanford Site in building demolition and/or dis-
posal and waste disposal operations. Approximately
1,400 facilities on the Hanford Site have asbestos-
containing material. During 1992, 999 m’ of asbestos
were removed and disposed of in the Hanford Central
Landfill in accordance with applicable regulations.

Revised Clean Air Act requirements for radioactive air
emissions were issued in December 1989 under 40 CFR
61, Subpart H. Emissions from the Hanford Site are less
than the new EPA offsite emission standard of 10 mrem/
yr (effective dose equivalent). The 1989 requirements
are in the process of being met for flow and emissions
measurements, quality assurance, and sampling
documentation at all Hanford Site sources.

These specific reporting and monitoring requirements
necessitate additional effort. RL received a 2-year
compliance extension for the Subpart H requirements
until December 15, 1991. During this extension period,
ongoing evaluations were conducted to determine the
need for any additional continuous sampling equipment
and other actions to meet EPA criteria. Negotiations
continued with the EPA in 1992 toward the development
of a federal facilities compliance agreement regarding
continued evaluations and scheduling of any required
equipment upgrades.
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Hanford Site contractors have prepared Facility Effluent
Monitoring Plans (FEMPs) specific to various facilities
across the Site. The FEMPs include sections that outline
compliance with 40 CFR 61 (atmospheric emissions).
The preparation of FEMPs was completed in late 1991.
A summary of each FEMP appeared in the site environ-
mental monitoring plan covering effluent monitoring and
environmental surveillance (DOE 1991b). Eight of the
fifteen WHC FEMPs were revised during 1992 to incor-
porate DOE and WHC Quality Assurance/Regulatory
Analysis comments. The remaining WHC FEMPs will
be revised during 1993. No changes were made to the
PNL FEMPs in 1992.

The local air authority, Tri-County Air Pollution Control
Authority, enforces General Regulation 80-7, which
pertains to detrimental effects, fugitive dust, incineration
products, odor, opacity, asbestos, and sulfur oxide emis-
sions. They have been delegated authority to enforce
EPA asbestos regulations under NESHAP. The Site is in
compliance with the regulations.

During 1992, Hanford Site air emissions remained below
all regulatory limits set for radioactive and other pollu-
tants. Routine reports of air emissions were provided to

each air quality agency, in compliance with requirements.

Clean Water Act

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

Six permitted outfalls operated within the NPDES
permit. Two outfalls had instances of noncompliance:
N Springs Outfall (1301-N discharge) and Outfall 003
(181-KE inlet screen backwash).

Conditions resulting from retirement of the N Reactor
have affected the sampling and recording procedures
associated with the Hanford Site’s NPDES permit.
Primarily there are reduced flows at the N Reactor
outfalls, and in some cases, no flow at all. The situation
is being noted on the monthly discharge monitoring
reports submitted to the EPA.

Problems were experienced in the measuring of total
suspended solids at the 100-K Area 003 Outfall. The

discharge at this outfall is from the 181-KE inlet screen
backwash. The monthly permit limit for total suspended
solids was exceeded on August 6, 1992. With low flows,
rust and corrosion products from the associated piping
accumulate as loose debris in the meters. As a result of
this accumulation of solid materials, discharge has been
discontinued. A plan to dispose of the effluent to an
alternate site is currently being evaluated.

The N Springs Outfall exceeded the quarterly permit
allowance for iron (1 mg/L) on January 2, 1992. The
measured value was 5.5 mg/L. Investigations following
the occurrence showed that the ground-water well which
is normally sampled had not been purged since the last
sample, allowing for buildup of iron. Purge water
released to the outfall caused the limit for iron to be
exceeded. The well was repurged and resampled on
February 10, 1992. No increase or exceedance of the
permit limit was observed after repurging.

Permit applications have been submitted to the EPA
Region 10 for three new facilities (outfalls) planned for
the 100 and 300 Areas. These new facilities include a
treatment facility for process wastewater (1325-N), as
well as filter backwash/ash sluicing wastewater disposal
facility (315/384), and the 300 Area Treatment Effluent
Disposal Facility (Project L-045H).

Lawsuit Filed

Heart of America Northwest, an environmental group,
filed a lawsuit against both WHC and DOE on April 16,
1992. The suit alleges violations of the Clean Water Act
from discharges of pollutants without a NPDES permit in
the 300 Area Process Trenches, U-17 Crib, and the Z-20
Crib. Ecology has filed an appeal on the applicability to
the discharges described. Currently, the parties involved
are awaiting adjudication on the defendants’ “motion to
dismiss.”

Safe Drinking Water Act

The National Primary Drinking Water Regulations of the
Safe Drinking Water Act apply to the drinking water
supplies at the Hanford Site. These regulations are
enforced by the DOH (WAC 246-290).

The Hanford Site water supplies are monitored for the
contaminants listed in the rules and regulations of the
DOH regarding public water systems. In 1992 all water
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systems were in compliance with requirements and
agreements.

Toxic Substances Control
Act

The application of Toxic Substances Control Act require-
ments to the Hanford Site essentially involves regulation
of PCBs. Federal regulations for use, storage, and dis-
posal of PCBs are found in 40 Code of Federal Regula-
tions (CFR) 761. State of Washington dangerous waste
regulations for managing PCB waste are listed in WAC
173-303.

Nonradioactive PCB waste is stored and disposed of in
accordance with the 40 CFR 761 requirements. The
regulations require that PCB waste be disposed of within
1 year of being placed into storage for disposal. At
present, the disposal technology and capacity for
radioactive PCB waste is very limited or, in many cases,
nonexistent. As a result, radioactive PCB wastes are
being stored at the Hanford Site in excess of the 1-year
regulatory limitation. A compliance agreement remains
a critical step in achieving full compliance with PCB
regulations.

Various concentrations of PCBs are found in electrical
equipment throughout the Hanford Site. Most transfor-
mers have been sampled and characterized. Many PCB-
containing (those with greater than 500 mg/L) transfor-
mers and large capacitors have been replaced or modified.

Defueled, decommissioned submarine reactor compart-
ments shipped by the U.S. Navy to the Hanford Site for
disposal contain small quantities of PCBs bound within
the matrix of nonmetallic materials such as thermal insu-
lation, electrical cables, and some rubber items. Because
of the presence of PCBs, the reactor compartments are
regulated under this Act. A compliance agreement
between EPA and DOE defines the process by which a
permit under this Act will be issued for the disposal
trench. Work continues toward achieving a permit under
this Act.

Compliance Status

The United States
Environmental Protection
Agency

The EPA issued a Notice of Noncompliance as the result
of a polychlorinated biphenyl (PCB) compliance inspec-
tion conducted by EPA in September 1991. One viola-
tion was cited in the Notice of Noncompliance. This
violation was based on a spill that was not cleaned up
within the required 48-hour period. A formal response
was submitted to the EPA in November 1992. Final
resolution is pending.

Federal Insecticide,
Fungicide, and
Rodenticide Act

Ecology administers the Federal Insecticide, Fungicide,
and Rodenticide Act of 1975 certification and storage
requirements under authority granted by EPA. This Act
and the RCW 17.21, “Washington Pesticide Application
Act,” as implemented by WAC 16-228, “General
Pesticides Regulations,” apply to storage and use of
pesticides. At the Hanford Site, pesticides are applied by
personnel licensed by Ecology as commercial pesticide
applicators. The Hanford Site is in compliance with the
Act’s requirements and WAC 16-228 regulations per-
taining to storage and application of pesticides.

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 endan-
gered or threatened (federally listed). Others are listed
by the Washington State Department of Wildlife as
endangered, threatened, or sensitive species. The Site
monitoring program is discussed in Section 4.2,
“Wildlife.”
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National Historic
Preservation Act,
Archaeological Resources
Protection Act, and
American Indian Religious
Freedom Act

Cultural resources on the Hanford Site are subject to the
provisions of these three Acts. Compliance with the
applicable regulations is accomplished through an active
monitoring program that includes review of all proposed
land-disturbing projects to assess potential impacts on
cultural resources, and periodic inspections of known
archaeological and historical sites to determine their
condition and the effects of land management policies on
the sites. The 1992 program activities are described in
Section 4.3, “Other Environmental Studies and
Programs.” The B Reactor has been listed as a National
Historic Site.

The American Indian Religious Freedom Act requires
federal agencies to help protect and preserve the Native
American’s right to practice their traditional religion.
RL cooperates with Native Americans by providing Site
access for organized religious activities.

National Environmental
Policy Act

The National Environmental Policy Act (NEPA) estab-
lishes a national environmental policy. The Act requires
major federal projects with potential to significantly
impact the human environment to be carefully reviewed
and reported to the public through EIS. Other documents
such as environmental assessments are also prepared in
accordance with NEPA requirements. Such NEPA docu-
ments are prepared and reviewed in accordance with the
Council on Environmental Quality regulations in

40 CFR 1500 to 1508, 10 CFR 1021, DOE Order
5440.1E (dated November 10, 1992), and SEN-15-90,
“National Environmental Policy Act” (dated February 5,
1990).

The SEN-15-90 documentation directs DOE field offices
to conduct early and adequate NEPA planning, and to
designate an official to be responsible for overall NEPA
compliance. It also terminated the use of memos to
document NEPA reviews of certain activities and proj-
ects as of September 30, 1990. The RL has complied
with these and other requirements of the notice.

Several related programmatic and site-specific EISs, as
well as executive orders, are in progress or in the plan-
ning and scoping stages. These are summarized below.

Environmental Impact
Statement, Decommissioning of
Eight Surplus Production
Reactors at the Hanford Site,
Richland, Washington

Eight plutonium production reactors were built and
operated at the Hanford Site between 1943 and 1971.
These reactors have been declared surplus by DOE and
are now available for decommissioning. The first reactor
to operate, B Reactor, has been listed as a National
Historic Site.

The draft EIS (DOE 1989a) was published in March
1989 and subsequently went through the required review
process. During 1990, responses to agency and public
comments on the draft were prepared. The final EIS
(1992h) was issued as an addendum in December 1992.
A notice of availability was published in the Federal
Register on January 18, 1993, to give the public the
opportunity to review the final EIS. A record of decision
is expected to be issued in spring 1993.

Programmatic Environmental
Impact Statement for the
Environmental Restoration and
Waste Management Program

This EIS will evaluate the potential environmental
impacts of DOE’s national environmental restoration and
waste management program. It will include options for
remediation, compliance with RCRA and CERCLA,
restoration, waste management, and repositories. Prepa-
rations have begun and will continue during 1993.
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Weapons Complex Modernization
Programmatic Environmental
Impact Statement

The RL contractors assisted Argonne National Labora-
tory in preparing a draft EIS (DOE 1991d), published in
April 1991, for siting, construction, and operation of a
new production reactor (NPR) to produce tritium. The
draft compares potential environmental and socioeco-
nomic impacts from the siting of an NPR at the Hanford
Site, Idaho National Engineering Laboratory, and the
Savannah River Plant. The technologies proposed for
tritium production are the light-water reactor, modular
high-temperature gas-cooled reactor, and heavy-water
reactor. The sites were evaluated regarding each of the
three technologies. At the Hanford Site, the light-water
reactor would be WNP-1, which is 63% complete. The
fuel/tritium target fabrication and tritium processing
would be housed in the existing Fuels and Materials
Examination Facility in the 400 Area.

In November 1991, DOE announced that it will incorpo-
rate the environmental impact analysis for the DOE NPR
capacity proposal into the Weapons Complex Moderni-
zation Programmatic Environmental Impact Statement
and include NPR siting and technology decisions in the
Weapons Complex Modernization Record of Decision.
The DOE invited the public to comment on incorporating
the tritium capacity analysis on November 29, 1991

[56 Federal Register (FR) 60985]. The implementation
plan takes the resulting comments into account. During
1992, public comments were received. No further
actions occurred.

Executive Order 11988 -
Floodplain Management

To minimize potential harm to or within the 100-year
floodplain as it relates to the Columbia River, the

Compliance Status

potential effects of actions taken in the floodplain at the
Hanford Site are evaluated and alternatives are con-
sidered when necessary to avoid adverse effects and
incompatible development within the floodplain. The
evaluations are made in one of two ways: either con-
currently with the NEPA process, or separately, with the
required public notice and statement of findings pub-
lished in the FR. If the action requires an environmental
assessment, the floodplain assessment must be incorpo-
rated. The statement of findings may be incorporated in
a finding of no significant impact. If the action does not
require an environmental assessment, the floodplain
assessment accompanies an information bulletin. Three
floodplain/wetlands assessments were writtenin 1991
and 1992, and included in NEPA documentation.

Executive Order 11990 -
Protection of Wetlands

Protection is considered for any action proposed in a
wetland at the Hanford Site to minimize the destruction,
loss, or degradation of those wetlands. An evaluation
takes into account environmental concerns and is con-
ducted either concurrently with the NEPA process or
separately, with the required public notice published in
the FR. If the action requires an environmental assess-
ment, the wetlands assessment must be incorporated.
The statement of findings may be incorporated in the
findings of no significant impact. If the action does not
require an environmental assessment, the wetlands
assessment accompanies an information bulletin.

DOE issued regulations to support compliance with these
two executive orders. In 1979, 10 CFR 1022, “Compli-
ance with Floodplain/Wetlands Environmental Review
Requirements,” was published to address the protection
and preservation of floodplains and wetlands. 10 CFR
1022 requires that the documentation for floodplains and
wetlands assessment be prepared concurrently with and
incorporated into the NEPA documentation.
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2.3 Current Issues and Actions

Progress has been made toward achieving full regulatory
compliance at the Hanford Site. Ongoing self-assess-
ments of the compliance status, implementation of the
Tri-Party Agreement, and public meetings continue to
identify environmental compliance issues. These issues
are discussed openly with the regulatory agencies and
with the public to ensure that all environmental compli-
ance issues are addressed.

Hanford Federal Facility
Agreement and Consent
Order (Tri-Party Agreement)

Originally signed on May 15, 1989, the Tri-Party Agree-
ment is an agreement among EPA, Ecology, and DOE to
achieve compliance with CERCLA remedial action pro-
visions and with RCRA treatment, storage, and disposal
unit regulation and corrective action provisions. The Tri-
Party Agreement 1) defines and ranks RCRA and CERCLA
cleanup commitments, 2) establishes responsibilities,

3) provides a basis for budgeting, and 4) reflects a con-
certed goal of achieving full regulatory compliance and
remediation, with enforceable milestones, in an aggres-
sive but achievable manner. Milestones scheduled for
1992 were completed. Included in these completed
milestones were the following activities:

»  Two RCRA Part B permit applications and four
closure plans for Hanford treatment, storage, and
disposal facilities were submitted to Ecology.

+  Ten Aggregate Area Management Study
Reports for the 200 Areas of the Hanford Site
were submitted to Ecology.

o Actions to meet 38 Tri-Party Agreement milestones
dealing with management of liquid effluents at the
Hanford Site were completed.

+  Twenty-six RCRA ground-water monitoring
wells were installed.

At the end of 1992, a total of 234 enforceable Tri-Party
Agreement milestones [to include fiscal years (FY) 1989
through 1992] had been completed on or ahead of sched-
ule. Four milestones in FY 1992 were not completed as
planned. DOE was assessed penalties for failure to
follow change procedures in the Tri-Party Agreement.

Two of the Tri-Party Agreement milestones (M-05-03
and M-05-04) require the stabilization of 13 single-shell
tanks. In August 1991, Headquarters (HQ) halted prog-
ress on stabilizing the tanks to resolve the issue of poten-
tially adding liquid to “watch list” (Public Law 101-510,
Section 3137 Wyden Amendment) tanks. “Watch list”
tanks include those that contain ferrocyanides, hydrogen-
gas-generating waste, high-heat-generating waste, and
waste with high concentrations of organic chemicals.
Safety issues still exist with single-shell tanks, and
pumping continues to be affected. Because of these
safety issues, a change request was submitted by DOE to
delay the milestone for the “Interim Stabilization of an
additional nine single-shell tanks” (M-05-04), due in
September 1992. This milestone will be completed
when the safety issues can be adequately resolved.

Another milestone (M-14-00) requires the construction
and operation of a low-level mixed-waste laboratory.
DOE proposed redefining the milestone to require DOE
to provide the necessary laboratory capacity to handle
Tri-Party Agreement analytical requirements through
privatization. An agreement was reached to use com-
mercial laboratories, with penalties assessed for failure
to comply with the Tri-Party Agreement, if mandated
sample turnaround times are not met with commercial
laboratories. In addition, the agreement requires the
procurement of local laboratory facilities.

An extension was requested for a milestone requiring the
evaluation of additional double-shell tank requirements
(M-31-02), so that necessary information on future tank
needs may be incorporated from the ongoing tank waste
remediation system planning and integration effort. This
planning and integration effort became necessary in part
because of the determination that B Plant could not meet
RCRA requirements allowing tank waste pretreatiment
and because of the need to address tank waste safety
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issues. The request for extension was denied by the EPA
and Ecology and dispute resolution, as provided by the
Tri-Party Agreement, was entered to reach a resolution
on this issue.

DOE, EPA, and Ecology approved a third amendment to
the Tri-Party Agreement in August 1992 that extends the
review and revision time periods for RCRA Part B per-
mit applications and closure plans. This amendment
became necessary because of the complexity of permit-
ting and/or closing facilities at the Hanford Site.

DOE, EPA, and Ecology approved a change that added
84 new milestones to the Tri-Party Agreement in the area
of liquid effluents in August 1992. Numerous public
comments were generated related to continued discharge
of liquid effluents at the Hanford Site and the change.
Resolution of these comments required renegotiation of
some of the 84 milestones and the adoption of restric-
tions on the volume to be discharged from some of these
streams. This change package also deleted the proposed
milestones for the decontamination laundry facility
because DOE will pursue a private, offsite vendor for
those services.

The Tri-Party Agreement requires the preparation of
individual work plans for conducting remedial investiga-
tion and feasibility study work on the approximately 80
designated operable units. The work is being actively
conducted at selected operable units on the Site in
accordance with the schedules stipulated in the Tri-Party
Agreement action plan.

The liquid effluent study (WHC 1990), which was agreed
to as part of the Tri-Party Agreement negotiation, was
transmitted to EPA Region 10 and Ecology in the third
quarter of 1990. EPA and Ecology reviewed the liquid
effluent study documents and provided comments. Ecol-
ogy has approved all liquid effluent sampling plans and
quality assurance project plan for the liquid effluent study.

Hanford Future Site Use/
Cleanup Strategy

Potential long-term future uses of Hanford Site land
strongly influence decisions about cleanup strategies and
cleanup standards. Understanding public and other

affected parties’ visions of potential future Site uses will
help DOE make cleanup decisions that will be publicly
supported and that will stand the test of time.

The DOE, in cooperation with other interested partici-
pants, is supporting a process to actively seek public
input to the development of cleanup strategies, taking
into consideration potential future Site uses.

Hanford Future Site Uses
Working Group

The Hanford Future Site Uses Working Group was
formed in early 1992 by an organizing committee made
up of federal, tribal, state, and local governments. The
Working Group was charged with developing a range of
future use options for the Site and assessing the implica-
tions of those uses on cleanup. The Working Group
brought governments and representatives of a wide vari-
ety of constituencies together to discuss their respective
future visions for the Hanford Site. The Working Group
did not seek consensus on one single vision, but endeav-
ored to provide decision makers with a full range of
visions for the future. Cleanup decisions necessary to
make these future use options possible will be analyzed
in depth in an upcoming environmental impact
statement.

The members of the Working Group included representa-
tives of federal, state, tribal, and local governments;
business, agricultural, and economic interests; academia;
environmental groups; and groups with a special interest
in the Hanford Site.

The Working Group met monthly from April 1992 to
December 1992. The Working Group engaged in a
joint education process to bring all of its members to
a common base of understanding about the Site.

They accomplished this by bringing in experts to address
the Working Group on topics that included the history
of the Site from the perspectives of Native Americans,
settlers, and the federal government; the habitat that

the Site provides for plants and animals; the economic
impact of the Site on the Tri-Cities; and the contamina-
tion on the Site and technologies available to deal with
that contamination.
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Using a series of maps to illustrate the various natural
and artificial features of six geographic areas of the Site
(Figure 2.2), the Working Group considered the distinct
features of each area and then developed a list of poten-
tial future uses for that area. The Working Group took
these future use options and developed cleanup scenarios
to describe how clean parts of the Site would need to

be to accommodate the future uses. Future uses were
described in generic terms, such as agriculture or wild-
life, rather than in specific terms such as cherry orchards
or elk herds.

The six geographic study areas (see Figure 2.2) are:

¢«  ALE—The southwest section of the site, kept
undisturbed for security and safety reasons, is
currently the Site of studies into the ecology
and habitat of shrub-steppe lands.

«  North of the River (Wahluke Slope)—The area north
of the Columbia River, kept undeveloped
as a security buffer, is currently designated in
part as a wildlife refuge managed by the U.S.
Fish and Wildlife Service. The remainder is a
wildlife recreation area managed by the
Washington Department of Wildlife.

¢ Central Plateau or 200 Areas—These areas are
where nuclear materials were processed, much
of the wastes are stored, and much of the known
contaminants are concentrated.

¢ Columbia River—The stretch of the river that
runs through the Site, known as the Hanford
Reach, is home to spawning grounds for more
than a third of the river’s fall chinook salmon.

+  Reactors on the River—The area along the river
contains nine retired plutonium production reactors
and the land in between. Eight of the reactors were
shut down by 1971; the ninth (N Reactor) was shut
down in 1988.

e All Other Areas—This area consists of all of the Site
that is not included in the other geographic areas.
This includes the 300 and 1100 Areas just north of
Richland, the Washington Public Power Supply
System, the Pacific Northwest Laboratory,
as well as large tracts of relatively undisturbed land
between those facilities.

Current Issues and Actions

The Working Group developed a set of nine major
recommendations for the Site as a whole. These recom-
mendations, as well as the future use options and cleanup
scenarios, are documented in the Working Group’s final
report, “The Future of Hanford: Uses and Cleanup.”

The Working Group’s recommendations were:

«  protect the Columbia River—At some locations on
the Site, contaminants are known to be entering the
river. Stopping actual and potential contamination
of the Columbia is a high priority.

e deal realistically and forcefully with ground-water
contamination—The Working Group recommended
that ground water should not be used if it would
jeopardize public health or safety or adversely
change hydrologic conditions, increasing the speed
of contaminated ground-water flow to the Columbia
River. The Working Group expected that ground
water would ultimately be cleaned up once technol-
ogy for ground-water cleanup advances.

» use the Central Plateau wisely for waste manage-
ment—Wastes from throughout the Site should be
concentrated in the Central Plateau (including and
surrounding the 200 Areas). Within the Central
Plateau, the Working Group suggested that waste
storage, treatment, and disposal activities be con-
centrated to minimize the amount of land devoted
to or contaminated by waste management activities.

* do no harm during cleanup or with new develop-
ment—The primary goal of cleanup is to protect
human health and public safety. In addition, envi-
ronmental values of the Site are to be protected
and restored. Decisions dealing with cleanup and
possible development should be guided by the
principle, “do no harm.”

» cleanup of areas of high future use value is impor-
tant—The Working Group believed that areas of
high future use value should be candidates for
priority cleanup action. They identified two types:
areas that could contribute to the productive devel-
opment or use of the Site for other purposes and
areas that could be cleaned up quickly fora very
small percentage of the cleanup budget, making
large tracts of land available for other uses.
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clean only to the level necessary to enable a future
use option to occur—The Working Group believed
that some future uses could occur even if some
residual contamination remained. For example,
industrial uses do not require the level of cleanup
that agricultural uses would. In some cases the
activity required to clean soils or ground water
might be detrimental to an area designated for
wildlife.

transport waste safely—The Working Group
recognized that decisions related to Hanford
cleanup will require the transportation of radio-
active and hazardous materials within the Site,

as well as to and from the Site. Such transporta-
tion will require close cooperation between DOE
and tribal, state, and local governments. The
Working Group endorsed the Hazardous Materials

Management Emergency Response Training Center.

capture economic development opportunities
locally—DOE has announced its intentions to
leave Hanford after completing cleanup (Quayle
1993). The Hanford portion of the region’s eco-
nomic base must ultimately be replaced by
non-DOE activities within the state. The Working
Group urged DOE and its contractors to factor
local development and economic diversification
into cleanup decisions. Research and development
necessary for cleanup should occur in a manner
that creates additional private sector economic
development opportunities.

involve the public in future decisions about
Hanford—Public involvement and consultation must
be incorporated into future decision-making

at Hanford. The Working Group process should

be a model for involving the public. The public
should be consulted on decisions involving trans-
portation and emergency preparedness, economic
development, the reservation of parts of the Site

by DOE for other missions, use of ground water,
and exposure risk resulting from land use decisions.

The Working Group completed its final report in
December 1992.

Current Issues and Actions

The Columbia River’s
Hanford Reach

The Hanford Reach is an 84-km (52-mi) stretch of the
Columbia River from Priest Rapids Dam to the head of
Lake Wallula near Richland. Congress passed a law
(Public Law 100-605) in 1988 requiring a comprehensive
study of the Hanford Reach. The Secretary of Interior, in
consultation with the Secretary of Energy, was to take
two actions: 1) inventory and evaluate the river’s
resources, and 2) develop and analyze a series of protec-
tion alternatives, including designation of the Reach in
the National Wild and Scenic Rivers system. The
Department of Interior was to have presented its study
and a final EIS to Congress by November 1991; how-
ever, this has not yet occurred.

The law states that for 8 years (beginning 1988), no
federal agency may construct any dam, channel or
navigation project. It also requires that all other
activities, to the extent practicable, be planned and
implemented to minimize adverse impacts on the
river’s resources. As a means of complying with the
law, RL notifies the National Park Service of all
proposed activities subject to the National Park
Service’s consultation and coordination process
agreed upon by the two involved agencies.

Analysis of the alternatives began in May 1990.

Options range from establishing a resource protection
area, to taking no action. Which state or federal agencies
would manage the area, whether development would be
limited, and how far from the shore the protection would
extend are among other issues to be addressed in the EIS.
For example, if the Hanford Reach were declared a -
National River, the National Park Service would preserve
the river in its natural state and allow its resources to be
used but not changed, altered, or depleted.

The National Park Service is the lead agency for the
Department of Interior and announced its preferred
alternative in a draft EIS in 1992. A public comment
period followed, and public hearings were held. The
final report to Congress will present the study team’s
final recommendation.
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Tiger Team Assessment
Corrective Actions

In June 1989, the Secretary of Energy announced a 10-
point initiative to strengthen safety, environmental
protection, and waste management activities at DOE
production, research, and testing facilities. The initiative
was part of the Secretary’s overall plan to ensure full
accountability in the areas of environment, safety, and
health, and to ensure that all DOE facilities achieve and
maintain full compliance with applicable federal and
state environment, safety, and health requirements.

Tiger Team assessments, one of the 10 points in the
initiative, were a high priority for DOE. The assess-
ments included, but were not limited to, the following
environment, safety, and health areas:

*  compliance with applicable federal, state, and local
regulations; permit requirements; agreements;
orders; and consent decrees

+  compliance with DOE order requirements for
environment, safety, and health activities

» adequacy of DOE and Site contractor environment,
safety, and health management programs, including
planning, organization, resources, training, and
relationship with regulatory agencies

« conformance with applicable best and accepted
industry practices

¢ identification of root causes.

The Hanford Site Tiger Team began evaluating Site
operations in May 1990. The Tiger Team presented its
findings to RL and state officials in July 1990. The
team’s report listed 105 separate findings, 266 concerns,
and 4 special issues; no findings were characterized as
representing an imminent danger. Eighty-four findings
were related to environmental issues. The documenta-
tion of the results of the assessment is published in
Tiger Team Assessment of the Hanford Site (DOE
1990e). A copy of this document is available at the
RL Public Reading Room in Richland, Washington.

In January 1991, RL submitted the draft of the Hanford
Site preliminary action plan to HQ. Comments were
subsequently received from HQ reviewers. The RL and
Hanford Site contractors have responded to those
comments. Through March 1991, resolution had been
achieved on 95% of all comments received. The Hanford
Readiness Task Force, composed of RL and Site contrac-
tor personnel, submitted a revised Hanford Site prelimi-
nary action plan in April 1991.

Anticipating formal approval of the plan, 766 total
actions were initiated in accordance with the plan and the
priority levels were assigned to each action. Progress
has been carefully tracked on closeout and interim
milestones. Delinquent actions have been carefully
analyzed to ensure no environmental or safety impact.
For 1992, 424 actions out of the total 503 environmental
actions have been completed and are awaiting closure by
HQ. Seventy-nine actions have been completed but are
awaiting verification by WHC Quality Assurance for
closure. Once closed, these actions will be reported

to HQ.

Plutonium Uranium
Extraction and Uranium
Trioxide Plants Status

Operation of the PUREX Plant to stabilize certain liquid
inventories was completed in FY 1990. Inventories of
solvent and nuclear materials remain, including liquid
uranyl nitrate hydrates, fuel from Hanford Site produc-
tion reactors, and organic materials. Transition of the
PUREX Plant to a minimum safe standby condition
began in FY 1991. Tanks and transfer routes were
closed off to prevent spills of remaining liquids and to
isolate incoming utilities from the process area.
Preparations toward shutdown began in 1992.

Preparation of the UO, Plant to process remaining inven-
tories of liquid uranyl nitrate hydrates continues. An
operational readiness review team was established, and
mechanical work was initiated to ensure safe operations.
The operational campaign was planned for mid-April
1993.
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Plutonium Finishing Plant
Restart

Reactivation of two process areas in the PFP will
stabilize materials held in the facility. This materials
stabilization campaign is in response to direction from
HQ to operate the PFP as necessary to stabilize and
prepare materials for long-term storage and to conduct
cleanout activities needed to improve the safety of the
facility.

A temporary restart of the Plutonium Reclamation
Facility, one of two active process facilities and the first
step in the stabilization process, will be initiated follow-
ing completion of the readiness review process. Residual
in-process chemically active recyclable liquids, sludges,
fluoride, and rags containing plutonium will be pro-
cessed to produce plutonium nitrate solutions. These
plutonium nitrate solutions will then be converted in the
other process facility, the Remote Mechanical C Line, to an
oxide form. Plutonium oxide is a stable form suitable for
extended storage. Restart of the Plutonium Reclamation
Facility is scheduled for mid-June 1993.

Evaluation of the PFP status with respect to selected
DOE Orders and implementation of the new PFP final
safety analysis report will also be performed before
Plutonium Reclamation Facility restart.

Hanford Waste Vitrification
Plant

The vitrification process is based on technology and
engineering developed at PNL. DOE has vitrification
plants at Savannah River, South Carolina, and West
Valley, New York. In addition, France, Germany, Great
Britain, and Japan have vitrification plants built or under
construction. Hanford Site engineers interact extensively
with engineers at these plants to exchange information
and learn from their successes and failures.

The Hanford Waste Vitrification Plant will be constructed
to treat much of the waste currently stored in double-shell
tanks. The high-activity fraction of waste resulting from
pretreatment of the stored waste will be immobilized into
borosilicate glass. The vitrified waste will be contained
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in steel canisters 3 m (10 ft) tall and 60 cm (2 ft) in diam-
eter. Canisters will be stored onsite until a permanent
repository is available.

When plant construction is at its peak, approximately
825 construction craft workers will be employed. Peak
construction is expected in 1994 and 1995.

The RL advised Ecology in December 1990 of technical
and programmatic concerns that may delay the start of
plant construction. To address these technical and pro-
grammatic concerns, RL initiated a systems engineering
risk assessment to evaluate the technical, safety, and
regulatory uncertainties in the Hanford waste vitrifica-
tion program.

Review of the draft findings from the vitrification sys-
tems risk assessment and negotiations between DOE,
Ecology, and EPA resulted in a decision that the program
for remediation of the Hanford Site tank wastes needed
to be redefined.

The redefinition of this program resulted in a reestablish-
ment of the programmatic baseline for the project. Asa
result, the start of construction on the plant was delayed
by 9 months, but the date for starting operations rernained
unchanged (December 1999). The definitive design,
approximately 50% complete, is scheduled for comple-
tion in June 1994.

Waste Receiving and
Processing Facility

The Waste Receiving and Processing Facility will treat
radioactive and mixed solid wastes at the Hanford Site.
To speed up initial certification of waste for shipment,
the project was divided into two phases. The first phase
uses established technology, which allows more time to
better define the remaining functions to be included in
the second phase. The conceptual design for first phase
(called Module 1) was completed in FY 1989. For the
second phase (Module 2), the design was completed in
FY 1992.

Module 1 will include the receipt of contact-handled
transuranic, mixed transuranic, low-level, and mixed
low-level solid wastes. These wastes will be received
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from storage or are newly generated. Newly generated
wastes originate either onsite or offsite and will be certi-
fied by the generator in accordance with the Hanford Site
radioactive solid waste acceptance criteria. Module 1 is
scheduled to be operational in FY 1996.

Module 2 will include the receipt of contact-handled
low-level mixed wastes, remote-handled transuranic
waste, waste in large boxes, and low-level category 111
waste suitable for nonthermal treatment. Uncertainties
in Waste Isolation Pilot Plant acceptance criteria led to
consideration of dividing Module 2 into two parts. The
low-level mixed waste will be treated to comply with
environmental regulations and Hanford Site waste accep-
tance criteria to permit permanent disposal. Module 2 is
scheduled to be operational in FY 1999. Module 1 oper-
ation is milestone M-18-00 and Module 2 operation is
milestone M-19-00 in the Action Plan of the Tri-Party
Agreement.

The retrieval of waste from underground retrievable stor-
age is divided into two phases. The first phase addresses
Trench 04C, which is believed to have intact containers
without external contamination. The second phase will
address the remaining 30,000 drums, located at the
Central Waste Complex, and may include degraded con-
tainers with significant external contamination.

Waste Tank Safety Issues

Several waste tank safety issues have potential impacts
on environmental restoration work planned for the
Hanford Site. Funding to perform environmental activi-
ties has been redirected to resolve safety issues regarding
the tanks. Also, because of these safety issues, work
control restrictions have been implemented, which has
slowed work in and around the tanks.

A Tank Waste Remediation Systems (TWRS) EIS tiering
from the Hanford Defense Waste EIS (DOE 1987b) is
planned to evaluate options for disposing of single-shell
tank wastes and addressing other tank issues. In the
record of decision for that EIS, the decision about how to
handle the wastes in the single-shell tanks was deferred.
Before a decision can be made, the wastes will need to
be characterized and technology will need to be devel-
oped for disposing of the wastes. Because of Tri-Party
Agreement milestones, this TWRS EIS’s schedule is
proposed for acceleration.

In December 1991, it was determined by HQ that the
TWRS EIS would also address the waste tank safety
issue. The TWRS EIS will reassess the entire tank safety
and tank waste treatment and disposal program.

Background

Between 1943 and 1964, 149 single-shell tanks were
built to store liquid radioactive wastes. Their capacities
range from approximately 208,000 L (55,000 gal) to

3.8 million L (100,000 gal). No wastes have been added
since November 1980, and much of the originally stored
waste has been pumped out. One-hundred and five tanks
have been stabilized. A stabilization program is in place
and is expected to be completed in 1996. Today, the
149 tanks hold about 140 million L. (37 million gal) of
waste. The waste is in three general forms: sludge,

salt cake, and liquid. The waste is a variety of types:
low-activity, high-activity, hazardous, or plutonium-
contaminated salt cake and sludge.

Twenty-eight double-shell tanks have been built since
1968 and used since 1970. The double-shell tanks now
contain about 76 million L (20 million gal) of liquid
radioactive waste. These tanks have a second steel wall,
and the space between the two walls is monitored for
leaks.

Sixty-six of the single-shell tanks have been classified as
suspected leakers. In 1979, to halt or reduce effects of
current and future leaks, removal of pumpable liquids
from the single-shell tanks to the double-shell tanks
began and continues today. Recent research shows that
more studies are needed before more liquids containing
ferrocyanide or large amounts of ignitable materials are
pumped from the single-shell tanks to the double-shell
tanks. The risks of concentrating waste in double-shell
tanks must also be evaluated.

Issues

Concerns have been raised about the potential of a ferro-
cyanide explosion and hydrogen gas accumulation in the
Hanford Site waste tanks. One issue is that under certain
conditions of chemical concentration, moisture, and tem-
perature, ferrocyanide and nitrates in the single-shell
tanks could release heat and potentially become explo-
sive. The other issue is that flammable hydrogen gases
may be trapped beneath the crust in five double-shell
tanks and 18 single-shell tanks. One tank in particular,
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101-SY (a double-shell tank), shows the largest accumu-
lation of trapped gases. The tank releases hydrogen gas
approximately every 100 days. During a September
1992 venting episode, a thermocouple tree on the tank
was contorted and bent. The equipment was removed
from the tank in early October 1992 because the condi-
tion of the equipment was considered an unacceptable
safety hazard in that the long piece of equipment might
scrape along the tank interior surface during subsequent
venting, possibly resulting in a spark. The DOE and
external oversight groups have concluded there is no
imminent danger to the public from any of the above
situations. '

Westinghouse Hanford Company’s Tank Waste Remedi-
ation System Division has the responsibility to identify
any hazards associated with the waste tanks and imple-
ment the necessary actions to mitigate or remediate those
hazards. Instrumentation to assist in these efforts is
being developed for placement in the hydrogen and the
ferrocyanide tanks, and ultimately in the tanks containing
unstable organic compounds, on an as-needed basis. A
mixer pump for tank 101-SY has been designed, which
will help reduce the buildup of the gases in the tank.
Installation is planned for mid-1993.

Information obtained from core samples, video pictures,
and monitoring of tank 101-SY as well as information
from detailed studies on the mechanism of flammable
gas formation and retention assists in understanding the
behavior of tank 101-SY. This understanding supports
the development of detailed mitigation strategies for that
tank. Work is continuing to characterize the other
flammable-gas tanks to determine the severity of the
hazard.

Studies with nonradioactive synthetic waste that dupli-
cate the waste streams which generated ferrocyanide
wastes have increased the understanding of the risk from
the ferrocyanide-containing tanks. This understanding
has been summarized in a “position paper” on ferrocya-
nide that is undergoing HQ peer review in 1993. Work
is just being initiated on assessing the risk from organic-
containing tanks.

In September 1992, the liquid level in single-shell tank
241-T-101 was noted to have dropped 6.6 cm (2.6 in.)
from a previously established liquid level of 112.3 cm
(44.2 in.). The level decrease was discovered following
maintenance on the liquid level indicating transmitter,
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which had been operating sporadically since December
1991. A review of the level history was initiated to
identify any trends. The in-tank photographs were
reviewed as were the drywell monitoring and surface
level history data. The level decrease was confirmed
by alternate level measurements and corresponded

to a 28,388-L (7,500-gal) liquid loss in the tank. In
October, this tank was declared an assumed leaker
based on liquid level measurements. Similar investi-
gations are under way for tanks 241-SX-103 and

241-SX-105.

In April 1992, an unreviewed safety question concerning
criticality safety at the Hanford high-level tank farms
was declared. The basis for this determination is that the
safety analysis reports for single- and double-shell tanks
regard a potential criticality as being incredible.
Westinghouse Hanford Cornpany determined that this
conclusion was not supported by technical data. Conser-
vative operating limits have been placed on the tanks by
RL. Westinghouse Hanford Company is continuing a
validation of existing data, in conjunction with newly
acquired data pertaining to the contents of each tank.

Waste Minimization

The Hanford Waste Minimization Program was designed
to meet the requirements of DOE Orders 5400.1 and
5820.2A, and HQ guidance consistent with EPA guide-
lines. The major elements of the program are management
support; employee training, awareness, and incen-

tives; program scope, objectives, and goals; waste mini-
mization assessments/audits; accurate cost accounting;
accurate waste accounting; technology transfer; and
program evaluation.

The program focuses on preventing the generation of
waste but also implements a strategy to reduce the volume
and toxicity of wastes that are nevertheless generated. In
order of priority, the program advocates 1) waste preven-
tion using source reduction and recycling techniques, 2)
treatment, and 3) disposal of wastes. Wastes targeted for
minimization include radioactive [high-activity, transuranic
(TRU), low-activity], radioactive mixed, hazardous
(RCRA), and non-hazardous solid wastes. The Site waste
minimization program is discussed in further detail in
Section 1.3, “Major Operations and Activities.”
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242-A Evaporator Status

The 242-A Evaporator remains in standby status pending
completion of four liquid effluent retention facilities.
Planned use of the first of three retention facilities is
scheduled for 1993. The PUREX Plant shutdown
eliminates the need for one retention facility.

The 242-A Evaporator is used to reduce the volume of
liquid wastes that are placed in storage in the
double-shell tanks. The retention facilities will be used
for the temporary storage of liquid condensate from the
242-A Evaporator until the liquid effluent treatment facility
is complete. The treatment facility is being designed and
constructed in the 200-East Area to remove listed
chemical constituents from the 242-A Evaporator process
condensate. The 242-A Evaporator has been upgraded to
extend its operational life beyond the year 2000 and is
being made ready for a return to service. Readiness
activities are expected to be completed by

May 7, 1993.

Submarine Reactor
Compartments

Eight defueled submarine reactor compartment disposal
packages were received and placed in Trench 94 during
CY 1992

The reactor compartment disposal packages are being
regulated by Ecology as dangerous waste because of the
presence of lead used as shielding and PCBs in the trans-
formers. In December 1989, DOE submitted to the state
a draft Part B permit application for low-level waste
burial grounds, including Trench 94. DOE is addressing
questions and comments from the state, including several
related to Trench 94, before submitting a revised permit
application.

Hanford Facility Danger-
ous Waste Permit

EPA and Ecology issued the draft Hanford Facility
Dangerous Waste Permit for public comment in January
1992. Extensive consolidated comments by HQ, RL and
its contractors, as well as comments from other interested

parties, were submitted to EPA and Ecology by mid-
March 1992. RL received a letter from Ecology in

April 1992 stating that permit issuance would be delayed
2 to 8 months because of the extensive comments re-
ceived. At this writing, the schedule for permit issuance
remains indefinite. Ecology and EPA have indicated that
another round of public comment will be needed on the
revised draft permit. When the permit is issued and in
effect, it will provide the foundation for all future
dangerous waste treatment, storage, and/or disposal
activities at the Hanford site in accordance with the
provisions of the Tri-Party Agreement.

International Environmental
Institute

The International Environmental Institute was estab-
lished by WHC in March 1992 to develop and maintain
an environmental resource center for the communication,
development, application and commercialization of envi-
ronmental remediation technologies and experience. The
Institute will accomplish this by utilizing the Hanford
Site as a unique environmental laboratory to create and
nurture partnerships among industry, government, aca-
demia, and the public. It is anticipated that agreements,
joint programs, and information exchanges will be
created to share Hanford’s facilities, expertise, and
experience with these other sectors. The Institute will
act as a window between Hanford and the outside world
to facilitate cooperative agreements and to assess exist-
ing environmental technologies throughout the world for
potential application at the Hanford Site. The overall
goal of the Institute is to increase the value of the federal
investment in the Hanford cleanup mission through
expedited exchange and sharing of technologies, train-
ing, and experience.

The International Environmental Institute now employs
240 people. Ongoing activities or projects incorporated
into the Institute include WHC Technology Integration
and Transfer, Privatization and Commercialization,
Hanford Science Center, and Technical Training and
Education. In addition to these activities, early efforts
toward the new objectives of the Institute have been
focused on identifying and assessing needs, opportuni-
ties, and benefits; developing strategies and objectives;
and creating new processes and mechanisms for working
cooperatively with the private sector.
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Self-Assessments

Several types of environmental sclf-assessments were
performed at the Hanford Site in 1992. These assessments
evaluated compliance with local, state, and federal require-
ments as well as self-imposed requirements. The major
focuses of the assessments were to:

e review the 222-S Analytical Laboratory operations
against EPA’s test methods (EPA 1982)

+ routinely assess permitted activities for
compliance with permit requirements

o assess satellite waste accumulation and 90-day
waste storage areas for compliance with waste
storage requirements

Current Issues and Actions

 routinely audit the low-activity waste generators’
program for organizational structure, methods used
to characterize waste, methods of packaging waste,
and methods used to store and accumulate waste

«  assess the requirements and implementation
of DOE Order 5820.2A, “Radioactive Waste
Management.”

In the future, the subjects of these self-assessments are
expected to be incorporated into and implemented by a
comprehensive self-assessment program being developed
at the direction of the Secretary of Energy.
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2.4 Environmental Occurrences

Onsite and offsite environmental releases of radioactive
and nonradioactive materials during 1992 were reported
to DOE as specified in DOE Order 5000.3A and to
federal and state agencies. The specific agencies noti-
fied depended on the type, amount, and location of the
individual occurrences. Generally, these materials
dispersed naturaily, were stabilized in existing waste
disposal sites, or were controlled and cleaned up. In
some cases an occurrence may be under continuing
observation and evaluation. During 1992, all unusual
and off-normal occurrences at the Hanford Site were
reported to the Hanford Site Occurrence Notification
Center. This Center is responsible for maintaining both a
computer database and a hardcopy file of event descrip-
tions and corrective actions. Copies of occurrence
reports are made available for public review in the RL
Public Reading Room located on the Washington State
University campus in Richland, Washington.

As defined in DOE Order 5000.3A, emergency occur-
rences “are the most serious occurrences and require an
increased alert status for onsite personnel and, in some
specified cases, for offsite authorities.” There were no
emergency occurrences in 1992.

Unusual occurrences are defined as nonemergency
occurrences that may have a “significant impact or
potential for impact on safety, environment, and health.”
There were 127 unusual occurrence reports filed during
1992 for PNL, WHC, and KEH. Several unusual
occurrences of environmental significance are summa-
rized below.

Off-normal environmental occurrences are referred to
as “abnormal or unplanned events or conditions that
adversely affect, potentially affect, or are indicative of
degradation in, the safety, environmental or health
protection performance or operation of a facility.” There
were 1,531 off-normal environmental occurrence reports
filed at the Hanford Site during 1992, covering every-
thing from battery acid spills and leaks from overheated
motor vehicle cooling systems to minor radiation
contamination problems. Because of the volume of
reported off-normal occurrences and their lack of
environmental significance, event summaries are not
included here.

Unusual Occurrences

Release of Contaminated Water
to the Ground (RL-KEH-1992-0061)

On June 30, 1992, approximately 34,701 L (9,168 gal) of
a highly dilute solution of water and calcium hypochlo-
rite were released to the soil in the 200-West Area when
a slipjoint failed on a newly installed sanitary pipeline.
The release occurred when two 25-cm (10-in.) sections
of the pipe separated during a scheduled chlorination
test. A similar large release occurred on this same
pipeline on July 15, 1992, but the amount of calcium
hypochlorite released was less than that required to be
reported under CERCLA. Concerns over the potential
fouling of the T Plant sanitary water supply affected the
use of sanitary water and imposed limitations on facility
operations. In the future, inspections of slipjoints shall
be increased, and the strength of slipjoints will be
enhanced by installing four equally spaced tie rods

at the joints.

Lithium Release (RL-WHC-300EM-1992-
0044)

During a procedure to remove residual lithium metal
from a pipeline and tank in the 324C Building (300
Area), the pipeline over-pressurized, ruptured, and
released lithium and lithinm compound aerosols to the
building. A small amount also escaped the building to
the atmosphere. The 324C Building and several adjacent
buildings were immediately evacuated. The rupture of
the pipeline occurred when the cleaning solution (acetic
acid) reacted with the residual lithium in the pipe,
creating a gas that over-pressurized the system. As a
result of this release, normal operations in part of the
324C Building were delayed for about 3 weeks, and
decommissioning of the contaminated piping system was
delayed several months. The amount of lithium materi-
als released to the environment was very small; there was
no reportable spill.
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Waste Tank Leak (rL-wHc-
TANKFARM-1992-0073)

Between December 2, 1991, and July 6, 1992, the fluid-
level indicator on waste tank 241-T-101 in the 200-West
Area operated only sporadically, and no reliable data on
liquid levels in the tank could be obtained. Following
repair of the gage in July, the liquid level in the tank was
found to have dropped 6.6 cm ( 2.6 in.). The reason for
this decrease is unknown but the tank was declared an
assumed leaker on October 4, 1992. 1t is estimated that
approximately 28,400 L (7,500 gal) of contaminated
fluid leaked to the surrounding soil before October 1992
when the level in the tank seemed to stabilize. Tank
241-T-101 was placed into service in 1944. Records
indicate it contains about 132,500 L (35,000 gal) of
drainable liquid and 390,000 L (103,000 gal) of sludge.
The tank is single shell and constructed of carbon steel; it
was not designed (o contain wastes for as long as it has.
The life of single-shell steel tanks is typically limited by
corrosion. The impact of this leak on the environment
around the tank cannot be accurately assessed until the
character and amount of the leak can be accurately

- determined. An investigation into the actual cause of
the fluid level drop is being conducted, and a detailed
action schedule has been published and is updated
weekly. The end goal of the schedule is to pump out

all of the drainable liquids from the tank. Pumping is
expected to commence in 1993.

Discharge to the Columbia
River (RL-WHC-NREACTOR -1992-0061)

On August 6, 1992, the monthly NPDES permit limit for
the release of total suspended solids was exceeded at
Outfall 003 in the 100-K Area. The discharge at this
outfall is from the 181-KE inlet screen backwash. The
release resulted from the buildup of corrosion products
and loose debris in the discharge system. As a result of
this accumulation of materials, the discharge has been
discontinued and an alternate disposal site is being
evaluated.

Oil Spill (RL-wHC-600EM-1992-0011)

More than 380 L (100 gal) of non-PCB oil (39 mg/L)
spilled from a transformer to the ground in the 100-B
Area on March 17, 1992. The reason for the spill is not
known but material failure may have been a causal

factor. A cleanup of the contaminated area resulted in
the generation of 125 drums of contaminated soil. There
was no permanent impact to the environment.

Radiation Leak (RL-WHC-TANKFARM-
1992-0074)

A small amount of highly radioactive fluid leaked to the
ground from a containment cask on October 1, 1992.

The cask, located in the 200-West Area, contained
contaminated equipment from waste tank 241-SY-101.
The equipment had been “triple rinsed” before contain-
ment but the high radiation readings associated with the
leakage indicates the equipment was somehow recon-
taminated. The mechanism for recontamination is not
known. The leak occurred because the containment cask
did not require a gasket around one of its entry portals
(a design flaw in the piston locking dog assembly). The
designer assumed that the cask would always be used
with the portal in a vertical position. Following this
incident, the cask portal design was modified to include a
gasket. The contaminated soil has been cleaned up, and
there was no permanent impact to the environment.

Waste Oil Contaminated with

Lead (RL-WHC-TPlant-1992-0018)

On May 7, 1992, waste oil was spilled at the 2706-T
Decontamination Facility in the 200-West Area. The
quantity spilled was reported as 52 kg (115 Ib) of waste
oil. The spill developed from a degraded 55-gal drum
leaking onto an asphalt radioactive mixed-waste, less-
than-90-day storage pad. The storage pad was cracked in
many places, and some of the spilled material may have
reached the underlying soil. Proper cleanup actions will
consist of removing the contaminated asphalt and taking
soil samples to determine if any further remediation is
required. Absorbent material was applied to the remain-
ing spill area, and the contaminated mixture was dis-
posed of properly. The content of the drum was identi-
fied as 50% viscous yellow oil (which contained 0.5 mg/
kg cadmium, 0.8 mg/kg chromium, and 12.8 mg/kg lead)
and 50% clear watermiscible liquid. The spill exceeded
the CERCLA-reportable quantity of 0.45 kg (1 1b) for
unlisted hazardous waste because of the concentration of
heavy metals (lead). As aresult, notifications were made
to the EPA, Ecology, DOH, Oregon State Department of
Energy, and the National Response Center. Even though
the spill exceeded the 0.45 kg (1 Ib) quantity, there was
no impact to personnel or the environment.
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2.5 Compliance Status Update
(January 1 to April 1, 1993)

The following summary supplements Section 2.2, to
address compliance with major environmental statutes
for the period January 1 to April 1, 1993, per DOE
requirements.

Compliance Status

Comprehensive Environmental
Response, Compensation, and
Liability Act

Expedited Response Actions

Expedited response actions for the following specific
waste sites are in progress at the Hanford Site. Status for
the period from January 1 through April 1, 1993, is given
below:

*  Carbon Tetrachloride Vapor Extraction—Vapor
extraction from the vadose zone beneath the
200-West Area began in February 1992. One
vacuum system is currently operating 24 hours per
day at a 14.2-m*/min (500-cfm) capacity. A second
system of this size was operational in February
1993. A third system and upgrades to the two
operating systems provided a total of 85 m*/min
(3,000 cfm) round-the-clock vapor extraction
program, which became functional March 31, 1993.

*  North Slope Disposal Site—The North Slope
(Wahluke Slope north of the Columbia River) is
located on the northern and eastern borders of the
Hanford Site. It was used by the U.S. Army for
missile sites and anti-aircraft gun emplacements
during the Cold War era. The guns and missiles
have been removed, but numerous physical hazards
associated with these facilities remain. Early
cleanup of the North Slope is desirable because the
area is accessible to the public; cleanup would also

free 492 km? (190 mi?) of Hanford land for other
uses. Field activities to date include soil sampling
and geophysical surveys.

Pickling Acid Cribs—Nitric and hydrofluoric acids
were used in the 1940s to clean or “pickle” galva-
nized pipe before the pipe being used in the con-
struction of the 100 Area reactors. The Pickling
Acid Cribs, located south of the White Bluffs
townsite, were used to dispose of used acid. No
radiological hazards are believed to be associated
with this site. Field activities conducted to date
include soil sampling, ground-penetrating radar
surveillance, and test pit excavations.

Sodium Dichromate Landfill—During Hanford's
early production years, sodium dichromate was
added to reactor cooling water to prevent pipe
corrosion. Empty chemical drums were placed in a
ravine and covered with soil. Construction debris
may also have been disposed of at this site. In
January 1993, EPA and Ecology recommended
excavation and removal of the debris to accomplish
a record of decision. Characterization activities
include soil sampling and geophysical surveys.
Field screening and laboratory analysis have not
revealed any contamination. Cleanup and excava-
tion activities were completed on April 13, 1993.
Over 4,000 crushed drums were excavated and sent
to the Central Landfill.

Riverland—Riverland is located in the northwest
corner of the Hanford Site, west of Highway 240.
The site was used to steam-clean and decontaminate
railroad cars of grease and low-level radioactivity
from 1943 to 1957. The area includes approxi-
mately 34 km? (13 mi?) of property and contained
two anti-aircraft gun emplacements. The facilities
were decommissioned in 1963. Recent site charac-
terization has been accomplished to determine if any
residual contamination exists that would conflict
with current release criteria.
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«  618-11 Burial Grounds—The 618-11 (WYE) Burial
Ground is located 12 km (7.5 mi) north of the 300
Area, adjacent to Washington Public Power Supply
System WNP-2. Low-level, intermediate, high-level
activity, and transuranic wastes from 300 Area
research facilities were disposed of into trenches,
caissons, and pipe storage units from 1962 to 1967.
Field screening and characterization results continue
to compare with release criteria.

» N Springs—An engineering study is being con-
ducted and will be completed April 30, 1993.

CERCLA-Reportable Releases

There were three releases under the CERCLA-reportable
quantity requirements between January 1 and April 1,
1993. The first spill involved a continuous release of
carbon tetrachloride during the solvent extraction process
at the Plutonium Reclamation Facility. The second spill
involved a small amount of antifreeze (ethylene glycol)
being released to an asphalt roadway in the 100-H Area.
The third spill involved a small amount of highly
concentrated PCB-contaminated oil being released in the
100-D Area. The PCB level for this spill was below the
CERCLA-reportable quantity, but was required to be
reported per 40 CFR 761.125(c)(1)(i). Absorbent
material was applied to the first and second spills, and
the contaminated mixtures were disposed of according to
the proper regulations. Appropriate notifications were
made to the National Response Center, Ecology, and
EPA in accordance with CERCLA. There was no impact
to personnel or the environment.

Emergency Planning and Com-
munity Right-To-Know Act

There were no new compliance issues identified regard-
ing the Emergency Planning and Community Right-To-
Know Act during the period from January 1 through
April 1, 1993.

Resource Conservation and
Recovery Act

Washington State Department of
Ecology

On January 15, 1993, DOE and WHC received a compli-
ance letter from Ecology, identifying violations and other

waste storage issues at tank 241-SY-101. The violations
noted include exceeding the waste accumulation limit of
120 days and compliance problems associated with
generator waste storage, pursuant to WAC 173-303-200
and WAC 173-303-630. DOE has issued a formal
response. No additional actions were necessary.

Hanford Part B Permit

The draft permit application was issued for public
comment on January 15, 1992. Comments by Ecology
were received. Responses to Ecology’s comments, as
well as pertinent changes, were submitted to HQ for final
review. Comments from HQ have not been received.
When the Part B permit is finally issued, the Hanford
Site Facility Permit will provide the foundation for all
future RCRA permitting at Hanford in accordance with
provisions of the Hanford Federal Facility Agreement
and Consent Order (Tri-Party Agreement).

Ground-Water Monitoring

Four wells were constructed for projects associated with
the 200 Area Effluent Treatment Disposal Facility.
Pursuant to WAC 173-160, a regulatory variance on well
299-W18-32 in the low-level burial grounds was issued
by Ecology for noncompliance with the construction
standards.

Clean Air Act

Compliance with the Revised 40 CFR 61
Emission Measurement Requirements

On February 3, 1993, the DOE and the Hanford Site
contractors received a Compliance Order from the EPA,
pursuant to Sections 113 and 114 of the Clean Air Act.
This Compliance Order requires DOE to comply with the
radionuclide NESHAP by evaluating radionuclide emis-
sion points at the Hanford Site and performing continu-
ous emission measurements, as specified by 40 CFR
61.93. In addition, EPA has required that DOE prepare a
written compliance plan by April 30, 1993, to address the
requirements of the Compliance Order. The compliance
plan must provide schedules for implementation and
monthly reporting of work completed and work planned
for the following month. EPA expects to use this sched-
ule as the basis for a Federal Facility Compliance Agree-
ment to be developed with DOE. This agreement will
formalize the schedule of emissions assessment and any
measurement compliance actions determined necessary.
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Washington State Department of Health

On February 2, 1993, the DOH issued a notice of viola-
tion for radioactive airborne emission issues related to
the proposed fuel encapsulation activities at the 100-KE
Fuel Storage Basins. The notice stated that DOE and
WHC have initiated work that directly supports fuel
encapsulation, without the DOH's approval, pursuant to
WAC 246-247. The notice formally directed DOE and

WHOC to stop all work at the 100-KE basins immediately.

DOE has formally responded to the notice and has initi-
ated a notice of construction. Formal discussions have
begun with the DOH. Final resolution is pending.

Prevention of Significant Deterioration

Under the PSD program within the Clean Air Act, the
PUREX Plant and UO, Plant nitrogen oxide emissions
are permitted. Emissions from the PUREX Plant essen-
tially ceased with the cessation of all cladding removal
and fuel dissolution in 1989. The UO, Plant did not
operate during 1991 or 1992; therefore, emissions were
negligible. Emissions are expected during the upcoming
UO, Plant stabilization campaign (mid-April 1993),
which will consist of a preconcentration phase and a
calcination phase. The campaign is expected to take
approximately 1 month to complete.

Clean Water Act

There were no compliance issues identified with NPDES
permitting requirements during the period from
January 1 through April 1, 1993.

Safe Drinking Water Act

There were no new compliance issues identified regard-
ing this Act from January 1 through April 1, 1993.

Toxic Substances Control Act

Radioactive waste with greater than or equal to 50 mg/L
PCBs is being stored at the Hanford Central Waste
Complex. Meetings with the EPA have commenced and
negotiations are continuing on a compliance agreement
for the storage of radioactive PCB waste, pursuant to 40
CFR 761. This agreement, between RL and the EPA
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Region 10, is intended to allow the acceptance and
storage of radioactive PCB waste at the Hanford Site
until an adequate disposal or treatment technology/
capacity is available and the accumulation of the stored
waste is eliminated.

Federal Insecticide, Fungicide,
and Rodenticide Act

There were no new compliance issues identified regard-
ing this Act from January 1 through April 1, 1993.

Endangered Species Act

There were no new compliance issues identified regard-
ing the Endangered Species Act from January 1 through
April 1, 1993.

National Historic Preservation
Act

There were no new compliance issues identified regard-
ing the National Historic Preservation Act from
January 1 through April 1, 1993.

Current Issues and
Actions

Liquid Effluent Consent Order

Consent Order DE 91NM-177 was signed December 23,
1991, by RL and Ecology regulating Hanford Site liquid
effluent discharges. This consent order contains compli-
ance milestones for Hanford liquid effluent streams
designated as Phase I, Phase I, and miscellaneous
streams. In accordance with terms of the consent order,
sampling and analysis plans have been submitted to
Ecology for the two project effluent streams. The UO,
Plant process condensate to the 216-U-17 Crib, the uo,
Plant wastewater to the 216-U-14 Ditch, the PFP waste-
water, and 400 Area secondary cooling water sampling
and analysis plans have been approved by Ecology. In
addition, the liquid effluent sampling quality assurance
project plan was approved by Ecology.

45



1992 Environmental Report

Hanford Federal Facility Agree-
ment and Consent Order

The following is a summary of the more significant
compliance events pursuant to the Tri-Party Agreement:

¢ Milestone M-14-00, “Complete construction and
initiate operations of a low-level mixed waste
laboratory,” was not completed as originally
established. The DOE determined that analytical
needs at the Hanford Site would be better satisfied
through the use of commercial laboratory facilities.
Dispute resolution was entered as provided by the
Tri-Party Agreement. A final resolution was
reached on January 11, 1993, which included an
agreement to use locally provided commercial
laboratories, but with penalties imposed for failure
to comply with the Tri-Party Agreement.

*  Definitive design of the new multifunction waste
tank facility was initiated.

*  Improved in-tank monitoring, a revised contingency
plan for leaks, and all physical preparations for
emergency pumping of liquids were implemented
for single-shell tank T-101.

¢ Construction of the Hanford Waste Vitrification
Plant Canister Storage Building/Multipurpose
Storage Building was initiated.

* A draft RCRA closure plan for the 100-D Pond was
completed and submitted to the EPA and Ecology.

*  On April 2, 1993, RL invoked dispute resolution for
the solid waste designation compliance issue
originated by Ecology’s Notice of Penalty
($100,000) and compliance order, March 10, 1993.
Approximately 2,000 containers of solid waste were
an alleged violation of WAC 173-303-170(1)(a) and
the implementation of WAC 173-303-070. On
March 10, 1993, DOE and WHC received a Notice
of Penalty Incurred and Due for failure to designate
these solid wastes as dangerous or extremely
hazardous to public health and the environment.

Federal Facility Compliance
Agreement

The Federal Facility Compliance Agreement establishes
that federal facilities do not have sovereign immunity
from state enforcement of environmental laws. This
agreement includes a 3-year moratorium on enforcement
of mixed-waste land disposal restriction requirements.
The moratorium requires that DOE facilities which
generate or store mixed wastes prepare a mixed-waste
treatment plan, except for facilities that are currently
covered by a permit, agreement, or order which estab-
lishes a schedule for treatment of these wastes. The
Hanford Site, through the Tri-Party Agreement, has such
an agreement and therefore is not required to submit a
site treatment plan. DOE has discussed this issue with
Ecology and EPA, requesting their confirmation that a
plan is not required. DOE received EPA concurrence
with this view on March 18, 1993, and is awaiting a
response from Ecology.

Waste Minimization

The EPA Biennial Waste Minimization Report was
completed in March 1992, RL issued guidance to create
semiannual progress repotts in support of implementing
the Executive Order 12780, on federal recycling and
affirmative procurement programs. The first progress
report was completed on December 15, 1992,

Pursuant to WAC 173-307, “Pollution Prevention
Planning,” a report on hazardous waste generation and
hazardous substance use was completed in August 1992.
The report was titled Executive Summary Hanford Site
Pollution Prevention Plan (DOE 1992j). Process waste
assessments are continuing in 1993,

Tiger Team Update

In July 1990, the Tiger Team identified 84 findings and
observations/best management practices related to
environmental issues at the Hanford Site. Progress is
being made on the completion of corrective actions
relative to the findings and is being carefully tracked.
As of March 8, 1993, 23 completed responses were
awaiting verification by WHC Quality Assurance.
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Hanford Waste Vitrification
Plant

The project was initially validated during FY 1987. The
detailed plant design was initiated by Fluor Daniel, Inc.,
in January 1990. The plant preliminary design was
completed during 1992 and early 1993. Construction
and site preparation, conducted by United Engineers &
Constructors-Catalytic, Inc., began in April 1992 and
continues. Construction is expected to be completed in
June 1998 and operations to begin December 1999. The
overall size of the vitrification building is 24,775 m?
(266,400 ft*).

Notice of construction for nonradioactive air emissions
from the vitrification plant was completed October 1992
and submitted to Ecology for review and comment. The
public comment period ended March 5, 1993. Ecology
comments are being addressed with approval expected
by midyear.

Notice of construction for radioactive air emissions from
the vitrification plant also was completed October 1992.
The permit application was submitted to DOH and
approval is expected early 1993.

Hanford Site Waste Safety
Issues

At various times in the past 10 months, surface-level
monitoring instrumentation on single-shell tank 241-T-
101 has shown unexpected fluctuations in waste surface
levels. Extensive investigations have been conducted to
determine the cause of the problem. Similar investiga-
tions are under way for single-shell tanks 241-SX-103
and 241-SX-105.

Results from core samples taken from double-shell tank
101-SY during 1992 are being analyzed to further
understand the complex chemistry of the tank. Work
was initiated to develop a mixer pump, which will be
installed mid-1993. The mixer pump will support efforts
to reduce the amount of gas buildup in the tank.

International Environmental
Institute

Consistent with the goal of the Institute to increase the
value of the federal investment in the Hanford cleanup
mission through expedited exchange and sharing of
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technologies, the Institute hosted the “Technology
Alliances Workshop” at Pasco, Washington, in January
1993. Attended by over 120 representatives from DOE,
DOE contractors, and private industry, the focus of the
workshop was to discuss new ways to contribute to the
economic development of the country by improving the
return on investment from the DOE’s Environmental
Restoration and Waste Management programs and
performing Site cleanup activities safer, better, cheaper,
and faster.

Recent economic transition activities of the Institute
include establishment of the Economic Transition
Cabinet with the economic development directors of
Washington, Oregon, and Idaho; initiation of the

Hanford Environmental Industrial Complex; and work
toward redeployment of a 3,000-ton extrusion press to
the city of Richland. Work is also under way on the
Hanford-Tri-Cities Salmon Rearing Project Cooperative
Research and Development Agreement involving WHC,
PNL, the Washington State Department of Fisheries, and
Tri-Cities Industrial Development Council, for creation
of a salmon hatchery on the Site. In addition, the
Institute sponsored a 6-week Hanford assignment of
Professor Zinfer Ismaguilov from the Institute of
Catalysis at Novosibirsk, Russia. Dr. Ismaguilov was
here to review the environmental restoration mission of
the Site and to identify possible areas for collaboration or
application of technologies between the Russian Institute
and Hanford.

Russian - U.S. Environmental
Restoration Workshop

In April 1993, DOE and other agencies sponsored a
2-week workshop to share experiences with scientists
and decisionmakers from institutes associated with
nuclear sites in Russia. Representatives from WHC,
PNL, and the U.S. Environmental Training Institute
coordinated the workshop, which focused on character-
ization and cleanup strategies for radiologically contami-
nated sites. A delegation of high-level officials from
Russia participated. The first week was held in Wash-
ington, D.C., where the Russian scientists were presented
with a national perspective on cleanup issues. The
second week was held at the Hanford Site. Among the
topics discussed were decontamination and decommis-
sioning of nuclear facilities, waste tanks, contaminated
soils and ground water, and public involvement, as well
as associated environmental technologies.
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3.0 Effluent Monitoring Information

Monitoring effluents and solid waste generated by
Hanford Site facilities is essential for determining result-
ing effects to the public, workers at the Site, and the sur-
rounding environment. Hanford Site contractors have
programs to measure liquid and airborne effluents and
manage solid waste and chemical inventories. Effluents
are almost always monitored at the point of release into

the environment (facility effluent monitoring). Once in
the environment, the effects of effluents on soil, vegeta-
tion, and biota near effluent-producing facilities are eval-
vated (near-facility environmental monitoring). Solid
waste and chemical inventories are tracked much in the
same manner as effluents. This section summarizes
these programs and the data for 1992 collected by them.
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3.1 Facility Effluent Monitoring

Effluents (liquid effluents and airborne emissions) that
may contain radioactive or hazardous constituents are
continually monitored when released at the Hanford Site.
Facility operators perform the monitoring mainly through
analyzing samples collected near points of release into
the environment. Facility effluent monitoring data are
evaluated to determine their degree of compliance with
applicable federal, state, and local regulations and per-
mits and to assess the effectiveness of treatment and con-
trol systems and effluent management practices. Data
evaluations are important components in sound environ-
mental management decisions. Major facilities have their
own individual éffluent monitoring plans, which are part
of the comprehensive Site environmental monitoring
plan required by DOE (DOE 1991b).

Measuring devices quantify most facility effluent flows,
with a smaller number of flows calculated using process
information. Liquid and airborne effluents with a poten-
tial to contain radioactivity at prescribed threshold levels
are monitored for total alpha and total beta activity and,
as warranted, specific alpha-, beta-, and gamma-emitting
radionuclides. Nonradioactive constituents are also
monitored, as applicable.

The majority of radioactive effluents from facilities at
the Site are approaching levels practically indistinguisha-
ble from the contributions of natural background radioac-
tivity. The new Site mission of environmental restoration
rather than nuclear materials production is largely
responsible for this favorable trend, which translates to a
very small offsite radiation dose effect attributable to
Site activities. Consistent with these conditions of
diminishing releases, totals of radionuclides in effluents
released at the Site in 1992 are not significantly different
from totals in 1991. Small quantities of the radionu-
clides *H, “'Ar, 28, 1297 212P, 238py, 29240Py, and M AMm
were present in airborne and liquid discharges during
1992. These monitored releases accounted for most of
the offsite dose attributed to Site activities. Figure 3.1
depicts releases over the past 6 years of several long-
lived radionuclides. Both radioactive and nonradioactive
constituents in effluents were below applicable standards
in 1992.

Effluent release data are reported annually to RL and the
public. This reporting is required by DOE Orders 5484.1,
“Environmental Protection, Safety, and Health Protection
Information Reporting Requirements,” and 5400.1,
“General Environmental Protection Program.” In com-
pliance with the NESHAP statutes, a report documenting
radioactive airborne effluents at the Hanford Site is sub-
mitted each year to EPA by RL. Onsite radioactive
liquid and airborne effluent data are also reported
annually to the Idaho National Engineering Laboratory
via the Effluent Information System/Onsite Discharge
Information System (DOE 1987a). Monitoring results
on liquid streams regulated by the NPDES permit are
reported monthly to EPA. Data on nonradioactive
emissions from fossil-fuel boilers are reported annually
to the Benton-Franklin-Walla Walla Counties Air
Pollution Control Authority.

Airborne Emissions

Radioactive Airborne Emissions

Radioactive airborne emissions may consist of radioac-
tive particles, radioactive noble gases, and volatile forms
of radionuclides. Radioactive emissions having the
potential of exceeding 1% of the offsite dose standard are
continuously monitored.

Monitoring of radioactive emissions consists primarily of’
analyzing samples continuously collected before the
point of discharge. Samples are analyzed for total alpha
and total beta activity and selected radionuclides. Selec-
tion of the specific radionuclides that will be sampled,
analyzed, and reported is based on 1) an evaluation of
emissions expected from the known radionuclide inven-
tories in the facility, 2) criteria for sampling given in the
contractor environmental compliance manual, and 3) the
potential contribution to the offsite dose received by
members of the public from radioactive emission con-
stituents. Continuous radiation monitoring systems are
used at certain discharge points to the environment when
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Figure 3.1. Radioactive Emissions to the. Atmosphere (Krypton-85, lodine-129, and Plutonium-239, 240),
and Liquid Effluent Releases of Tritium to Ground Disposal Facilities, and Strontium-90 to the Columbia
River, 1987 through 1992. Releases of some radionuclides have been very low over the last few years
and appear to be zero (no bar) on the graphs.
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the potential exists for emissions to exceed normal oper-
ating ranges by amounts requiring immediate personnel
alert.

Radioactive emission discharge points are located in the
100, 200, 300, 400, and 600 Areas. The sources for
these emissions are summarized below:

+ Inthe 100 Areas, emissions originate from the now-
shutdown N Reactor, two irradiated-fuel storage
basins, and a radiochemistry laboratory. Eight
radioactive emission points were active during 1992.

»  The 200 Areas contain facilities for nuclear-fuel
chemical separations, processing, waste-handling
and disposal, and electrical power generation using
fossil fuels. Primary sources of radionuclide emis-
sions are the PUREX Plant, the UO, Plant, the PFP,
T Plant, the 222-S Analytical Laboratory, tank farms
for waste storage, underground storage tanks, waste
evaporators, and a laundry facility. During 1992,

71 radionuclide and emission points were active in
the 200 Areas.

o The 300 Area primarily contains laboratories,
research facilities, and a fossil-fuel-powered steam
plant. Radioactive emissions arise from research
and development and waste-handling activities.
Thirty-nine radioactive emission sources were active
in the 300 Area during 1992.

o The 400 Area has the FFTF, the Maintenance and
Storage Facility, and the Fuels and Materials Exami-
nation Facility. Operations and support activities at
FFTF and the Maintenance and Storage Facility
release small quantities of radioactive emissions.
The 400 Area had four active radioactive emission
sources during 1992.

»  The 600 Area encompasses the remaining portions
of the Hanford Site not assigned to other areas. The
600 Area has two minor radioactive air emission
points.

A summary of radioactive airborne emissions at the
. Hanford Site in 1992 is given in Table 3.1.

Effluent Monitoring at Hanford

Nonradioactive Airborne
Emissions

Nonradioactive emissions are monitored when they have
the potential of exceeding 50% of applicable standards
for nonradioactive constituents. Monitoring of nonra-
dioactive air pollutants from power-generating and
chemical-processing facilities is conducted when activi-
ties at a facility are known to potentially generate the
pollutants of interest. Nitrogen oxides, for instance,
would be potentially present in emissions from the
Uranium-Trioxide (UO,) Plant should it operate again.
Therefore, monitoring for NO_would be conducted con-
tinuously while the plant was operating. This type of
monitoring is required by the PSD permit (No. PSD-
X80-14). Powerhouse emissions of particulate matter,
sulfur oxides, nitrogen oxides, volatile organic com-
pounds, carbon monoxide, and lead are reported in
accordance with the air quality standards established by
the Tri-Counties (Benton-Franklin-Walla Walila
Counties) Air Pollution Control Authority. These emis-
sions are calculated from quantities of fossil fuel con-
sumed, using EPA-approved calculations. Should activi-
ties in the 200 Areas generate emissions of ammonia or
ammonium hydroxide in excess of a CERCLA-reportable
quantity, the release totals are reported annually to EPA.
Table 3.2 summarizes emissions of nonradioactive con-
stituents (the 400 and 600 Areas have no nonradioactive
emission sources of concern).

Liquid Effluents

Radioactive Liquid Effluents

Effluents that normally or potentially contain low levels
of radionuclides are found in the 100, 200, and

300 Areas. These effluents include cooling water, steam
condensates, process condensates, laundry wastewater,
and wastewater from laboratories and chemical sewers.
These wastewater streams are sampled and analyzed for
total alpha and total beta activity and selected alpha-,
beta-, and gamma-emitting radionuclides. Radicactive
liquid effluents classified as high-level wastes are stored in
double-shell tanks or monitored interim-storage facilities.
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Table 3.1. Radionuclides Discharged to the Atmosphere, 1992

Release, Ci®

Radionuclide Half-Life 100 Areas 200 Areas 300 Area 400 Area
*H (as HTO)® 123 yr 35
*H (as HT)® 12.3 yrv 95
M Ar 1.8h 8.5
%Co 53yr 3.8x10°
0@ 28.8 yr 1.6 x 10+ 44x 10+ 5.7 x 10°
1%Ru 367d 3.7x10°
125Sb 2.7 yr 1.1 x 103
127 1.6 x 107 yr 3.0x107?
¥1Cs 30 yr 2.6 x 10* 23x10° 1.3x 10°
Pm 2.6 yr 1.7 x 10
134Eu | 16 yr 54 x10°
212pp 10.6 h 2.7x 1073
20Rn® 55.6s 34
»y 24 x 10° yr 5.2x 107 2.1x 10
=y 7x 107 yr 1.8 x 108 1.1x10°
0 23x 107yr 3.5x 108
B8y 45x 10°yr 3.5x 107 2.0x 108
#8py 87.7 yr 1.3x 10°® 1.3x 1073
239.240py 24 x 10*yr 8.7x10° 4.7x10* 43 x 10°¢ 2.1 x 10
Mipy 144 yr 39x10° 34x10°

HMAm 433 yr 5.1x10° 2.1x10*

(a) 1Ci=3.7x10"Bq.

(b) HTO = tritiated water vapor.

(c) HT = elemental tritium.

(d) *Sr values include total beta activity emitted from facilities at which *Sr is not directly measured.

(e) *°Rn value is calculated from ?'?Pb measurements.

(f) #°*%Pu values include total alpha activity emitted from facilities at which 2***Pu is not directly
measured.
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Table 3.2. Nonradioactive Constituents Discharged to the

Atmosphere, 1992

Constituent

Particulate matter

Nitrogen oxides

Sulfur oxides

Carbon monoxide

Volatile organic compounds
Ammonia

Lead

Release, kg
200 Areas 300 Area
7.0x 10° 37x10%
1.2x 10° 5.1x10*
42x 10 2.5x10°
1.0 x 10° 4.6x10°
1.5x 10° 2.6x10°
7.6 x 107 0.0
2.7x 10° 39

A summary of radioactive liquid effluents discharged to
ground disposal facilities in 1992 is given in Table 3.3.
Table 3.4 summarizes data on radionuclides released in
the 100 Areas to the Columbia River. Releases entering
the river via ground water are not measured directly but
are assessed through river water environmental surveil-
lance (Section 5.3). These measurements are used with
the direct effluent measurements to help determine
potential public doses.

Nonradioactive Hazardous
Constituents in Liquid Effluents

Monitoring for the potential presence of nonradioactive
hazardous constituents in liquid effluents is conducted in
the 100, 200, 300, and 400 Areas. These effluents are
typically discharged to cribs, ponds, ditches, trenches,
and the Columbia River (along the 100 Areas). Effluents
entering the Columbia River at designated discharge
points are sampled and analyzed to determine com-
pliance with the NPDES permit for the Site. Any liquid
effluent discharges exceeding a CERCLA-reportable
quantity in the 200 Areas are reported annually to EPA.
A summary of nonradioactive liquid effluents discharged
to ground disposal facilities in the 200, 300, and 400
Areas in 1992 is given in Table 3.5.

Liquid effluents containing nonradioactive hazardous
constituents in nonradioactive or otherwise radioactive

streams are stored at the 200 Areas in double-shell
storage tanks or monitored interim-storage facilities.
Activities in the 600 and 1100 Areas generate neither
radioactive nor nonradioactive hazardous liquid
effluents.

Chemical Releases

Releases of hazardous substances exceeding certain
quantities but that are continuous and stable in quantity
and rate must be reported as required by Section

103(f)(2) of CERCLA, as amended. In past years,
gaseous ammonia has been emitted from the PUREX
Plant, 241-AP Tank Farm, and 241-AW Tank Farm and
gaseous ammonia and ammonium hydroxide from the
242-A Evaporator. Emissions are monitored for those
compounds only when activities at a facility could
generate them. Waste ammuonia, for instance, was not
generated at the PUREX Plant because fuel decladding
activities, the only ammonia-generating source there,
ceased in March 1990. Also, ammmonia-bearing waste
was not processed at the 242-A Evaporator; therefore, no
waste ammonia was generated. Although the two tank
farms continued storing PUREX Plant ammonia-bearing
waste, they did not receive any new waste in 1992,
resulting in emissions substantially below applicable
reportable quantities.
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Table 3.3. Radionuclides in Liquid Effluents Discharged to

Ground Disposal Facilities, 1992

Release, Ci®

Radionuclide Half-Life 200 Areas 300 Area
H 123 yr 2.4

%Sy 28.8 yr 1.1x 10" 3.7 x 102®
PTe 2.1x10°yr 6.0x 102

1Cs 30 yr 3.0x 10!

Uranium, total 45x10°yr 4.6 x 1073

Py 87.7 yr 22x10°

239:240py 2.4 x 10* yr 1.4x 102 1.1 x 10%@
1Py 14.4 yr 9.2x 10

BAm 433 yr 4.1x10°

(a) 1Ci=3.7x109°Bq.

(b) Reported as total beta; assumed to be *Sr for dose calculations.

(c) Reported as total alpha; assumed to be 2*?*Pu for dose calculations.

Table 3.4. Radionuclides in Liquid Effluents
Discharged to the Columbia River from the 100

Release, Ci®

Areas, 1992

Radionuclide Half-Life
*H 12.3 yr

%Co 53yr

#Sr 28.8 yr
1Ry 367d

1238b 2.7 yr

¥Cs 30 yr

38pn 87.7 yr
39.240py 2.4 x10%yr

{a) 1 Ci=3.7x 10" Bq.

1

4.6x 10"
1.6 x 10
8.3x 1073
54x104
45x10°
29x10°
1.5x 107

Table 3.5. Nonradioactive Liquid Effluents
Discharged to Ground Disposal Facilities, 1992

Release, kg
Constituent 200 Areas 300 Area 400 Area
Total organic
carbon 50 x 10°
Nitrates 14 x 103 5.1 104
Nitrites 33 x100 22 10!
Sulfates 1.1 x10* 29 10°
Fluorine 1.8 x10* 3.1 10!
Copper 12 55 10!
Chromium 13 8.4 10!
Lead 3.5 2.6 10!
Cadmium 3.2 1.9 10!
Silver 6.8
Chlorine LT x10¢ 93 10°
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3.2 Near-Facility Environmental
Monitoring

Several types of environmental media are sampled near
nuclear facilities by Westinghouse Hanford Company to
monitor the effectiveness of waste management, effluent
treatment, and control practices. These media include
air, surface water and seeps, surface contamination, soil
and vegetation, special sampling (which can include
wildlife), and external radiation. The sampling, analy-
sis, and results for 1992 for each of these media are
summarized below. Additional information may be
found in Westinghouse Hanford Company Operational
Environmental Monitoring Annual Report, Calendar
Year 1992 (Schmidt et al. 1993).

Near-Facility Environmental
Monitoring at Hanford

Near-facility environmental monitoring is defined prin-
cipally as routine monitoring near facilities discharging
or having discharged radioactive or hazardous contami-
nants. The monitoring locations are associated mostly
with major nuclear facilities, such as the PUREX Plant
and N Reactor, and waste disposal facilities, such as
burial grounds, tank farms, ponds, cribs, trenches, and
ditches.

The purpose of the near-facility environmental monitor-
ing program is to ensure protection of human health and
the environment and to determine the status of compli-
ance with local, state, and federal regulations. Much

of the program consists of collecting and analyzing
environmental samples and methodically surveying areas
near facilities releasing effluents and waste streams.
The program also evaluates acquired analytical data,
determines the effectiveness of facility effluent mon-
itoring and controls, measures the adequacy of contain-
ment at waste disposal units, and detects and monitors
unusual conditions. The program implements appli-
cable portions of DOE Orders 5400.1, 5484.1, 5400.5,
and 5820.2A. )

Monitoring activities routinely include sampling and
monitoring near-facility ambient air, water from surface-
water disposal units, external radiation dose, soil, sedi-
ment, vegetation, and animals. Some of the parameters
typically monitored are pH, radionuclides, radiation
exposure, and hazardous constituents. Samples are col-
lected in known or expected effluent pathways. These
pathways generally are downwind of potential or actual
airborne releases and downgradient of liquid discharges.
The annual routine activities of near-facility monitoring
are summarized in Table 3.6, which shows the type,
quantity, and location of samples collected. Analytical
results for ground-water monitoring wells are surm-
marized in Section 5.8 of this report. A more detailed
discussion of results for wells used specifically to moni-
tor operating facilities may be found in Westinghouse
Hanford Company Operational Environmental
Monitoring Annual Report, Calendar Year 1992
(Schmidt et al. 1993).

Waste disposal sites and the terrain surrounding them
are surveyed to detect and characterize any radioactive
surface contamination. The location of these surveys
include cribs, trenches, retention basin perimeters, pond
perimeters, ditch banks, solid waste disposal sites (for
example, burial grounds, trenches), unplanned release
sites, tank farm perimeters, stabilized waste disposal
sites, roads, and firebreaks in and around the Site
operational areas. In 1992, radiological surveys were
conducted at 391 sites in the operational areas (100 in
100 Areas; 273 in the 200 and 600 Areas; and 18 in the
300 and 400 Areas) (DOE 1991a).

Air Monitoring

Near-facility air sampling monitors the effectiveness of
waste management, and effluent treatment and controls
in reducing effluents and emissions; it also monitors
diffuse source emissions.
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Table 3.6. Near-Facility Routine Environmental Samples and Locations

Samples Total 100 Areas 200/600 Areas 300/400 Areas
Air 40 4 36
Surface water 32 22 10
External radiation 289 213@ 61 15
Soil 157 32 110 15
Vegetation 95 40 40 15

(a) 41 TLDs and 172 survey points.

Sample Collection and Analysis

Radioactivity in air was sampled by a network of con-
tinuously operated samplers at 40 locations near nuclear
facilities: 4 located in the 100-N Area, 33 in the 200/600
Areas, and 3 background stations collocated with
samplers operated by PNL and the Washington State
Department of Health at the Yakima and Wye Barricades
and the old Hanford townsite. To avoid duplication of
sampling, the near-facility environmental monitoring
program used existing PNL air samplers in the 300 and
400 Areas (results reported in Section 5.2, “Air
Surveillance”). Air samplers were primarily located at or
near (~500 m or 1500 ft) sites and/or facilities having the
potential for, or history of, release, with an emphasis on
the prevailing downwind directions.

Samples were collected according to a schedule estab-
lished before the monitoring year. Airborne particles
were sampled at each of these stations by drawing air
through a glass fiber filter. The filters were collected
weekly, field-surveyed for gross radioactivity to detect
any unusual trends or off-normal occurrences, held for at
least 7 days, and then analyzed for total alpha and beta
activity. The 7-day holding period was necessary to
allow for the decay of naturally occurring radionuclides
that would otherwise obscure detection of longer-lived
radionuclides associated with emissions from nuclear
facilities. The total radioactivity measurements were
used to indicate changes in trends in the near-facility
environment.

For most radionuclides, the amount of radioactive mate-
rial collected on a filter during a 1-week sampling period
was too small to be measured accurately. The accuracy
of the sample analysis was increased by compositing the
samples into a biannual composite for each location.
Each biannual composite was then sent to International

Technology Corporation to be analyzed for strontium,
plutonium, uranium, and gamma-emitting radionuclides.

Radiological Results

Of the radionuclide analyses performed, *Sr, *’Cs,
239.240py | and uranium were consistently detectable in the
200 Areas; ®°Co was also detectable in the 100-N Area.
Air concentrations for these radionuclides were elevated
near facilities when compared to the concentrations
measured offsite. Figure 3.2 shows average values for
1992 and the preceding 5 years compared to the Derived
Concentration Guides (DCG) and the background air
concentration as measured by PNL. As the data indicate,
the concentrations show a large degree of variance. In
general, the samples collected from air samplers located
on or directly adjacent to waste disposal and other
nuclear facilities had significantly higher concentrations
than those farther away. The data also show, as
expected, that certain radionuclides had higher
concentrations within different operational areas.
Generally speaking, the predominate radionuclides are
activation products/gamma emitters in the 100 Areas and
fission products in the 200/600 Areas. A more detailed
data summary may be found in the Westinghouse
Hanford Company Operational Environmental
Monitoring Annual Report, Calendar Year 1992
(Schmidt et al. 1993).

100-N Area

Analytical results from air samples taken in the 100-N
Area were on a downward trend for most radionuclides
as a result of facility shutdowns, better effluent controls,
and improved waste management practices. These levels
were well below the DCG; however, they were above
those measured offsite.
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Figure 3.2. Radionuclide Concentrations (+2 SEM) in Near-Facility Air Samples Compared to Background
Locations, 1987 Through 1992. As a result of figure scale, some uncertainties (error bars) are concealed by

point symbol.
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200 Areas

Analytical results from air samples taken in the 200/600
Areas were on a downward trend for most radionuclides
as a result of facility shutdowns, better effluent controls,
and improved waste management practices. These
levels, although well below the DCG, were above those
measured offsite and were higher for *Sr, #*?*Pu, and
uranium when compared to levels in the 100-N Area.

Surface-Water Disposal
Units and Seep Monitoring

Surface-water disposal units used by the operating
facilities and their seeps are monitored to assess the
effectiveness of effluent and contamination controls.

Sample Collection and Analysis

Samples from surface-water disposal units and river
shoreline seeps were collected from various locations in
the operational areas. A more detailed description of
sample locations is given in the Westinghouse Hanford
Company Operational Environmental Monitoring
Annual Report, Calendar Year 1992 (Schmidt et al.
1993). Sampling of surface-water disposal units included
water, sediment, and aquatic vegetation. Samples taken
at river shoreline seeps included water only. The samp-
ling methods are discussed in detail in the WHC manual
Operational Environmental Monitoring (WHC 1991b).
To avoid duplication of sampling, the near-facility
environmental monitoring program used PNL surface-
water sample data for the 400 Areas (as reported in
Section 5.3, “Surface-Water Surveillance”).

Radiological analysis of water samples from surface-
water disposal units included total alpha, total beta, *H,
239240py, and gamma-emitting radionuclides. Alpha and
beta measurements provided a general indication of
radioactive contamination. Radiological analysis of
sediment and aquatic vegetation included *Sr, 2**#*'Pu,
uranium, and gamma-emitting radionuclides. Non-
radiological analysis performed included pH, tempera-
ture, and nitrates. Analytes of interest were selected
based on their presence in effluent discharges, and their
importance in verifying effluent control and determining
compliance with applicable standards. Surface-water
disposal units that receive potentially radioactively
contaminated effluents are within posted radiological
control areas.

Radiological Results

Surface-Water Disposal Units

Radiological analytical results for individual surface-
water disposal units are summarized in Table 3.7. In all
cases, radionuclide concentrations in surface-water
disposal units were less than the applicable DCG and in
most cases equal to or less than the analytical detection
limit. However, the maximum total beta concentration
for one of the samples approached the DCG (using *°Sr
DCG of 1,000 pCi/L for comparison). This was a new
sample location for the 216-U-14 Ditch in the 200-West
Area. The sampling location had been changed as a result
of the stabilization (the placement of fill material over
contaminated soils) of the original sampling location

at the lower portion of the 216-U-14 Ditch in early
1992. This surface-water disposal unit had received
radioactively contaminated waste in the past.

Radiological analytical results for aquatic vegetation
and sediment samples taken from surface-water disposal
units located in the 200/600 Areas are summarized in
Tables 3.8 and 3.9, respectively. Although some ele-
vated levels can be seen in both aquatic vegetation and
sediment, in all cases the radiological analytical results
were well below the standards for radiological control.

A more detailed data summary for samples taken to
monitor surface-water disposal units may be found in
Westinghouse Hanford Company Operattional
Environmental Monitoring Annual Report, Calendar
Year 1992 (Schmidt et al. 1993).

Seeps

Ground-water seeps along the 100-N Area shoreline are
sampled annually to verify reported radionuclide releases
to the Columbia River from the past operation of the

N Reactor. Release reporting utilizes conservatively
based radionuclide concentrations, multiplied by the
estimated ground-water flow into the river. By charac-
terizing the radionuclide concentrations in the seeps
along the shoreline, the results can be compared to the
concentrations measured in the effluent monitoring well
199-N-8T.

In 1992, the concentrations detected in the seep samples
were highest in those seeps in the area nearest well
199-N-8T, although the seep concentrations were con-
siderably lower than those measured in the well. The
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Table 3.7. Radiological Results for Liquid Samples from Surface-Water Disposal Units,

200/600 Areas (pCi/L), 1992

No. of
Sample Locations® Samples
200-West Area Ditches 21 Mean
Maximum
200-West Area Ponds 24 Mean
Maximum
200-East Area Ditches 12 Mean
Maximum
200-East Area Ponds 60 Mean
' Maximum
DCG

(a) 200-West Area Ditches: 216-T-4, 216-U-14.

200-West Area Ponds:  216-Z-21 Basin, Powerhouse Pond.

200-East Area Ditches:  216-B-3-3.

Total Alpha

55

29

0.29
0.88
0.31
0.83
0.71

12

300

200-East Area Ponds: 216-B-3 (East), 216-B-3 (South), 216-B-3 (overflow), 216-B-3 (3rd overflow),

Powerhouse Pond.
(b) Using **Pu DCG for comparison.
(c) Using *Sr DCG for comparison.

Total Beta ‘H OSr 131Cs
32 450 9.6 43

920 450 28 75
1.5 600 11 41
6.2 1,600 78 48
5.5 1,200 7.1 42
40 2,100 10 49
3.1 770 10 42
21 2,100 64 92
1,000@ 2,000,000 1,000 3,000

Table 3.8. Radiological Results for Aquatic Vegetation Samples from Surface-Water Disposal Units

200/600 Areas (pCi/g), 1992

No. of
Sample Locations® Samples
200-West Area Ditches 2 Mean
Maximum
200-West Area Ponds 2 Mean
Maximum
200-East Area Ditches 1 Mean
Maximum
200-East Area Ponds 5 Mean
Maximum

(a) 200-West Area Ditches: 216-T-4, 216-U-14.

200-West Area Ponds:  216-Z-21 Basin, Powerhouse Pond.

200-East Area Ditches: 216-B-3-3.

200-East Area Ponds: 216-B-3 (East), 216-B-3 (South), 216-B-3 (overflow), 216-B-3 (3rd overflow)

Powerhouse Pond.

‘)OSr

0.97
1.2
<0.58
<0.69
1.4
1.4
<1.8

5.6

137CS

<29
<4.9
<0.83
<0.86
7.8
7.8
<2.8
<5.3

239/240Pu

6.7

13

<0.48
<0.48
<0.38
<0.38
<0.42
<0.46

U total, g/g

5.4
2.4
5.4
8.6
3.6
3.6
4.5
7.7

Mo M X % X %

10
107
10
10*
10*
10
10*
10
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Table 3.9. Radiological Results for Sediment Samples from Surface-Water Disposal Units,

200/600 Areas (pCi/g), 1992

No. of

Sample Locations®  Samples OSr 9Cs 340py U total, g/g
200-West Area Ditches 2 Mean 0.43 19 0.79 6.1 x 10°
Maximum 0.55 34 1.2 1.2 x 103

200-West Area Ponds 2 Mean <0.35 <0.14 <0.43 4.7 x 107
Maximum <0.58 <0.15 <0.50 6.3 x 107

200-East Area Ditches 1 Mean 1.1 110 14 7.9 x 107
Maximum 1.1 110 14 7.9 x 107

200-East Area Ponds 5 Mean 0.89 8.1 2.3 8.0 x 107
Maximum 2.3 16 7.5 1.7 x 10°%

(a) 200-West Area Ditches:
200-West Area Ponds:
200-East Area Ditches:

216-T-4, 216-U-14.
216-Z-21 Basin, Powerhouse Pond.
216-B-3-3.

200-East Area Ponds:
Powerhouse Pond.

216-B-3 (East), 216-B-3 (South), 216-B-3 (overflow), 216-B-3 (3rd overflow)

data from seep sampling are summarized in Table 3.10.
A more detailed data summary may be found in
Westinghouse Hanford Company Operational
Environmental Monitoring Annual Report, Calendar
Year 1992 (Schmidt et al. 1993).

Nonradiological Results for
Surface-Water Disposal Units

Nonradiological analytical results for water samples
taken from surface-water disposal units located in the
200 and 600 Areas are summarized in Table 3.11. The
results for pH were well within the pH of 2.0 and 12.5
standard for liquid effluent discharges based on the dis-
charge limits listed in RCRA. The analytical results for

Table 3.10. Concentrations of Radionuclides in
100-N Area Shoreline Seeps, 1992 (results in pCi/L)

Well 199-N-8T Seeps
Radionuclide (Mean) Maximum Mean DCG®™
*H 43,000 770 390 2,000,000
Co 7.8 5.2 1.2 5,000
“Sr 6,500 150 49 1,000

mww Concentration Guide (see Appendix C).

nitrates were all less than the detection limit except for
those samples from the 216-T-4 Ditch. The average
nitrate result for that location was 2.0 mg/L, which was
slightly greater than the analytical detection limit of
1.4 mg/L and is less than the 45-mg/L drinking water
standard for public water supplies.

Radiological Surveys

Another aspect of the near-facility environmental moni-
toring program is radiological surveying, which monitors
and helps direct the reduction of the radiologically con-
trolled areas on the Hanford Site. There are two type

of radiologically controlled areas, which are posted:
underground radioactive materials (URMSs) and surface
contamination areas (SCAs).

URM areas are posted areas with contamination con-
tained below the soil surface. These areas are typically
“stabilized” cribs, burial grounds, and covered ponds,
trenches, and ditches. Barriers over the contamination
sources are used to inhibit radionuclide transport to the
surface environs. Waste sites are routinely surveyed (at
least annually) to document the current radiological
status.
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Table 3.11. Nonradiological Results for Liquid Samples from Surface-Water Disposal Units, 1992

pH Nitrate (NO,), mg/L
No. of No. of
Sample Locations'® Samples Mean Maximum  Minimum Samples Mean  Maximum
200-West Area Ditches 86 7.3 9.5 6.5 8 1.7 3.9
200-West Area Ponds 100 8.9 10.3 7.1 8 <14 <14
200-East Area Ditches 50 8.1 8.7 7.4 4 <14 <l.4
200-East Area Ponds 255 8.8 9.7 7.8 20 <14 <l.4

(a) 200-West Area Ditches:
200-West Area Ponds:
200-East Area Ditches:
200-East Area Ponds:

216-T-4, 216-U-14.
216-B-3-3.

Powerhouse Pond.

216-Z-21 Basin, Powerhouse Pond.

216-B-3 (East), 216-B-3 (South), 216-B-3 (overflow), 216-B-3 (3rd overflow)

SCAs may or may not have been associated with an
underground radioactive material structure. A breech
in the barrier of URM may have resulted in the growth
of contaminated vegetation. Insects or animals might
have burrowed into an URM and brought contamina-
tion to the surface. Vent pipes or risers from an under-
ground structure could have been a source of speck
contamination. Fallout from stacks, or unplanned
releases from previously operating facilities, may have
caused an area of surface contamination that was not
related to a subsurface structure. All types of SCA are
susceptible to contamination migration.

There were approximately 1,200 ha (3,000 acres) of
posted outdoor SCA and 400 ha (1,000 acres) of posted
URM, not including active facilities, at Hanford. The
number of SCA acres was three times larger than the
URM acres primarily because of the BC Controlled
Area located south of the 200-East Area. This area was
posted as a Radiologically Controlled Area in 1959
because of widespread speck contamination, and
encompassed approximately 1,000 ha (2,500 acres).
Table 3.12 contains the acreage for SCA and URM areas
showing the net change from 1991 to 1992. Table 3.13
summarizes the number of contaminated acres that
changed status in 1992. Twenty acres were reclassified
from SCA to URM, and 16 acres were sampled and
unconditionally released.

The area of posted surface contamination varied because
of an ongoing effort to clean, stabilize, and remediate
areas of known contamination while new areas of con-
tamination were being identified. Table 3.13 indicates

the changes resulting from stabilization activities during
1992. Newly identified areas may be from contamina-
tion migration or the result of an increased effort to
investigate outdoor areas for radiological contamination.
Vehicles equipped with radiation detection devices and
the Ultrasonic Ranging and Data System (USRADS)
have identified areas of contamination that were
previously undetected.

It was estimated that 80% of the identified outdoor
surface contamination would result in an external dose
rate of less than 1 mrem/h, although the dose from
isolated specks could be considerably higher. Contami-
nation levels of this magnitude would not significantly
add to dose rate calculations for the public or employees.

Soil and Vegetation
Sampling from Operational
Areas

Soil and vegetation samples were collected on or adja-
cent to waste disposal units and from locations down-
wind and near or within the boundaries of the operating
facilities. Samples are collected to detect potential
migration and deposition of facility effluents. Migration
can occur as the result of resuspension from radioac-
tively contaminated surface areas, absorption of radio-
nuclides by the roots of vegetation growing on or near
underground and surface-water disposal units, or by
waste site intrusion by animals. Special samples were
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Table 3.12. Outdoor Contamination Status, 1992 (approximate surface area in acres)

Net Underground Net
Hanford Site Area Surface Contamination® Change® Radioactive Material®® Change
100 Areas 160 -6 460 5
200 Areas 329 -32 366 17
600 Area 120 0 230 0
BC Control Area 2,500 (RCA)® 0 30 0
300 Area 45 0 30 0
Totals 3,154 -38 1,116 22

(a) Includes areas posted as "Surface Contamination Areas" or as "Radiologically Controlled Areas" and
areas that had both underground and surface contamination.

(b) - =decreases.

(¢) Includes areas with only underground contamination. Does not include areas that had surface as well as

underground radioactive material.
(d) Radiologically Controlled Area.

Table 3.13. Zone Status Change by Area, 1992

Location Zone Change Acreage
100 Areas SCA to Released 1
200-East Area SCA to Released 15
100 Areas SCA to URM 5
200-East Area SCA to URM 5
200-West Area SCA to URM 12

also taken where physical or biological transport prob-
lems were identified. The results of sampling effort are
discussed below.

Sample Collection and Analysis

The sampling methods and locations used are discussed
in detail in the WHC manual Operational Environmental
Monitoring (WHC 1991b). Radiological analysis of soil
and vegetation samples included *°Sr, #*%Pu, uranium,
and gamma-emitting radionuclides.

Radiological Results
Soil
Of the radionuclide ahalyses performed, *°Co, *Sr, ¥’Cs,

239:290py . and uranium were consistently detectable. Soil
concentrations for these radionuclides were elevated near

and within facility boundaries when compared to the con-
centrations measured offsite. Figure 3.3 shows average
values for 1992 and the preceding 5 years. As the data
indicate, the concentrations show a large degree of
variance. In general, the samples collected on or directly
adjacent to the waste disposal facilities had significantly
higher concentrations than those farther away. The data
also show, as expected, that certain radionuclides will
have higher concentrations within different operational
areas. Generally speaking, the predominate radionu-
clides are activation products/gamma emitters in the 100
Areas, fission products in the 200/600 Areas, and urani-
um in the 300 Areas. A more detailed data summary may
be found in Westinghouse Hanford Company Operation-
al Environmental Monitoring Annual Report, Calendar
Year 1992 (Schmidt et al. 1993).

100 Areas. Analytical results from soil samples
collected in the 100 Areas were on a downward trend,
showing effects of the shutdown of the production
reactors and the effectiveness of effluent controls that
have been implemented in recent years. However,
these levels were greater than those measured offsite,
and the concentration of “Co was greater than that
measured in the 200/600 and 300/400 Areas. The ®°Co
in the 100 Areas was the result of past discharges to
waste disposal structures, primarily the 1301-N Liquid
Waste Disposal Facility. Measures have been taken in
recent years to identify and minimize the migration of
contamination from these structures.
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200/600 Areas. Analytical results from soil samples
taken in the 200/600 Areas were on a downward trend
for most radionuclides as a result of facility shutdowns,
better effluent controls, and waste management practices.
However, these levels were greater than those measured
offsite, and were shown to be higher for *Sr, *’Cs, and
29240Py when compared to values from the 100 and 300/
400 Areas. Uranium levels were slightly increased over
those measured in 1991.

300/400 Areas. This was the second sampling year
for the 300/400 Areas near-facility environmental
monitoring program. The data for these areas were
compared to results for other operational areas and

those measured offsite. The levels measured for uranium
were higher than those from the 100 and 200/600 Areas.
This difference is expected because the uranium is the
result of past fuel fabrication operations conducted in

the 300 Area.

Vegetation

Of the radionuclide analyses performed, °Co, *Sr, '¥7Cs,
239240py . and uranium were consistently detectable. Vege-
tation concentrations for these radionuclides were ele-
vated near and within facility boundaries compared to
the concentrations measured offsite. Figure 3.4 shows
averages values for 1992 and the preceding 5 years. As
the data indicate, the concentrations show a large degree
of variance. In general, the samples collected on or
directly adjacent to the waste disposal facilities had
significantly higher concentrations than those farther
away. As with the soil samples, the data show that cer-
tain radionuclides will be found in vegetation in higher
concentrations within different operational areas. Except
for *Sr (a fission product) detected in vegetation from
the N Springs, generally speaking the predominate radio-
nuclides are activation products/gamma emitters in the
100 Areas, fission products in the 200/600 Areas, and
uranium in the 300 Areas. A more detailed data summary
may be found in Westinghouse Hanford Company
Operational Environmental Monitoring Annual Report,
Calendar Year 1992 (Schmidt et al. 1993).

100 Areas. Analytical results from vegetation samples
collected in the 100 Areas were all on a downward trend
except for those for *Sr, which increased to the levels
seen in 1989. The maximum values were from samples
collected from the N Springs area located in the 100-N
Area. The reason for this increase may be related to the
time of year for sampling, and there were no N Springs
vegetation results for 1990 that contributed to the average

concentration of *Sr in the 100 Area vegetation.
However, these levels were greater than those measured
offsite and were higher for ®Co and *°Sr compared to the
200/600 and 300/400 Areas.

200/600 Areas. Analytical results from vegetation
samples taken in the 200/600 Areas were on a downward
trend for most radionuclides as a result of facility
shutdowns, better effluent controls, and improved waste
management practices. Before 1992, these levels were
greater than those measured offsite and were higher for
¥7Cs and #***°Pu compared to the 100 and 300/400
Areas. During 1992, the average concentrations onsite,
offsite, and within the various operational areas were
similar for these two radionuclides.

300/400 Areas. This was the second sampling year
for the 300/400 Areas near-facility environmental
monitoring program. Generally, most of the levels in
the 300 Area were greater than those measured offsite
and were higher for uranium compared to the 100 and
200/600 Areas. This difference is expected because
uranium was released during past fuel fabrication
operations conducted in the 300 Area. The levels
measured in the 400 Area were at or near those
measured offsite.

Investigative Sampling

The purpose of investigative sampling was to determine
whether effluent controls and waste containment were
adequate. An important part of the near-facility program,
investigative monitoring was conducted and special
samples were taken in the operations areas to confirm the
absence of or to detect the presence of radioactive con-
taminants. This investigative sampling took place near
facilities such as storage and disposal sites for at least
one of the following reasons:

* because radiological surface surveys had indicated
that radioactive contamination was present

¢ to quantify the radiological condition of a site before
facility construction or operation

* to quantify the radiological condition of a site before
remediation

* to determine if biotic intrusion (e.g., animal burrows
or deep-rooted vegetation) had created a potential
for the spread of contaminants

66



Near-Facility Environmental Monitoring

® 100 Areas
200/600 Areas

% 300/400 Areas
Yakima

1987 1988 1989 1990 1991 1992

$9303012.13

3 70.0
90,
GOCO @® 100 Arecas 60.0 _1 Sr
200/600 Areas ’
B 300/400 Areas 50.0 -
2| - :
& Yakima )
3 5 400
=3 2
g g 300
=k % 2 °
*E .E 20.0}
)] (] -
g % £ 100}
@] o é m @ COD
0.0
-10.0 —J
1 ! | L L . -20.0
1987 1988 1989 1990 1991 1992
$9303012.9
4 0.3
1370g ® 100 Areas
200/600 Areas
3 # 300/400 Areas 0.2
- Yakima o
S 9L a 01f
2 g o
g g
s 1F £ 00fe
= : B
dg) é § g 5
2 of ¢ OB g 01b
(=] [=]
& ]
a1k -0.21-
; L L L L L -0.3
1987 1988 1989 1990 1991 1992
$9308012.10
04
234,235,238y ® 100 Areas
200/600 Areas
0.3k ® 300/400 Areas
0 Yakima
A
2
i 0.2 "
2
2
]
2
g 0.1} 5
=)
[=]
Q
0.0 %
0.1 i l ! ! !

239,240Pu

@® 100 Areas
200/600 Areas

#® 300/400 Areas
Yakima

o @F

| | | I

1987 1988 1989 1990 1991 1992

$9303012.12

1987 1988 1989 1990 1991 1992

$9303012.11

Figure 3.4. Radionuclide Concentrations (+2 SEM) in Near-Facility Vegetation Compared to Background
Concentrations, 1987 Through 1992. As a result of figure scale, some uncertainties (error bars) are con-

cealed by point symbol.

67



1992 Environmental Report

* to determine the integrity of waste containment
systems.

Because of the diverse operations historically conducted
at each of the operating areas (100, 200, and 300 Areas),
radionuclide concentrations in samples from the different
areas were generally predictable.

Sample Collection and Analysis

Types of investigative samples over the years have
included air; water; snow; sediments; soil; vegetation
such as grasses, tumbleweeds (also known as Russian
thistles), sagebrush, trees, and fruits; and various animals
such as spiders, termites, ants, fish, toads, snakes, birds,
mice, rabbits, coyotes, and bobcats.

Special samples in 1992 included soil; tumbleweeds;
gopher snakes; pigeon feces; cliff swallow nests; house
mice; deer mice; a black-tailed jackrabbit; and a Nuttall’s
cottontail rabbit.

Methods for collecting or otherwise obtaining investiga-
tive samples are found in the WHC manual Operational
Environmental Monitoring (WHC 1991b). Field moni-
toring results, expressed as counts per minute (cpm),
were obtained using a Geiger-Mueller Counter equipped
with a P-11 Probe. Laboratory sample analysis results
are expressed in pCi/g. Maximum concentrations of
radionuclides rather than averages are presented in this
subsection.

Results

Special samples were collected where known or sus-
pected radioactive contamination was present. A direct
relationship to the general status of the different media
within the operating areas to contamination levels
reported for special samples cannot be drawn. A more
detailed data summary may be found in Westinghouse
Hanford Company Operational Environmental
Monitoring Annual Report, Calendar Year 1992
(Schmidt et al. 1993).

Soil

In 1992, 30 investigative soil samples were taken. The
radionuclides in maximum concentration were “Co from
D Island near the 100-D Area (11,000,000 pCi/sample);
8r (1,000,000 pCi/g) and *’Cs (1,900 pCi/g), both from
near 221-B Stack in the 200-East Area; and **Th (730

pCi/g), ®'™Pa (1,100 pCi/g), and **U (38 pCi/g) from
near the 300 Area (Table 3.14). Note that the D Island
sample analyses result was for a single speck of
contamination (probably about 0.001 g) and if collected
as a typical sample (~500 g) the radioactivity concentra-
tion would be reduced to several hundred or perhaps
thousand picocuries per gram. Further discussion of
the shoreline radiological survey may be found in
Section 5.7. The number of contamination incidents,
the radioactivity levels, and the range of radionuclide
concentrations were not unusual. Areas of special soil
sampling that were outside radiological control areas and
that had levels greater than WHC radiological control
limits (WHC 1991a) were posted as surface
contamination areas.

Vegetation

There were 13 instances of contaminated vegetation
detected in operational areas in 1992 (Table 3.14). Only

-one sample (i.e., from 100-F Area and reading 1,500 cpm)

was analyzed at a laboratory before disposal, and the
radionuclides at the maximum concentrations were '*’Cs
(<0.96 pCi/g) and total uranium (0.04 pCi/g). The
remaining 12 instances of contaminated tumbleweeds
were found during remedial operations and disposed of
so that only field-instrument readings of radioactivity are
available. Field-instrument readings ranged from

350 cpm to 40,000 cpm, which are within the ranges
reported for the past 3 years. The number of plants
found to be contaminated with radioactivity was not
unusual. The greatest number of contaminated vege-
tation (42) submitted for analyses was in 1978. In the
200 Areas before 1980, when vegetation control was
limited or nonexistent, contaminated vegetation was
counted in acres rather than individual specimens.
Vegetation control in 1992, as in 1991, was noticeably
more effective than in 1990 and {989 and hopefully
represents a return to an improving trend. An improving
trend had been evident from 1981 up to 1989, when
resistance to the herbicide in use was first noted.
Improved vegetation control was probably the result of
improved equipment and use of more effective herbicides.

Wildlife

Animals were collected as a result of an aggressive pest
control program designed to limit the exposure and
potential contamination of animals to radioactive mate-
rial. Animals were collected directly from or near
facilities to identify problems in preventative measures
designed to inhibit animal intrusion. Surveys were
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Table 3.14. Special Samples Collected from the Operations Areas, 1992

Sample Type

(Number)

Soil
(30)

Tumbleweed

13)

Gopher snake
@

Pigeon feces

ey

CIliff swallow
nest

2)

House mouse

€))

Deer mouse
(10)

Area

(Number)

100
@)

200
(26)

300
2)

100
(3)

200
10)

200
)

200
ey

200
@

200
©

100
@

200
(6)

300
2

Elevated

Radionuclides

GOC 0

137Cs
NSy

234Th
234mPa
23SU

137CS
U Total

NA®

137Cs
QOSI-

137CS

6OC o
1 37C S
9OSr

54Mn
154Eu
155Eu
238Pu
239Pu

i 37Cs
QDSr
239,240Pu

U Total

137CS

239.240Pu

137CS
239,240Pu

6OCO
137CS

Maximum

Concentration, pCi/g

11,000,000

1,900
1,000,000

730
1,100
38

<0.96
0.31

NA

7,900
300

280

74,000
2,300
340
160
470
180

47

1,500

3,100
<5.0
1.3

100
<1

<25
<5

97
5,500

Near-Facility Environmental Monitoring
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Table 3.14. Special Samples Collected from the Operations Areas, 1992 (contd)

Sample Type Area
(Number) (Number)

Deer mouse (contd)

Black-tailed 200
jackrabbit (1)
(1)

Nutall's

cottontail 200
(1 (1)

(a) pCi/fsample.
(b) NA = not analyzed.

Elevated Maximum
Radionuclides Concentration, pCi/g
“Sr 63
1%Ru/Rh 4,200
123Sb 1,600
“Ce/Pr 38,000
SEu 650
'Eu 1,700
3Py 18
137Cs 56
%Sy 1,100
BBy 15
2Py 19
234.24()Pu 5
U Total <5

performed after collection to determine if an animal is
radioactively contaminated. If an animal was found free
of contamination, it would be taken to a suitable habitat
area and released. If an animal was contaminated, a
decision was made to collect a sample or dispose of the
animal. This decision was based on the level of contami-
nation, sampling facility, and frequency of occurrence.

There were 26 special animal or nest samples analyzed
in 1992. The radionuclides found at the maximum con-
centrations were “Co (74,000 pCi/g), *Sr (3,100 pCi/g),
'%Ru (4,200 pCi/g), '¥'Cs (7,900 pCi/g), and '** 55Eu
(1,700 pCi/g) (see Table 3.13). The total number of
animals found to be contaminated with radioactivity, the
radioactivity levels, and the range of radionuclides con-
centrations were not unusual; however, the number of
incidents decreased slightly compared to 32 in 1991.
The greatest number of contaminated animals was found
in 1982 (44, mostly pigeons); however, before 1981

fewer representative samples were submitted for radio-
nuclide analyses.

Special Characterization Projects

Special characterization projects were conducted to
verify the status of contaminated soil at 216-U-14 Ditch
in the 200-West Area before stabilizing the lower end,
around B Stack in the 200-East Area, and on D Island in
the Columbia River, which was the site of the old liquid
effluent outfall from D Reactor. Radionuclides found at
the maximum concentrations at these sites were, respec-
tively, "’Cs (1,600 pCi/g); *Sr (1,000,000 pCi/g) and
¥7Cs (1,900 pCi/g); and ®Co (11,000,000 pCi/sample).
Note that the D Island sample analyses result was for a
single speck of contamination (probably about 0.001 g)
and if collected as a typical sample (~500 g) the
radioactivity concentration would be reduced to several
hundred or perhaps thousand picocuries per gram.
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External Radiation

External radiation fields were measured near operations
facilities and waste handling, storage, and disposal sites
to measure, assess, and control the impacts of operations.

Sample Collection and Analysis

Two methods of measurement are employed, one being
hand-held pR meters used to survey multiple survey
points and the other being thermoluminescent dosimeters
(TLD). The measurement methods used for external
radiation measurements and sample locations are dis-
cussed in detail in the WHC manual Operational
Environmental Monitoring (WHC 1991b).

Results

Radiation Measurements

Hand-held PR meters were used to survey points near
and within three waste disposal locations in the

100-N Area: the N Springs area, 1301-N Liquid Waste
Disposal Facility (LWDF), and 1325-N LWDF. These
radiation measurements were taken at a height of
approximately 1 m (3.28 ft) to assess the effects of
changes in operations of these facilities and are not
necessarily a true measurement of exposure rate. The
hand-held pR meters are known to over-respond to low-
energy gamma radiation. The radiation rate measured
along the 100-N Area shoreline was still declining in
1992 and is compared to rates during the past 5 years in
Figure 3.5. The shift in the dose rate levels show the
effects of the decreased discharges to the 1301-N LWDF
and the continuing decay of ®Co, the principal residual
radionuclide. The radiation measurements taken at the
1301-N LWDF in 1992, as in previous years, continue
to show the decay of ®Co (Table 3.15). The radiation
measurements taken at the 1325-N LWDF in 1992 and
in the previous year were elevated, compared to the
earlier years. This increase indicates the effect of
decreased discharges of liquid waste to that facility
(Table 3.15). The decreased discharges resulted in the
loss of the water that normally provided shielding from
the gamma-emitting radionuclides contained in the
sediments of the LWDF, principally *Co and "*’Cs.

A more detailed data summary may be found in

Near-Facility Environmental Monitoring

Westinghouse Hanford Company Operational
Environmental Monitoring Annual Report, Calendar
Year 1992 (Schmidt et al. 1993).

TLDs

100 Areas. All TLDs in the 100 Areas were located in
the 100-N Area; results are presented in Table 3.16. The
1992 TLD results indicate that direct radiation levels
were highest near facilities that had contained or received
liquid effluent from N Reactor. These facilities primarily
include the 1325-N LWDF and the 1301-N LWDF.
While the results were noticeably higher than those for
other 100-N Area TLD locations, the overall results for
these two facilities decreased in exposure rate by
approximately 5% when compared to 1991.

In 1992, three TLD locations were moved from previ-
ously occupied buildings to other locations. Measure-
ments were initiated at two locations between the
1301-N LWDF and the Columbia River shoreline

(N Springs). A more detailed data summary may be
found in Westinghouse Hanford Company Operational
Environmental Monitoring Annual Report, Calendar
Year 1992 (Schmidt et al. 1993).

200/600 Areas. TLD results for 1992 are compared to
those of 1991 for the 200/600 Areas in Table 3.16. The
highest dose rates were measured near waste-handling
facilities such as tank farms. The highest dose rate was
measured at the 241-A Tank Farm complex located in
the 200-East Area. The average dose rate measured in
1992 by TLD:s in the 200/600 Areas was 130 mrem/yr,
which was an increase of 8% over the average dose rate
of 120 mrem/yr measured in 1991. A more detailed data
summary may be found in Westinghouse Hanford
Company Operational Environmental Monitoring
Annual Report, Calendar Year 1992 (Schmidt et al.
1993).

300/400 Areas. A comparison of 1992 TLD results to
those of 1991 for the 300/400 Areas are presented in
Table 3.16. The highest dose rates in the 300 Area were
measured near waste-handling facilities such as the 340
Waste Handling Facility. The average dose rate
measured in 1992 by TLDs in the 300 Areas was 160
mrem/yr, which was a decrease of 10% of the average
dose rate of 180 mrem/yr measured in 1991.
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Figure 3.5. Radiation Survey Measurements Along the 100-N Area Shoreline, 1987 Through 1992
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Table 3.15. 100-N Liquid Waste Disposal Facilities
(LWDF) Direct Radiation Measurements, 1991 and
1992 (uR/h)

1991 Average 1992 Average
LWDF
1301-N 2,100 2,000
1325-N 950 940

Near-Facility Environmental Monitoring

The highest dose rates, although not significantly
elevated above background, measured in the 400 Area
was near the 4718 Building. The average dose rate
measured in 1992 by TLDs in the 400 Area was 90
mrem/yr, which was a decrease of 20% of the average
dose rate of 110 mrem/yr measured in 1991. A more
detailed data summary may be found in Westinghouse
Hanford Company Operational Environmental
Monitoring Annual Report, Calendar Year 1992
(Schmidt et al. 1993).

Table 3.16. Thermoluminescent Dosimeter (TLD) Results for Waste-Handling Facilities in the Operating

Areas, 1991 and 1992 (mrem/yr, based on 24 h/d)

1991
Area No. of Samples Maximum Mean
100-N 41 14,260 1,210
200/600 62 840 120
300 8 720 180
400 7 190 110

(a) Numbers indicate a decrease (-) or increase from 1991.

1992
Maximum Mean % Change®
13,280 1,200 -1
700 130 8
610 160 -10
110 90 -20
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3.3 Solid Waste Management and
Chemical Inventories

Solid Waste

Solid waste produced at the Hanford Site is classified as
either radioactive, nonradioactive, or mixed waste.
Radioactive waste consists of transuranic, high-level, and
low-level wastes. Radioactive mixed waste has both
radioactive and hazardous nonradioactive components.
Nonradioactive waste is composed of hazardous or
nondangerous wastes or both. Hazardous waste contains
dangerous wastes or extremely hazardous wastes or both,
as defined in Ecology's Dangerous Waste Regulations.

Radioactive and mixed waste is currently handled in
several ways. High-level waste is stored in double-shell
tanks. Low-level waste also is stored in double-shell
tanks or on storage pads or is buried, depending on the
source, composition, and concentration of the waste.
Transuranic waste is stored in vaults or on underground
storage pads from which it can be retrieved.

Approximately 200 facilities on the Hanford Site gener-
ate dangerous waste. An annual report lists the dangerous
wastes and extremely hazardous wastes generated,
treated, stored, and disposed of onsite and offsite (DOE
1993a). Dangerous wastes are treated, stored, and pre-
pared for disposal at several Hanford Site facilities.
Dangerous wastes generated at the Site are shipped
offsite for disposal, destruction, or recycling.

Nondangerous wastes generated at the Hanford Site are
buried in the Solid Waste Landfill, located in the

200 Areas. These wastes originate at both process and
nonprocess areas at the Site. Examples of these wastes
are construction debris, office trash, cafeteria waste, and
packaging materials. Other materials and items clas-
sified as waste are solidified filter backwash and sludge
from the treatment of river water, failed and broken
equipment and tools, air filters, uncontaminated used
gloves and other clothing, and certain chemical
precipitates such as oxalates. Nonradioactive friable
asbestos is buried in designated areas at the Solid Waste
Landfill. Ash generated at powerhouses in the 200-East

and 200-West Areas is buried in designated sites near
those powerhouses. Demolition waste from 100 Areas
decommissioning projects is buried in situ or in
designated sites in the 100 Areas.

A summary of solid waste disposed of at the Hanford
Site in 1992 is shown in Table 3.17. Solid waste
program activities are regulated by the Toxic Substances
Control Act, discussed in Section 2.0, “Environmental
Compliance Summary.”

Chemical Inventories

Emergency Planning and
Community Right-To-Know-Act

Title I of the Superfund Amendments and Reauthori-
zation Act is a free-standing law, called the Emergency
Planning and Community Right-To-Know Act. This

Act requires that the public be given information about
hazardous chemicals in their communities. Italso estab-
lished emergency planning and notification procedures to
protect the public in the event of a hazardous chemical
release.

Subtitle B contains requirements for reporting informa-
tion to local communities on hazardous materials exist-
ing in or released from a facility near those locales. The
Hanford Site was in compliance with the reporting and
notification requirements of the Act. The 1992 Hanford
Tier-Two Emergency and Hazardous Chemical Inventory
(DOE 1993a) report was issued March 1, 1993, to the
State Emergency Response Commission, local county
emergency management committees, and the local fire
departments. This report contains information on
hazardous materials stored across the Hanford Site.
Table 3.18 summarizes the information reported, listing
the 10 chemicals stored in greatest quantity on the
Hanford Site.
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Table 3.17. Radioactive Solid Waste Disposal, 1992

Low-Level Low-Level Low-Level Transuranic

Constituent Units Low-Level Mixed Plus® Mixed Plus® Transuranic Mixed
Uranium g 9.9 x10° 2.9 x10? 0.0 0.0 2.6 x 10° 2.6x 10°
Plutonium g 3.2 4.1 x 10 1.6 x10* 2.5x 107 55x 102 36x 107
Americium g 7.3 x10" 1.9 x10! 1.0 x107 22 x 1010 1.0 x 10 8.8
Thorium g 8.6 x10? 2.0 x10°® 0.0 0.0 1.0 x 10? 0.0
Strontinm Ci 3.5x10° 2.0 x 10! 0.0 5.0 x 10 0.0 6.4x 10
Europium Ci 3.7x10° 2.0x10? 00 0.0 72 x 10* 0.0
Cesium Ci 3.7 x10° 3.6 x10' 0.0 1.4 x 10 7.2 x 1072 2.8
Other fission Ci 3.6 x10! 34 0.0 1.8 x 10° 39 x 10* 96x 10®

and activation

products

(a) Low-level with polychlorinated biphenyls.
(b) Low-level mixed with polychlorinated biphenyls.

Table 3.18. Hanford Site Tier-Two Emergency and The annual toxic chemical release inventory (DOE 1992i)
Hazardous Chemical Inventory Average Balance of report is provided to EPA as information only, as

Ten Chemicals Stored in Greatest Quantity, 1992 directed by HQ. EPA no longer requires this report since

the primary mission of the Hanford Site has shifted from
Average Daily production operations to environmental restoration.
Hazardous Material Balance, kg Available to the public, the report has Site information

on toxic chemical releases and transfers, as well as waste

Coal 7.0x 107 management practices.

Mineral oil 4.1 x 10°

Sodium 2.7x 108

Uranium nitrate hexahydrate 1.6 x 10°

Diesel fuel 1.0x 10¢

Fuel oil, No. 6 1.0x 10°

Nitrogen 7.0x 10°

Nitric acid 6.7 x 10°

Ethylene glycol 6.0 x 10

Sodium chloride 5.2 x 10
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4.0 Environmental Program Information

It is DOE’s policy to conduct its operations in an envi-
ronmentally responsible manner and comply with appli-
cable environmental standards. At the Hanford Site, a
variety of environmental activities are performed to com-
ply with laws and regulations, enhance environmental
quality, and monitor the impact of environmental pollut-
ants from Site operations.

Section 2.0 summarized the status of Hanford’s compli-
ance with applicable regulations, activities under way to
achieve compliance, and programs to manage and
improve environmental quality.

This section summarizes significant activities conducted
in 1992 to assess the status of wildlife and cultural
resources, monitor the meteorology and climatology of
the Site, and conduct special environmental programs.
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4.1 Climate and Meteorology

Meteorological measurements are conducted to support
1) Hanford Site emergency preparedness and response,
2) atmospheric dispersion calculations, and 3) Hanford
Site operations. Support is provided through weather
forecasting and the maintenance and distribution of
climatological data. Forecasting is provided to help
manage weather-dependent operations. Climatological
data are provided to help plan weather-dependent
activities and are used as a resource to assess the
environmental effects of operations.

The Cascade Mountains beyond Yakima to the west
greatly influence the climate of the Hanford Site. This
range creates a rain shadow effect and also serves as a
source of cold air drainage, which has a considerable
effect on the wind regime.

The prevailing wind direction on the 200 Area plateau is
from the northwest in all months of the year. The
secondary wind direction is from the southwest. Sum-
maries of wind direction indicate that winds from the
northwest quadrant occur most often during the winter
and summer. During the spring and fall, the frequency
of southwesterly winds increases, with a corresponding
decrease in northwest flow. Monthly average wind
speeds are lowest during the winter months, averaging 10
to 11 km/h (6 to 7 mph), and highest during the summer,
averaging 14 to 16 km/h (9 to 10 mph). Wind speeds
that are well above average are usually associated with
southwesterly winds. However, the summertime drain-
age winds are generally northwesterly and frequently
reach 50 km/h (30 mph). These winds are most preva-
lent over the northern portion of the Site.

Diurnal and monthly averages and extremes of tempera-
ture, dew point, and humidity are given by Stone et al.
(1983). The record maximum temperature is 46°C
(115°F), and the record minimum temperature is -32.8°C
(-27°F). For the period 1912 through 1980, the average
monthly temperatures ranged from a low of -1.5°C
(29.3°F) in January to a high of 24.7°C (76°F) in July.
During the winter, the highest monthly average tem-
perature at the Hanford Meteorological Station (HMS)
was 6.9°C (44.4°F), and the record lowest was -5.9°C

(21.4°F); both occurred during February. During the
summer, the record maximum monthly average tempera-
ture was 27.9°C (82.2°F) (in July), and the record lowest
was 17.2°C (63°F) (in June). The annual average rela-
tive humidity at the HMS is 54%. Itis highest during the
winter months, averaging about 75%, and lowest during
the summer, averaging about 35%. Average annual pre-
cipitation at the HMS is 16 cm (6.3 in.). Most of the
precipitation occurs during the winter, with nearly half of
the annual amount occurring in the months of November
through February.

Atmospheric dispersion is a function of wind speed, dur-
ation and direction, atmospheric stability, and mixing
depth. Dispersion conditions are generally good if winds
are moderate to strong, the atmosphere is of neutral or
unstable stratification, and there is a deep mixing layer.
Good dispersion conditions associated with neutral and
unstable stratification exist about 57% of the time during
the summer. Less favorable dispersion conditions may
occur when the wind speed is light and the mixing layer
is shallow. These conditions are most common during
the winter, when moderately to extremely stable strat-
ification exists about 66% of the time. Occasionally
there are extended periods, primarily during winter
months, of poor dispersion conditions that are associated
with stagnant air in stationary high-pressure systems.

Results of 1992 Monitoring

The weather in 1992 was much warmer and wetter than
normal. In fact, 1992 was the warmest year on record
and the seventh consecutive year with an above-normal
annual average temperature. The average temperature
for 1992 was 13.6°C (56.4°F), 1.7°C (3.1°F) above-
normal [11.9°C (53.3°F)]. Ten months during 1992 were
warmer than normal, with nine months at least 0.6°C
(1.1°F) above normal, and five months more than 2.0°C
(3.6°F) above normal. Only two months were colder
than normal, and both by less than 1.0°C (1.8°F). June
(a record warm month) had the largest positive departure,
3.9°C (7.0°F) above normal; while December, at 0.8°C
(1.4°F) below normal, had the largest negative departure.
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Precipitation for 1992 totaled 20.0 cm (7.9 in.), 126% of
normal [15.9 cm (6.3 in.)], with 59.4 cm (23.4 in.) of
snow [compared to an annual normal of 35.1 cm (13.8
in.)]. Because 1992 was warmer than normal, with
above normal precipitation and no significant cold
outbreaks, little adverse impact to either flora or fauna
would be anticipated.

The average wind speed for 1992 was 11.0 km/h (6.8
mph), 1.4 km/h (0.9 mph) below normal, and the peak

gust for the year was 97 km/h (60 mph) on January 28.
Figure 4.1 shows the 1992 wind roses (diagrams showing
direction and frequencies of wind) for meteorological
monitoring stations on and around the Hanford Site.

Table 4.1 provides monthly climatological data from the
Hanford Meteorology Station for 1992.

/A

™ ™ = e
0 10 20 30

Frequency (%)

0 4 8 kilometers

0 2 4 6 8 miles

$9303012.2

Figure 4.1. Hanford Meteorological Monitoring Network Wind Roses, 1992. Individual lines indicate
direction from which wind blows. Length of line is proportional to frequency of occurrence from a particular

direction.
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4.2 Wildlife

The Hanford Site is a relatively large, undisturbed area
of shrub-steppe that contains numerous plant and animal
species adapted to the region's semi-arid environment.
The vegetation mosaic of the Site consists of ten major
plant communities: 1) sagebrush/bluebunch wheatgrass,
2) sagebrush/cheatgrass or sagebrush/Sandberg’s blue-
grass, 3) sagebrush-bitterbrush/cheatgrass, 4) grease
wood/cheatgrass-saltgrass, 5) winterfat/Sandberg’s
bluegrass, 6) thyme buckwheat/Sandberg’s bluegrass,

7) cheatgrass-tumble mustard, 8) willow or riparian,

9) spiny hopsage, and 10) sand dunes (Cushing 1992).
Nearly 600 species of plants have been identified on the
Hanford Site (Sackschewsky et al. 1992). Cheatgrass is
the dominant plant on fields that were cultivated 40 years
ago.

More than 300 species of terrestrial and aquatic insects,
12 species of reptiles and amphibians, 44 species of fish,
187 species of birds, and 39 species of mammals have
been found on the Hanford Site (Cushing 1992). Deer
and elk are the major large mammals on the Site; coyotes
are plentiful, and the Great Basin pocket mouse is the
most abundant mammal. Waterfowl are numerous on the
Columbia River, and the bald eagle is a regular winter
visitor along the river. Salmon and steelhead are the fish
species of most interest.

There are two types of natural aquatic habitats on the
Hanford Site; one is the Columbia River, and the other is
provided by the small spring-streams and seeps located
mainly on the ALE Reserve in the Rattlesnake Hills.
These include.Rattlesnake Springs, Dry Creek, Snively
Springs, and West Lake, a small, natural pond near the
200 Areas. Several artificial water bodies, both ponds
and ditches, have been formed as a result of wastewater
disposal practices associated with the operation of the
reactors and separation facilities; these water bodies form
established aquatic ecosystems complete with representa-
tive flora and fauna (Emery and McShane 1980).

No plants or mammals on the federal list of Endangered
and Threatened Wildlife and Plants (50 CFR 17.11,
17.12) are known to reside fulltime on the Hanford Site.
However, four plant species, four mammals, eight birds,
and two molluscs occurring on the Hanford Site are

currently candidates for formal listing by the federal
government and/or Washington State. The federal
government lists the peregrine falcon as endangered and
the bald eagle and Aleutian Canada goose as threatened.
The peregrine falcon and Aleutian Canada goose are
migrants through the Hanford Site, and the bald eagle is
a common winter resident. Appendix G lists special-
status species that could occur on the Hanford Site.

Results for Wildlife
Resource Monitoring,
1992

Wildlife populations inhabiting the Hanford Site are
monitored to measure the status and condition of the
populations and assess effects of Hanford operations.
Particular attention is paid to species that are rare,
threatened, or endangered nationally or statewide and
those species that are of commercial, recreational,, or
aesthetic importance statewide or locally. These species
include the bald eagle, chinook salmon, Canada goose,
several species of hawk, Rocky Mountain elk, mule deer,
white pelican, and other bird species.

Fluctuations in wildiife and plant species on the Hanford
Site appear to be a result of natural ecological factors and
management of the Columbia River system. The estab-
lishment and management of the Hanford Site has had a
net positive effect on wildlife relative to probable alter-
native uses of the Site.

Bald Eagle

Bald eagles are listed by the U.S. Fish and Wildlife
Service as endangered in most states and as threatened in
the state of Washington. Historically, bald eagles have
wintered along the Hanford Reach of the Columbia
River. However, when monitoring began in the early
1960s, numbers were very low (Figure 4.2). Following
the passage of the Endangered Species Act in 1973, the
number of wintering bald eagles increased. Possible
reasons for the observed increase are the added
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Figure 4.2. Bald Eagles Observed Along the
Hanford Reach, Fall and Winter Months, 1962
Through 1992

protection of bald eagles at nesting locations off the
Hanford Site and the nationwide elimination of dichloro-
diphenyltrichloroethane (DDT) as an agricultural pesti-
cide in 1972. On a local scale, changes in the number of
eagles on the Hanford Site generally correspond to
changes in the number of salmon carcasses, a major fall
and winter food source for eagles. Most of the eagles
using the Hanford Reach are concentrated in the section
between the abandoned old Hanford townsite and the
100-K Area.

The Hanford Reach is expected to continue providing
wintering habitat, as long as the critical resources such as
food, perches, and relative freedom from human activi-
ties are maintained. Limited nest building by bald eagles
has been observed at the Hanford Site in recent years,
although none of the attempts have been successful.

Chinook Salmon

Chinook salmon are an important resource to the citizens
of the Pacific Northwest. Salmon are caught commer-
cially and for recreation. The commercial and recrea-
tional catch is carefully managed to sustain the resource.
Today the most important natural spawning area in the
mainstream Columbia River for the fall chinook race

is found in the free-flowing Hanford Reach. In the early
years of the Hanford Site, there were few spawning nests
(redds) in the Hanford Reach (Figure 4.3). In the years
between 1943 and 1971, a number of dams were con-
structed on the Columbia River. The reservoirs created
behind the dams eliminated most mainstem spawning
areas and increased salmon spawning in the Hanford
Reach. Fisheries management strategies aimed at main-
taining spawning populations in the mainstem Columbia
River have also contributed to the observed increases. In
recent years, numbers of fall chinook salmon spawning
in the Hanford Reach have declined consistent with
reduced run sizes returning to the Columbia River. The
number of salmon varies each year depending on hatch-
ing success, survival of downstream juveniles, and the
size of the commercial and recreational catches. The
Hanford Reach under existing management practices
continues to provide valuable salmon spawning habitat.
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Figure 4.3. Chinook Salmon Spawning Redds in
the Hanford Reach, 1948 Through 1992

Canada Goose

Nesting Canada geese are valuable recreational and aes-
thetic resources along the Snake and Columbia rivers in
eastern Washington. Goose nesting surveys began in the
1950s to monitor changes in response to reactor opera-
tions (Figure 4.4). The gradual decline observed in the
late 1960s and early 1970s is attributed (o persistent
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Figure 4.4. Canada Goose Nests on Islands in the
Hanford Reach, 1952 Through 1992

coyote predation, mostly on the Columbia River islands
upstream from the old Hanford townsite. Since the
1970s, the center of the nesting population has shifted
from upstream to downstream islands near Richland,
which in recent years have been relatively free from coy-
ote predation. The recent peak in Canada goose nests
eclipsed the previous record from the late 1950s.

Canada goose populations are successful on the Hanford
Reach because the islands are restricted from human uses
during the nesting period and because shoreline habitats
provide adequate food and cover for broods (Eberhardt
et al. 1989).

Hawks

The undeveloped land of the semi-arid areas of the
Hanford Site provides nest sites and food for three spec-
ies of migratory buteo hawks: Swainson’s, red-tailed,
and ferruginous. Under natural conditions, these hawks
nest in trees, on cliffs, or on the ground. Powerline
towers and poles also can serve as nest sites. The ferru-
ginous hawk is a U.S. Fish and Wildlife Service candi-
date species for listing as threatened and/or endangered.
In recent years, the number of ferruginous hawks nesting

Wildlife

on the Hanford Site has increased (Figure 4.5). Hawks
raised on the Hanford Site die during offsite migration
and while wintering on ranges far from the Hanford Site.
The Site continues to provide hawk nesting habitats
administratively protected from human intrusions, as
well as providing suitable foraging areas. The sharp
declines in red-tailed and Swainson's hawk nests in the
late 1980s are probably not a result of Hanford Site
activities because the number of nests for the very sensi-
tive ferruginous hawk did not decline (Figure 4.5).
Decreases in nesting red-tailed and Swainson's hawks
were probably related to impacts that occurred during
their migration and/or while they were on their wintering
grounds.
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Figure 4.5. Red-Tailed, Swainson’s, and Ferrugi-
nous Hawks on the Hanford Site, 1975 Through
1992

Rocky Mountain Elk

Rocky Mountain elk did not inhabit the Hanford Site
when it was established in 1943. Elk appeared on the
ALE Reserve in the winter of 1972. A few animals
stayed and reproduced. The greatest number of elk
recorded was 190, before the 1992 offsite hunting season
(Figure 4.6). With a regulated hunting season on private
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Figure 4.6. Elk on the Hanford Site Counted by
Aerial Surveillance During the Post-Calving
Period: August Through September; and the
Post-Hunting Period: December Through January,
1975 Through 1992

lands adjoining the ALE Reserve, the elk population
appeared to be holding at less than 100 animals until the
spring of 1990. However, comparatively few elk were
killed during the past three offsite hunting seasons, and
the herd has expanded to its current population of

182 animals.

Elk are successful on the ALE Reserve because of

1) available forage without competition from domestic
livestock; 2) unrestricted access to drinking water at
springs located on the ALE Reserve; 3) relatively mild
winters; 4) ability to accommodate extreme summer tem-
peratures, even in the absence of shade; and 5) absence
of hunting on the Site.

Mule Deer

Mule deer are a common resident of the Hanford Site
and are important because of the recreational (offsite
hunting) and aesthetic values they provide. Because
mule deer have been protected from hunting on the
Hanford Site for approximately 50 years, the herd has
developed a number of unique population characteristics

200 t
180 | i

that are in contrast to most other herds in the semiarid
region of the Northwest. These characteristics include a
large proportion of old-age animals and large-antlered
males. This herd provides a unique opportunity for com-
parison to other more heavily harvested herds in this
region.

Because of the unique nature of the herd and high degree
of public interest, a study was initiated in 1990 to

1) obtain estimates of the number of deer on the Hanford
Site, 2) determine the extent and frequency of offsite
movements by Hanford Site deer, and 3) evaluate the
level of °Sr in deer from the 100 Areas (see Section 5.5,
“Wildlife Surveillance™).

Thirty-six mule deer were captured and fitted with ear
tags and/or radio collars in 1990 between the old
Hanford townsite and the N Reactor. Frequent offsite
movements were made by these deer during the year, and
one animal was killed by a hunter during one of these
movements. In general, the mule deer population on the
Hanford Site appears to be healthy. The numbers of deer
on the Hanford Site do not appear to have changed
dramatically over the last few decades, and many very
old (>5 years) animals are present.

White Pelican

Historically, the white pelican has visited the Hanford
Reach of the Columbia River in small numbers each
winter. This large, fish-eating bird has only recently
been listed by the Washington State Department of
Wildlife as endangered. Therefore, they have not been
monitored as extensively as bald eagles. Many of the
features of the Hanford Reach that make it attractive to
wintering bald eagles also make it attractive to white
pelicans.

Shrub-Steppe Birds of Special
Concern

The Washington Department of Wildlife has listed sev-
eral shrub-steppe birds as species of special concern
because their populations have been diminished by
massive losses of native shrub-steppe habitat as a result
of expanding agriculture and urbanization. The Hanford
Site contains large contiguous areas of relatively undis-
turbed shrub-steppe habitat that provides nesting habitat
for these birds. To determine the spatial distribution and
relative abundance of species of special concern (sage
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sparrows, sage thrashers, loggerhead shrikes, and long-
billed curlews), two transects have been monitored on
the Hanford Site over the past 5 years using U.S. Fish
and Wildlife Service procedures. These transects cross a
variety of habitats including relatively undisturbed
shrub-steppe, recently burned shrub-steppe, and agri-
cultural fields that were abandoned in the early 1940s
and are now dominated by cheatgrass.

The only shrub-steppe species of special concern that
nested in the abandoned fields was the long-billed cur-
lew. The sage thrasher was seldom seen along either
transect route, which is in agreement with other studies
of shrub-steppe birds that indicate that sage thrashers are
not abundant in low-elevation shrub-steppe habitats.
Sage sparrows were most common in places that sup-
ported stands of sagebrush which had escaped burning
by recent wildfires. Loggerhead shrikes were less plenti-
ful than sage sparrows and occurred in places that sup-
ported either sagebrush or bitterbrush shrubs.

The lower elevations of the Hanford Site provide habitat
suitable for viable populations of long-billed curlews,
sage sparrows, and loggerhead shrikes but not sage
thrashers. The long-billed curlew nests on the ground
and is not dependent on desert shrubs for nest placement.
However, sage sparrows and loggerhead shrikes place
their nests in the branches of desert shrubs; thus, the loss
of sagebrush and bitterbrush shrubs through burning is
detrimental to these species.

Special Plants and Invertebrate
Animals

The Washington Natural Heritage Program (1990) has
identified three species of vascular plants that could be
jeopardized by construction and/or cleanup activities
performed on the Hanford Site. These species are

Wildlife

Columbia yellowcress, Columbia milk vetch, and
Hoover’s desert parsley. Columbia yellowcress is listed
as an endangered taxon in Washington State. It occurs
along the shoreline of the Columbia River on the
Hanford Site. Columbia milk vetch is listed as a
threatened taxon and occurs on dry land of the Hanford
Site upstream from the Vernita Bridge. Hoover’s desert
parsley, also listed as a threatened taxon, occurs on talus
slopes of the Hanford Site in the same general area as
Columbia milk vetch.

The U.S. Fish and Wildlife Service lists the Columbia
pebblesnail and shortface limpet as candidate species for
protection as threatened or endangered species. Both
inhabit the Hanford Reach of the Columbia River and
appear to have been widespread historically in the main-
stem Columbia River Basin before the installation of
dams. Both species are now apparently reduced within
the Columbia Basin to isolated populations that are sepa-
rated by large areas of unsuitable habitat.

Only two sizable populations of Columbia pebblesnail
remain: those in the Methow and Okanogan rivers of
north central Washington. Neither of these larger pop-
ulations are protected. Smaller populations survive in
the Hanford Reach and elsewhere. Because of the lack
of habitat protection and the substantial reduction in the
species' historical range, the Columbia pebblesnail will
probably be listed federally as endangered.

Currently, large populations of shortface limpets persist
in four streams: the Deschutes River, Oregon; the
Hanford Reach of the Columbia River, Washington;
Hells Canyon, Idaho and Oregon; and the Okanogan
River, Washington. Smaller populations exist elsewhere.
While substantial range reduction has occurred in this
species, and the large populations are not protected, the
shortface limpet will probably be listed federally as
threatened.
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4.3 Other Environmental Studies
and Programs

Besides the meteorological and wildlife resource
monitoring on the Hanford Site, other studies and
programs investigate environmental issues. These
studies and programs include the Hanford Cultural
Resources Laboratory, Hanford Environmental Dose
Reconstruction Project, Community-Operated Environ-
mental Surveillance Program, and others.

Hanford Cultural
Resources Laboratory

The Hanford Cultural Resources Laboratory (HCRL)
was established by RL in 1987 as part of PNL. The
HCRL provides support for managing the archaeological,
historical, and cultural resources of the Hanford Site in a
manner consistent with the National Historic Preserva-
tion Act, the Native American Graves Protection and
Repatriation Act, the Archaeological Resources
Protection Act, and the American Indian Religious
Freedom Act.

Pursuant to Section 106 of National Historic Preservation
Act, cultural resource reviews are conducted before each
proposed ground-disturbing or building alteration/
demolition project on the Hanford Site. During the FY
1992, Hanford contractors requested 286 such reviews,
29 of which required archaeological surveys. The sur-
veys covered a total of 2,539 ha (6,276 acres) and
resulted in discovery of 10 prehistoric archaeological
sites, 63 historic archaeological sites, 4 archaeological
sites with historic and prehistoric components, and 2
sites of undetermined cultural affiliation.

The archaeological site monitoring program, devised to
comply with Section 110 of the National Historic Preser-
vation Act, is designed to determine the current condition
of cultural resources, and thus to determine whether

cultural resource management and protection policies are
effective. Results of monitoring are used in planning
cultural resource site management and protection.
Following procedures established in the Hanford
Cultural Resources Management Plan (Chatters 1989),
staff monitored the condition of 39 sites. The conclu-
sions from this year’s monitoring are very similar to
those of previous years. Natural erosive processes are
the most significant factors impacting the majority of
sites and could be reduced by revegetation. Sites outside
the security fence continue to receive the heaviest im-
pacts from looters and vandalism. A more recently
recognized impact on sites inside and outside the
security perimeter is wind erosion enhanced by
off-road vehicle use.

Activities for the cultural resources education program
included presenting lectures to groups of all ages and
developing a series of displays to be used in Hanford Site
facilities for worker education. Lectures were presented
to groups ranging from primary school rockhounds to
civic groups. Work on a video about the cultural
resources program continued throughout the year.

The archaeological survey of areas of the Hanford Site
that are not targeted for development is a requiremnent of
Section 110 of the National Historic Preservation Act
and of 1988 amendments to Archaeological Resources
Protection Act. The Hanford Cultural Resources
Management Plan specifies that a 10% stratified random
sample or Hanford Site lands will be surveyed to refine
an existing model of archaeological site distributions.
One sample plot covering 0.04 ha (0.1 acre) was sur-
veyed in 1992. No archaeological sites were recorded.

Research activities were conducted when possible as part
of compliance work. The emphasis was on fish exploita-
tion and reconstruction of paleostream conditions.
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Hanford Environmental
Dose Reconstruction
Project

In 1987, after receiving a recommendation by the
Hanford Health Effects Review Panel the previous year,
DOE directed PNL to begin the Hanford Environmental
Dose Reconstruction (HEDR) Project. (The Hanford
Health Effects Review Panel had been formed to
consider the potential health implications of historic
Hanford Site releases of radioactive materials.) The
objective of the HEDR Project is to develop estimates of
the radiation doses that people may have received from
past Hanford operations. An independent Technical
Steering Panel was selected by the Vice Presidents for
Research at major universities of Washington and
Oregon to direct the work of the project. The 18-
member panel consists of experts in various technical
fields relevant to HEDR Project work and representatives
from the states of Washington, Oregon, and Idaho;
Native American tribes; and the public. In 1991,
responsibility for managing the HEDR Project trans-
ferred to the U.S. Department of Health and Human
Services through the Centers for Disease Control and
Prevention. The Technical Steering Panel continues its
role as the technical director of the work.

In 1990, scientists completed the first phase of the
HEDR Project, which was to determine whether enough
information of sufficient quality existed to develop and
demonstrate a dose-estimating method. The product of
this phase was a set of more than 20 documents that
describe:

» the preliminary information found or recon-
structed

+ preliminary dose-estimating models and com-
puter codes

» preliminary estimates of dose and their uncer-
tainties for representative individuals who
may have lived near the Hanford Site during
early years of operations.

Work since 1990 has concentrated on improving the
tools and data to be used in dose calculations. Technical
work for 1992 consisted of restructuring models to
enhance their capabilities, developing detailed estimates
of releases of radioactive materials, and identifying,

acquiring, and evaluating additional information needed
to produce estimates. This information is being devel-
oped for the 194,000 km?(75,000-mi?) study area
highlighted in Figure 4.7, for major exposure pathways,
and for the full history of the Hanford Site—1944
through 1991.

In addition to work being performed at PNL, eight
northwest Native American tribes are conducting
research to support dose estimates for their tribal
members.

The key deliverables of the project are the tools for the
estimation of doses to real individuals currently being
interviewed by staff from the Fred Hutchinson Cancer
Research Center under a separate contract with the
Centers for Disease Control and Prevention. The actual
life histories of these individuals will be used to produce
accurate dose estimates.

Community-Operated
Environmental Surveillance
Program

A Community-Operated Environmental Surveillance
(COES) Program was initiated in 1990 to increase the
public's involvement in and awareness of Hanford's
surveillance program. Itis hoped that this program will
increase public understanding of surveillance results,
provide a mechanism for the public to raise Hanford-
related environmental surveillance issues, and provide an
educational resource for local schools.

Three community-operated environmental surveillance
stations began operation in March 1991. These stations
are located downwind of the Hanford Site at Basin City
Elementary School in Basin City, Edwin Markham
Elementary School in north Franklin County, and Leslie
Groves Park in Richland (see Figure 5.2). Local resi-
dents have access to the monitoring stations to observe
the instruments and results.

Two teachers from nearby schools have been trained to
manage and operate each community-operated station.
One teacher functions as station manager, and the other
acts as a backup or alternate manager. The teachers’
current responsibilities include collecting a variety of air
samples, preparing samples and collection records for
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Figure 4.7. Area Considered in Estimating Doses from Past Hanford Operations in the Hanford Environ-

mental Dose Reconstruction Project

submission to a radioanalytical laboratory, monitoring
the performance of station equipment, performing minor
station maintenance, and participating in scheduled
training. The managers also serve as public spokes-
persons for the COES Program and function as points of
contact for local citizens. PNL scientists work closely
with the station managers to maintain the equipment and

coordinate sampling and analytical efforts with other
Hanford environmental surveillance activities.

Results from these stations are discussed in Sections 5.2,
“Air Surveillance,” and 5.7, “External Radiation
Surveillance.”
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Other Environmental
Activities

Other significant environmental activities during 1992
included compilation of a Hanford Site land use planning
initiative, the continuation of a National Park Service
study to consider environmental protection alternatives
for the Hanford Reach, and environmental reviews under
the National Environmental Policy Act. Each of these
activities is summarized in Section 2.0, “Environmental
Compliance Summary.”

A tribal educational outreach program was established in
1991 to monitor water quality and fish health in the

lower and mid-Columbia River. The program was
established to address concerns about the effects of past
and present operations at the Hanford Site on water
quality and the health of salmon and fish consumers.
During the summer of 1992, a Yakima Indian Nation
college student contacted tribal fishers and fish buyers
along the Columbia River between McNary and
Bonneville dams in search of salmon that appeared to be
diseased or contaminated. Over 80,000 saimonids were
caught during the study, and 4 fish were reported as
suspect and examined. None of the fish was found to be
contaminated or diseased. Lesions observed on the fish
that were suspected as signs of disease were determined
by the U.S. Fish and Wildlife Service to be abrasions
caused by gill nets.
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5.0 Environmental Surveillance
Information

Environmental monitoring of the Hanford Site consists
of effluent monitoring and environmental surveillance.
Section 3.0 describes the Site effluent monitoring pro-
gram. Section 5.0 describes the results of the surface and
ground-water surveillance programs for 1992. Quality
assurance and control for monitoring programs are
discussed in Section 7.0.

In many places, the uncertainty of a result is reported in
the units of the measurement or as a percentage. When
attempting to measure extremely small quantities,
uncertainties become large. Statistically, there is a high
probability (95%) that the actual result is within the
uncertainty range. When the uncertainty is equal to

(100%) or larger than the result, the actual value may be
zero. The Helpful Information section at the beginning
of this document is provided for the reader desiring
further explanation of the notation, units, and type of
information being reported.

The environmental surveillance data presented in the
following sections are summaries prepared to describe
the range of conditions observed during the year in
different locations. Additional data can be found in
Appendix A, and detailed results by specific sampling
location are contained in a data volume, Hanford Site
Environmental Data 1992—Surface and Columbia River
(Bisping and Woodruff 1993).
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5.1 Environmental Surveillance
at Hanford

Environmental surveillance of the Hanford Site and sur-
rounding region is conducted to demonstrate compliance
with environmental regulations, confirm adherence to
DOE environmental protection policies, support DOE
environmental management decisions, and provide infor-
mation to the public. Surveillance is conducted as an
independent program under DOE Orders 5400.1, “Gen-
eral Environmental Protection Program,” and 5400.5,
“Radiation Protection of the Public and Environment,”
and the guidance in Hanford Site Environmental Regu-
latory Guide for Radiological Effluent Monitoring and
Environmental Surveillance (DOE 1991a). The scope,
objectives, criteria, design, and description of the pro-
gram are summarized below and provided in detail in the
Hanford Site Environmental Monitoring Plan (DOE
1991b).

Scope

Environmental surveillance encompasses sampling and
analysis for potential radiological and chemical con-
taminants on and off the Hanford Site. Emphasis is
placed on surveillance of those pathways and radionu-
clides, or chemicals, constituting the greatest potential
risk to humans. The program has always been focused
on radionuclides and nonradiological water quality
parameters. In the last few years, however, surveillance
for hazardous chemicals has been initiated. The environ-
mental surveillance program focuses on routine opera-
tional activities conducted by DOE contractors on the
Hanford Site; however, the program is also responsive to
unplanned releases and releases from non-DOE opera-
tions on and near the Site. Surveillance results are pro-
vided annually through this report series. In addition,
unusual results or trends are reported to DOE and the
appropriate facility managers when they occur. Whereas
effluent and near-facility environmental monitoring is
conducted by the facility operating contractor, environ-
mental surveillance is conducted under an independent
program that reports directly to the DOE Quality, Safety,
and Health Programs Division.

Objectives

Key surveillance objectives in 1992 included:

« verifying compliance with DOE and EPA radio-
logical dose standards for public protection

« independently assessing the adequacy of facility
pollution controls

+ assessing the environmental and public health
impacts of Hanford operations

+ identifying and quantifying potential environ-
mental quality problems

» providing information to DOE for environmental
management of the Site, and for the public and
regulatory agencies.

Criteria

The criteria for environmental surveillance are derived
from DOE Order 5400.1, guidance published for DOE
sites (DOE 1991a), and the above-stated objectives.
These criteria, pathway analyses to determine the radio-
nuclides and media contributing to the dose to humans,
and local needs and interests have been used in establish-
ing the surveillance program. Experience gained from
environmental surveillance activities and studies con-
ducted at the Hanford Site for more than 45 years have
provided valuable technical background for planning and
data interpretation.

Surveillance Design

Environmental surveillance at Hanford is designed to
meet the previously listed objectives, considering the
environmental characteristics of the Site and the potential
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and actual releases from Site activities. The main focus
is on determining environmental impacts and compliance
with public health standards, as well as environmental
standards or protection guides, rather than on detailed
radiological and chemical characterization.

The primary pathways for movement of radioactive
materials and chemicals from the Site to the public are
the atmosphere, surface water, and ground water. Fig-
ure 5.1 illustrates these potential primary routes and the
possible exposure pathways to humans. The significance
of each pathway is determined from measurements and

calculations that estimate the amount of radioactive
material transported along each pathway and by compar-
ing the concentrations or dose to environmental and pub-
lic health protection standards or guides. Pathways are
also evaluated based on prior studies and observations of
radionuclide and chemical movement through the envi-
ronment and food chains. Calculations based on effluent
data show the expected concentrations off the Hanford
Site to be low for all radionuclides and generally below
the level that can be detected by monitoring technology.
To ensure that radiological analyses of samples are suffi-
ciently sensitive, minimum detectable concentrations of

Atmospheric
Release

B il Liquid Release to

~—
’ \
Irrigation $

%7\\// \\é

Mﬁﬁﬂ-ﬁm—/\—\
_ - /

Deposition
to Ground

- Water and Ground ~ N
'/ N\ V/ Bt = ,
// \A g ST

Q

Shoreline Exposure

/
. /;7 =l
Aquatic Food // P
Ingestion /// ﬂ P
\ = L

7 : .
) / walatlon
/
/ N

\\ Wildlife
Resuspension N Ingestion
and Inhalation

Direct ——__ D

Exposure ‘RA

Animal Product
Ingestion a—-———-ix

~1 ~/ Crop Ingestion |

e

—

&

Drinking
Water
Ingestion P/L _

T ~- -3 7

§9203058.131C

Figure 5.1. Primary Exposure Pathways
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key radionuclides in ait, water, and food are established
at levels well below the levels that correspond to the
standards.

Environmental and food-chain pathways are monitored
near the facilities releasing effluents and at offsite recep-
tor locations. The surveillance design at Hanford uses a
stratified sampling approach to monitor these pathways.
Samples are collected and radiation is measured in three
general surveillance zones that extend from onsite opera-
tional areas to the offsite environs.

The first zone extends from near the operational areas to
the Site perimeter. The environmental concentrations of
releases from facilities and fugitive sources (those
released from other than monitored sources such as con-
taminated soils) will generally be the highest, and there-
fore most easily detected, in this zone. The second sur-
veillance zone consists of a series of perimeter sampling
stations positioned near or just inside the Site boundary.
Data from these stations document or represent condi-
tions at the nearest points at which members of the pub-
lic reside or could reside. Exposures at these locations
are typically the maximum that any member of the pub-
lic could receive. The third surveillance zone consists of
nearby and distant community locations within an 80-km
(50-mi) radius of the Site. Surveillance is conducted in
communities to provide measurements at those locations
where the most people are potentially exposed and to
provide assurance to the communities that levels are well
below standards established to protect public health.

Background concentrations are measured at distant locat-
ions and compared with onsite, perimeter, and commun-
ity locations as an indicator of the effects of Hanford
operations. Background locations are locations that are
essentially unaffected by Hanford operations, that is
locations which can be used to measure ambient envi-
ronmental levels of chemicals and radionuclides.

To the extent possible, radiation dose assessments should
be based on direct measurements of radiation dose rates
and radionuclide concentrations in environmental media.
The amounts of most radioactive materials released from
Hanford operations in recent years have generally been
too small to be measured directly once dispersed in the
offsite environment. For the measurable radionuclides,
it is often not possible to distinguish levels resulting
from worldwide fallout and natural sources from those
associated from Hanford releases. There, offsite doses
were estimated using the following methods:

Environmental Surveillance at Hanford

» Doses from measured effluents were estimated
by applying environmental transport and dose
calculation models to measured effluent moni-
toring data and selected environmental
measurements.

» Doses from fugitive air emissions (for example,
contaminated soils) were estimated from measured
airborne concentrations at Site perimeter locations.

» Doses from fugitive liquid releases (for example,
ground water seeping into the ColumbiaRiver)
were estimated based on differences in measured
concentrations upstream and downstream from the
Hanford Site.

Program Description

In the first zone, between the operational areas and the
Site perimeter, air monitoring stations were located
around each operational area (see Figure 5.2) because air
transport is a potential key pathway for movement of
radioactive materials off the Site. Surface-water impound-
ments, potentially accessible to wildlife, and drinking
water sources were also sampled (see Figure 5.8). Ground
water was sampled from wells located near operating
areas and along potential transport pathways (see Fig-
ures 5.49 through 5.53). In addition to air and water sur-
veillance, samples of soil, native vegetation, and wildlife
were collected (see Figures 5.30 and 5.32). Direct radi-
atjon dose rates were also measured (Figures 5.42
through 5.44), and selected onsite roads and rails were
surveyed (Figure 5.46).

In the second or perimeter zone, air monitoring stations,
radiation measurement locations and ground-water sur-
veillance wells were located near or just inside the Site
boundary. Both hazardous chemical and radiological
contaminants are measured in ground-water samples.
Agriculture is an important industry near the Site; there-
fore, milk, crops, soil, and native vegetation are moni-
tored (see Figures 5.25 and 5.32) to detect any influence
from Hanford on locally produced food and farm prod-
ucts. The Columbia River is included in the second
zone. River water is monitored upstream from the Site
at Priest Rapids Dam and downstream at Richland,
Washington, where it is used for public drinking water.
Water pumped from the Columbia River for irrigation
is also monitored.
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Surveillance in the third zone, consisting of nearby and
distant communities, includes air, soil, water supplies,
vegetation, and food products sampling, and direct radia-
tion dose rate measurements. Table 5.1 summarizes the
geographic distribution of measurement locations.

Surveillance is conducted under established quality assur-
ance plans (see Section 7.0, “Quality Assurance”) and
written procedures (PNL 1992, 1993). Sample schedul-
ing, accountability, data storage, and data screening were

managed and controlled by computerized systems. Labo-
ratory analyses of samples for radioactivity and chemi-
cals were conducted principally by International Technol-
ogy Corporation and the Pacific Northwest Laboratory,
both in Richland, Washington. Selected river water qual-
ity and chemistry analyses, and temperature and flow mea-
surements were performed by the U.S. Geological Survey,
Denver, Colorado.
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5.2 Air Surveillance

Atmospheric releases from Hanford to the surrounding
region are a potential source of human exposure. For
that reason both radioactive and nonradioactive materials
in air are monitored at a number of locations. The
potential influence of Hanford emissions on local
radionuclide concentrations was evaluated by comparing
concentrations measured at distant locations within the
region to concentrations measured at the Site perimeter.
This section discusses sample collection, analytical
methods, and the results of the air surveillance program.
Detailed analytical results are reported by Bisping and
Woodruff (1993).

Sample Collection and
Analysis

Airborne radionuclides were sampled by a network of
42 continuously operating samplers: 23 on the Hanford
Site, 13 near the Site perimeter, 4 in nearby communities,
and 2 in distant communities. Samples were also collected
at three COES stations that were managed and operated
by local school teachers (Figure 5.2 and Table 5.2). Air
samplers on the Hanford Site were located primarily
around major operational areas to maximize the ability to
detect contaminants resulting from Site operations.
Perimeter samplers were located around the Site, with
emphasis on the prevailing downwind directions to the
south and east of the Site. Continuous samplers located
in Benton City, Richland, Kennewick, Mattawa, and
Pasco provided concentrations at the nearest population
centers. Samplers at the distant communities of
Sunnyside and Yakima provided data from communities
essentially unaffected by Site operations.

Samples were collected according to a schedule estab-
lished before the monitoring year (Bisping 1992). Air
sampling locations are listed in Table 5.2, with specific
analyses for each location. Airborne particles were sam-
pled at each of these locations by continuously drawing
air through a glass fiber filter. The filters were collected
every 2 weeks, field surveyed for total radioactivity to
detect any unusual occurrences, held for at least 7 days at
the analytical laboratory, and then analyzed for total beta

radioactivity. The holding period was necessary to allow
for the decay of short-lived, naturally occurring radionu-
clides (e.g., radon gas decay products) that would
otherwise obscure detection of longer-lived radionuclides
potentially present from Hanford emissions. Field
measurements of radioactivity in samples are used to
monitor changes in environmental conditions that could
warrant attention before the more detailed and sensitive
laboratory analyses are completed. In addition, filters
from most locations were also analyzed for total alpha
radioactivity.

For most radionuclides, the amount of radioactive
material collected on the filter during the 2-week period
was too small to be readily measured. The sensitivity
and accuracy of sample analysis was increased by
combining biweekly samples for nearby locations (or in
some cases a single location) into quarterly composite
samples. The quarterly composite samples were then
combined to form annual composite samples (Table 5.2).
Most quarterly composite samples were analyzed for
numerous specific gamma-emitting radionuclides
(Appendix F). Annual composites were analyzed for
strontium and plutonium (DOE 1991b), and selected
annual composites were also analyzed for uranium
isotopes.

Gaseous "*'T as sampled at selected locations by drawing
air through a cartridge containing chemically treated acti-
vated charcoal. These cartridges were located down-
stream of a particle filter and were exchanged biweekly
or monthly. Sampling on the Hanford Site was per-
formed near operational areas to maximize the potential
for detecting releases and at locations of potential public
exposure. Monthly I samples were collected but were
not routinely analyzed; these samples were collected to
provide additional data in the event of an unusual

release. Iodine-129 was sampled using a similar tech-
nique as 'I; however, a special low-background
petroleum charcoal cartridge was used for increased
sensitivity. Samples were collected monthly and combined
to form quarterly composite samples for each location.

Atmospheric water vapor was collected for *H analysis
by continuously passing air through cartridges containing
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Figure 5.2. Air Sampling Locations, 1992 (see Table 5.2 for location key)
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Table 5.2. Air Sampling Locations, Sample Composite Groups, and Analyses, 1992

Map(u)
Location Sampling Location Analyses® Composite Group Analyses'®
Onsite
1 100-K Beta, alpha, *H
2 100-N Beta, alpha 100 Areas Gamma, Sr, Pu
3 100-D Beta, alpha
4 S of 200-East Beta, alpha
5 E of 200-East Beta, alpha 200-East Gamma, Sr, Pu, U
6 200-East SE Beta, alpha,”H,'*1
7 Rt. 11A, Mi. 9 NRAY
8 N of 200-East NRA
9 SW of B/C Cribs Beta, alpha
10 Army Loop Camp Beta, alpha 200-West, South, and East Gamma, Sr, Pu, U
11 GTE Building Beta, alpha, *H
12 200-West SE Beta, alpha, VOC, PCB 200-West Gamma, Sr, Pu, U
13 300 Water intake Beta . } 300 Area Gamma, Sr, Pu, U
14 300-South Gate Beta, alpha, *H
15 300 NE Beta, alpha, *H, "*'1, 300 NE - Gamma, Sr, Pu, U
VOC, PCB
16 300 Trench Beta, alpha, *H
17 400-East Beta, alpha, *H, *'I
18 400-West Beta, alpha ("*'T NRA)
19 400-South Beta, alpha ("' NRA) 400 Area Gamma, St, Pu
20 400-North Beta, alpha ("*'I NRA)
21 B Pond Beta, alpha B Pond Gamma, Sr, Pu,U
22 Hanford Townsite NRA
23 Wye Barricade 3T (beta and alpha NRA)
Perimeter
24 Berg Ranch NRA
25 Ringold Met. Tower Beta, alpha, °H, '*1"'I Ringold Met. Tower Gamma, Sr, Pu
26 W End of Fir Road Beta, alpha W End of Fir Road Gamma, Sr, U
27 Byers Landing Beta, alpha, °H, '*1,"*'I } Southeast Perimeter Gamma, Sr, Pu, U
28 Pettett Farm Beta, alpha, *H
or Dogwood Met.
Tower®
29 Battelle Complex NRA
30 Horn Rapids Road
Substation Beta, alpha }
31 Prosser Barricade Beta, alpha, °H, '*'1 Prosser Barricade Gamma, Sr, Pu, U
32 ALE Field Lab NRA
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Table 5.2. Air Sampling Locations, Sample Composite Groups, and Analyses, 1992 (contd)

Analyses®

Map(u) ‘
Location Sampling Location Analyses® Composite Group
Perimeter

33 Rattlesnake Springs Beta, alpha, VOC, PCB )

34 Yakima Barricade (collected for composite West Perimeter

only)
35 Vernita Bridge Beta .
36- Wahluke Slope Beta, alpha, *H } Northwest Perimeter

Nearby Communities

37 Pasco Beta
38 Kennewick Beta, alpha
39 Benton City NRA
40 Mattawa NRA

Distant Communities

41 Sunnyside Beta, alpha, °H,

42 Yakima

Community-Operated Stations

J

13II

Beta, alpha, *H, '¥I, '¥'I

Gamma, Sr, Pu

Gamma, Sr, Pu

Tri-Cities Gamma, Sr, Pu
Sunnyside Gamma, Sr, Pu,U
Yakima Gamma, Sr, Pu,U

Basin City Elem. School Gamma, Sr, Pu,U

Edwin Markham Elem. School Gamma, Sr, Pu, U

Leslie Groves Park Gamma, Sr, Pu, U

Beta, alpha, and "*'I samples are collected biweekly (every 2-weeks), *H samples are collected monthly, and '*I samples are

collected monthly and combined into a quarterly composite sample for each location (see Sample Collection and Analysis in

43 Basin City Beta, alpha, *H, "'
44 North Franklin County ~ Beta, alpha, *H, "I
45 Richland Beta, alpha, *H, *'I
(a) See Figure 5.2.
(®)
this section).
(c)
samples (see Sample Collection and Analysis in this section).
(d) NRA =not routinely analyzed.
O]

Dr.) on July 17, 1992.

Gamma scans are performed on quarterly composite samples; Sr, Pu, and U analyses are performed on annual composite

The Pettett Farm air sampler was moved to the Dogwood Meteorology Tower (near corner of Dogwood Rd. and Cottonwood

silica gel, which were exchanged every 4 weeks. The
trapped water was removed from the silica gel and
analyzed.

A detailed description of all radiological sampling and
analytical techniques is provided in the Hanford Site
Environmental Monitoring Plan (DOE 1991b). Air
monitoring was discontinued at several locations in
1992 to reflect the substantial decrease in Hanford Site
air emissions following the 1990 reduction in PUREX
Plant operations. Air sampling was discontinued at
Connell, Eltopia, Othello, Moses Lake, and one location

in Richland. In addition, air samples were collected but
not routinely analyzed at the following locations: ALE
field laboratory; Benton City; Battelle complex; Berg
Ranch; old Hanford townsite; Mattawa; north of the
200-East Area; Route 11A, Mile 9; and Wye Barricade.
Samples from these locations were stored in an archive
facility in the event that later analysis would be required.

Air samples were also collected at three COES stations
located at Basin City Elementary School in Basin City,
Edwin Markham Elementary School in North Franklin
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County, and Leslie Groves Park in Richland (see

Figure 5.2 and Table 5.2). These samples were collected
by local teachers using the same equipment, procedures,
and analytical laboratory as the Hanford Surface Envi-
ronmental Surveillance Program. This work was part of
a DOE-sponsored program to improve public awareness
of Hanford environmental monitoring programs and the
effects of Site operations.

Nonradiological air samples for volatile organic com-
pounds (VOCs) and PCBs were collected downwind of
the 300 Area Process Trenches (Table 5.2, location #15),
at the southeast corner of the 200-West Area (Table 5.2,
location #12), and at a background location near Rattle-
snake Springs (Figure 5.2, near location #33). Air
samples for VOCs were collected using EPA Method
TO-2 (EPA 1988), which uses low-volume air samplers
with adsorbent (carbon molecular sieve) traps. Air
samples were analyzed by Air Toxics, Inc. (Rancho
Cordova, California), using EPA Method TO-2 (EPA
1988). Air samples for PCB analysis were collected
using EPA Method TO-4 (EPA 1988), utilizing high-
volume air samplers equipped with glass fiber filters
and (polyurethane foam) adsorbent traps. Air samples
were analyzed for PCBs by General Physics, Inc.
(Gaithersburg, Maryland), using a combination of EPA
TO-4 (sample media preparation and analytical extrac-
tion) and EPA SWA-846 Method 8080 (EPA 1986a) for
analysis. Both VOC and PCB samples were collected
using primary and secondary adsorbent traps; the
secondary trap was used to monitor vapor penetration
(breakthrough) through the primary trap.

Results

Radiological Results

Radiological air sampling results for onsite, Site perim-
eter, nearby communities, distant communities, and
COES stations for total beta, total alpha, and specific
radionuclides are summarized in Table 5.3. Numerous
specific radionuclides (Appendix F) were analyzed in
the quarterly composite gamma scan analyses (DOE
1991b), but none of Hanford origin were detected
consistently.

Total beta concentrations in air for 1992, as shown in
Figure 5.3, peaked during the winter, repeating a pattern
of natural annual radioactivity fluctuations (Eisenbud
1987). As shown in Table 5.3, the average total beta and

Air Surveillance

total alpha concentrations were about the same onsite as
at the Site perimeter and in nearby and distant communi-
ties, indicating that the observed levels were predomi-
nantly a result of natural sources and worldwide fallout.
No differences were observed between average Site
perimeter and distant locations for either total beta or
total alpha concentrations.

All *°Sr results for air samples collected at the Site
perimeter, community-operated surveillance stations,

and nearby and distant communities were below detect-
able concentrations (8 aCi/m?) for 1992. (Because of
extremely low concentrations, results for some radionu-
clides are reported in aCi/m? rather than pCi/m*; one
aCi/m? = 0.000001 pCi/m®.) Strontium-90 was reported
above detectable levels for 5 of 8 samples collected on
the Hanford Site with a maximum concentration of

18 aCi/m*reported at B Pond. However, this maximum
value is only 0.000036% of the DCG of 50,000,000
aCi/m®. The Hanford Site Environmental Report for
Calendar Year 1991 (Woodruff et al. 1992) reported
anomalously high results for most *°Sr air concentrations
for the fourth quarter of 1991 as well as for all annual
composites for 1991. All 1991 *Sr air concentrations
were reported by Bisping and Woodruff (1992). Further
review of the unusual 1991 results included an inspection
of the laboratory and additional data review; however, no
apparent cause of the elevated results was discovered.

Quarterly air sampling for '?°I began in July 1984.
Todine-129 was sampled downwind of the PUREX Plant
(200-East SE location), at two downwind perimeter
locations, and at a distant community location (Y akima)
in 1992. Concentrations at the Site perimeterin 1992
were higher than those observed at Yakima (Figure 5.4),
and the difference was statistically significant (one-tailed
t-test, 5% significance level). The average onsite and
Site perimeter concentrations decreased in 1939 in
response to reduced PUREX Plant operations and have
remained at similar levels from 1990 to 1992. Onsite air
concentrations of '*I were influenced by minor emis-
sions (0.3 Ci, Table 3.1) from the PUREX Plant, storage
of dissolved fuel rod solutions, and possible releases
from waste storage tanks and cribs. The annual average
12T concentration at the downwind perimeter in 1 992
(1.4 aCi/m? £33%) was 0.000002% of the DCG of
70,000,000 aCi/m? (70 pCi/m?).

Tritium results from January to May 1992 were elevated
(48 of 84 samples were 210 pCi/m®) and variable for
most air sampling locations (Figure 5.5). The average
tritium sample results from distant locations (Yakima
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Figure 5.3. Monthly Average Total Beta Radioactivity in Airborne Particulate Samples, 1986 Through 1992
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Figure 5.4. Annual Concentrations (2 SEM) of
lodine-129 ('?°1) in Air near the Hanford Site, 1987
Through 1992. As a result of figure scale, some
uncertainties (error bars) are concealed by point
symbol.

and Sunnyside) during this period, were 71 pCi/m?®;
typical background levels are less than 5 pCi/m’. Results
for samples from perimeter locations and COES stations
were also elevated during this period, with mean concen-
trations of 190 pCi/m? and 200 pCi/m3, respectively.
Given the elevated concentrations reported for samples
from the distant locations during this period, these results
are suspect and are probably caused by an error or sam-
ple contamination during the analytical process; how-
ever, no evidence of error or contamination was discov-
ered during an inspection of services at the analytical
laboratory. The highest trittum concentration reported for
all of 1992 was 1,600 pCi/m’ at Byers Landing (April);
however, even this suspect value was only 1.6% of the
DCG of 100,000 pCi/m®. Reported Hanford Site annual
atmospheric releases of trittum for 1992 totaled 44.5 Ci
(HT + HTO) (see Table 3.1, Section 3.1, “Effluent
Monitoring™), which was a reduction from the 1991
annual release of 85 Ci (HT + HTO).

Tritium concentrations returned to more typical levels
for samples collected from June to December 1992,
with only 6 of 139 samples reporting concentrations
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Figure 5.5. Annual Average Concentrations

(£2 SEM) of Tritium (*H) in Air near the Hanford Site,
1987 Through 1992. As a result of figure scale,
some uncertainties (error bars) are concealed by
point symbol. January through May 1992 results
are suspect and may be the result of laboratory
contamination. The June through December
averages were calculated excluding one value
(380 pCi/m? at Sunnyside) for the distant locations
and two values (280 and 330 pCi/m? at the Prosser
Barricade) for the perimeter locations.

210 pCi/m®, Tritium concentrations at perimeter sta-
tions and distant locations (Yakima and Sunnyside)
were similar during this period, with average values of
1.5 pCi/m* and 1.4 pCi/m?, respectively [one value of
380 pCi/m® at Sunnyside and two values of 280 and
330 pCi/m® at a perimeter location (Prosser Barricade)
were excluded from the calculations]. Given the limita-
tions described in the preceding paragraph, the annual
average concentration of tritium at the perimeter loca-
tions (were 0.2% of the DCG (100,000 pCi/m?®) for
January through May 1992 and 0.002% for June through
December 1992.

Air concentrations of ***Pu were below detectable
concentrations (0.5 aCi/m?) for all offsite samples
collected for 1992 (Table 5.3). The maximum Hanford
Site Z*Pu concentration was 0.86 aCi/m?, which is
0.003% of the DCG of 30,000 aCi/m3. The 1992 average

Air Surveillance

239.240py concentrations for Hanford Site and offsite air
samples are shown in Table 5.3 and Figure 5.6. The
1992 Site perimeter annual 2****°Pu concentration was
1.2 aCi/m*+48%, which is 0.006% of the DCG of
20,000 aCi/m?. The maximum Hanford Site >**°Pu
concentration was measured at the 200-West Area

(7.7 aCi/m? or 0.04% of the DCG). The average >****'Pu
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Figure 5.6. Annual Average Concentrations
(£2 SEM) of Plutonium-239,240 (***24®Pu) in Air at
the Hanford Environs, 1987 Through 1992

concentrations onsite showed a possible increasing trend
from 1990 to 1992; however, the number of locations
sampled was reduced and the sample compositing
process was changed from quarterly in 1990 to annual
composites in 1992. This trend was influenced by both
the elevated concentrations reported at the 200-W est
Area and the varying number of samples collected onsite.
The 1992 air concentration of 2**?*Pu measured at the
200-West Area was within the range of values reported
since the station was established in 1989. Forall other
individual onsite location, no apparent increasing trend
was observed.

Uranium concentrations (>**U, 2*U, and ?**U) in airborne
particulate matter in 1992 were similar at the Site peri-
meter and at distant communities (Table 5.3 and Fig-
ure 5.7). The maximum onsite air concentration was at
the 300 Area, 61 aCi/m*t3.9%, which is 0.06% of the
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Table 5.4. Average Concentrations of Selected Volatile Organic Compounds in Air on the Hanford Site,
1992 (ng/L + 2 standard deviation)

Rattlesnake
300 Area 200-West Area Springs

Compound (4 samples) (3 samples) (4 samples) MACAC® AALG®
dichlorodifluoromethane 36 +5.6 48 £ 6.0 23+ 40 4950 NA®
trichlorofluoromethane 0.52 £ 098 036 £ 1.0 0.28 £ 0.19 5600« NA
dichloromethane 0.058 £ 0.068 0.013" £ 0.0018 0.0077® 1 0.0048 1,800 0.1
trichloromethane 0.020™ + 0.018 0.098% £ 0.030 <0.0075" £ 0.0052 9.78 0.022
trichlorotrifluoroethane? 0.38 £ 0.30 0.30% + 0.96 0.19 £ 0.20 NA NA
1,1,1, - trichloroethane 0.70 £ 0.54 0.37 £ 0.50 042 + 0.28 1,900 * 36,400
benzene 040 £ 0.36 0.11 £ 0.18 0.15+£0.22 5 0.096
carbon tetrachloride 0.30 £ 0.36 0.28 £ 0.32 0.37 £ 0.30 12.6 0.053
cis-1,3-dichloropropene 0.033™ + 0.046 <0.014% £+ 0.0022 <0.0075% £ 0.0052 5 NA
trans-1,3-dichloropropene 0.015" + 0.0058 <0.014% £+ 0.0022 <0.0075% + 0.0052 5 NA
toluene 0.74 £ 1.1 0.24 £ 0.30 022 £ 0.26 375 1400
m,p-xylene 0.42 £ 0.50 0.056 £ 0.066 0.014 + 0.017 435 57
o-xylene 0.13 £ 0.16 0.033% £ 0.042 0.014® £ 0.015 435 290

(a) MACAC = maximum allowable concentrations of air contaminants; time-weighted average (TWA) (8-hr day, 40-hr work

week); from 29 CFR 1910, January 1989.
(b) AALG = ambient air level goal (Calabrese and Kenyon 1991).
(¢) Breakthrough occurred during sample collection; the results should be considered as a lower limits only.

(d) NA =not available.

(e) Short-term exposure limit (no TWA available)

(f) Below detection limit for 2 of 3 samples.
(g) Below detection limit for 3 of 4 samples.
(h) Below detection limit for 2 of 4 samples.
(i) - Below detection limit for 1 of 3 samples.
(j) Below detection limit for all samples.
(k) 1,1,2-trichloro-1,2,2-trifluorethane.

DCG of 100,000 aCi/m?®. The 1992 annual average
concentration for the Site perimeter was 44 aCi/m*+34%,
which was 0.04% of the DCG.

Ruthenium-106 and '¥’Cs associated with airborne partic-
ulate matter, and *'I collected on charcoal cartridges,
were routinely monitored through gamma scan analyses.
Results were generally below detectable concentrations
both on and off the Hanford Site. The results obtained

for 1992 samples are included in Table 5.3. Even the
maximum individual measurerments for these radionu-
clides were less than 0.006% of their DCG.

Nonradiological Results

Twenty-one air samples were collected for PCB analysis
on the Hanford Site during 1992. All results were below
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Figure 5.7. Annual Average Concentrations

(2 SEM) of Uranium (**U,2®U,2*U) in Air at the
Hanford Environs, 1987 Through 1992. As a result
of figure scale, some uncertainties (error bars) are
concealed by point symbols.

the detection limit of <100 ng/sample component for
each PCB mixture. PCBs were reported as the following
Aroclor mixtures: Aroclor 1016 (A-1016), A-1221,
A-1232, A-1242, A-1248, A-1254, and A-1260. Air
volumes collected ranged from 680 to 726 m?®, which
yields air concentrations of <0.27 to <0.29 ng/m?, using
a detection limit of €200 ng/sample (£100 ng on filter +
<100 ng on adsorbent). U.S. Environmental Protection
Agency Method TO-4 specifies a general detection limit
of 1 ng/m?®; therefore the data exceed the required
sensitivity by a factor of approximately three.

Eleven air samples were collected for VOC analysis on
the Hanford Site during 1992. The samples were anal-
yzed for halogenated alkanes and alkenes, benzene, and

Air Surveillance

alkylbenzenes. These compounds are widely used by
modern society and are ubiquitous environmental con-
taminants. The results are given in Table 5.4, along with
ambient air level goals (AALG) and occupational
maximum allowable concentrations of air contaminants
(MACAC). All measured VOC concentrations were
well below MACAC values. The AALG are non-
regulatory, nonbinding limits that were developed by
Calabrese and Kenyon (1991) for use as health-based
guidelines for risk assessments and are somewhat
analogous to the EPA’s maximum contaminant level
goals for water. The AALG values are used asa
comparative tool in this report because no regulatory
standards for ambient air concentrations have been
established for these compounds.

Compounds that routinely approached or exceeded the
AALG values were trichloromethane (chloroform),
benzene, and carbon tetrachloride. Benzene concentra-
tions at the 300 Area were elevated relative to those at
the background site at Rattlesnake Springs; however, the
300 Area concentrations may be influenced by sources
both on the Site and in the nearby communities. Carbon
tetrachloride and chloroform were used for past Site
operations and are routinely detected in ground-w ater
monitoring wells in the 200-West Area (see Section 5.8).
However, there was no apparent difference between air
concentrations of carbon tetrachloride measured onsite
and at the background location. Chloroform concentra-
tions in air were elevated relative to those at the back-
ground site for both the 200-West and 300 Area locations;
however, this compound was below the detection limit
for 43% of the air samples collected onsite. Dichlorodif-
luoromethane (Freon 12) was the only compound with
measured concentrations greater than 1 ng/L; however,
these values must be taken only as lower limits because
of vapor penetration (breakthrough) to the secondary
adsorbent trap. Dichlorodifluoromethane was the only
VOC to show substantial breakthrough at the air volumes
sampled.
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5.3 Surface-Water Surveillance

Surface water on and near the Hanford Site is monitored
to determine the potential effects of Hanford operations.
Surface water at Hanford includes the Columbia River,
riverbank springs, ponds located on the Hanford Site,
and offsite water systems directly east of and across the
Columbia River from the Hanford Site. In addition,
Columbia River sediments are included in this discus-
sion. Tables 5.5 and 5.6 summarize the sample loca-
tions, sample type, frequency, and analyses included in
the surface-water surveillance activities during 1992.
Sample locations are shown in Figure 5.8 as well. This
section describes the surveillance effort and summarizes
the results for these aquatic environments. Detailed
analytical results are reported by Bisping and Woodruff
(1993).

Columbia River Water

The Columbia River, second largest river in North
America, is the dominant surface-water body on the Site.
The river is used as a source of drinking water at onsite
facilities and communities located downstream from the
Hanford Site. In addition, the river near the Hanford Site
is used for a variety of recreational activities, including
hunting, fishing, boating, water skiing, and swimming.
Water from the Columbia River downstream from the
Site is also used extensively for crop irrigation.

Originating in the mountains of eastern British
Columbia, Canada, the Columbia River drains a total
area of approximately 70,800 km? (27,300 mi®) en route
to the Pacific Ocean. Flow of the Columbia River is
regulated by 11 dams within the United States, 7
upstream and 4 downstream from the Site. Priest Rapids
is the nearest dam upstream from the Site, and McNary is
the nearest dam downstream.- The Hanford Reach of the
Columbia River extends from Priest Rapids Dam to the
head of Lake Wallula (created by McNary Dam), near
Richland. This Reach is the last stretch of the Columbia
River in the United States above Bonneville Dam that
remains unimpounded. The width of the river varies
from approximately 300 m (984 ft) to 1,000 m (3,281 ft)

within the Hanford Site. The Hanford Reach is currently
under consideration for designation as a National Wild
and Scenic River as a result of congressional action in
1988 (see Section 2.3).

Pollutants, both radiological and nonradiological, are
known to enter the river along the Hanford Site. In
addition to direct discharges of liquid effluents from
Hanford facilities, contaminants in ground water from
past discharges to the ground are known to seep into the
river (Dirkes 1990; DOE 1992a; McCormack and Carlile
1984; Peterson 1992). Effluents from each direct dis-
charge point are routinely monitored and reported by the
responsible operating contractor; they are summarized
in “Facility Effluent Monitoring,” Section 3.1. Direct
discharges are identified and regulated for nonradio-
logical constituents under the NPDES. The NPDES-
permitted discharges at Hanford and the regulated
parameters are listed in Table C.7, Appendix C.

The State of Washington has classified the stretch of
the Columbia River from Grand Coulee Dam to the
Washingion-Oregon border, which includes the Hanford
Reach, as Class A, Excellent (Ecology 1992). Water
quality criteria and water use guidelines have been
established in conjunction with this designation

(Table C.1, Appendix C). The State of Washington and
EPA drinking water standards (DWSs) used inevalua-
ting radionuclide concentrations in Columbia River
water are provided in Table C.2, Appendix C.

Sample Collection and Analysis

Samples of Columbia River water were collected
throughout 1992 at the locations shown in Figure 5.8.
Samples were collected upstream from Hanford facilities
at Priest Rapids Dam and near the Vernita Bridge to
provide background data from locations unatfected by
Site operations. Samples were collected from the 300
Area water intake and the Richland Pumphouse to
identify any increase in contaminant concentrations at
these locations attributable to Hanford operations. The
Richland Pumphouse is the first downstream point of

113



1992 Environmental Report

Table 5.5. Surface-Water Surveillance, 1992

Location Sample Type Frequency® Analyses
Columbia River - Radiological
Priest Rapids Dam and Richland Cumulative M Comp® Alpha, beta, lo *H,* gamma scan, *Sr,
(collected weekly) PTc, U@

Priest Rapids Dam, Richland, and Particulate (filter) M Gamma scan

300 Area Water Intake Q Comp Pu®

Priest Rapids Dam, Richland, and Soluble (resin) M Gamma scan

300 Area Water Intake Q Comp 12, Pu®©

Vernita Bridge and Richland Grab (transects) Q lo 3H, *°Sr, U@

Columbia River - Nonradiological

Vernita and Richland Grab Qo WQ-NASQAN, temperature, dissolved
oxygen, turbidity, pH, fecal coliforms,
suspended solids, dissolved solids,
conductivity, hardness as CaCO3, P, Cr,
N-Kjeldahl, DOC, Fe, NH,

Vernita and Richland Grab (transects) Q ICP metals, anions, volatile organic

Vernita and Richland Thermograph Continuous Temperature

Onsite Ponds

West Lake Grab Q Alpha, beta, *H, *Sr, U,» gamma scan

B Pond Grab M Alpha, beta, *H, *Sr, gamma scan

FFTF Pond Grab Q Alpha, beta, *H, *Sr, gamma scan

Offsite Water

Ringold Hatchery, Grab A Alpha, beta, °H, U, gamma scan, '>°I

Mathews Corner,

White Bluffs shallow,

White Bluffs deep, and

Alexander Farm

Riverview Canal Grab 3@® Alpha, beta, °H, *Sr, U, gamma scan

Riverbank Springs '

100-N, old Hanford townsite, Grab A Alpha, beta, *H, *Sr, *Tc, gamma scan,

and 300 Area 135

(a) A =annually; M = monthly; Q = quarterly; Comp = composite.

(b) M Comp is collected weekly and composited for monthly analysis.

(¢) lo*H = low-level tritium analysis.

(d) Isotopic uranium.

(e) Isotopic plutonium.

®

(g)

Numerous water quality analyses are performed by the U.S. Geological Survey (USGS) in conjunction with the

National Stream Quality Accounting Network (NASQAN) Program. Thermograph stations are operated and main-

tained by the USGS.
Three samples during irrigation season.
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Table 5.6. Sediment Surveillance, 1992

Location®

Frequency

McNary Dam
Oregon shore
1/3 from Oregon shore
2/3 from Oregon shore
Washington shore

i i i

Priest Rapids Dam
Grant County shore
1/3 from Grant County shore
2/3 from Grant County shore
Yakima County shore

White Bluffs Slough
100-F Slough
Hanford Slough
Richland

s A S i g i

(a) See Figure 5.8.

Analyses

Gamma scan, *°Sr, U®, Pu®©, DOH®
Gamma scan, *°Sr, U®, Pu®©, DOH®
Gamma scan, *Sr, U® Pu®, DOH®
Gamma scan, Sr, U®, Pu©, DOH®@

Gamma scan, *°Sr, U®, Pu®, DOH®
Gamma scan, *°Sr, U®, Pu®©, DOHY
Gamma scan, *°Sr, U®, Pu®, DOH@
Gamma scan, *Sr, U®, Pu®, DOH®'

Gamma scan, *Sr, U®, Py®
Gamma scan, *Sr, U®, Pu®
Gamma scan, *Sr, U®, Py®©@

Gamma scan, *°Sr, U®, Pu®

(b) Includes U and ***U analyzed by low-energy photon analysis.

(¢) Isotopic plutonium.

(d) Duplicate samples sent to the Washington State Department of Health.

river water withdrawal for a public drinking water
supply. The river sampling locations and the methods
used for sample collection are discussed in detail in the
Hanford Site Environmental Monitoring Plan (DOE
1991b). In addition to the routine fixed-location moni-
toring stations described in the environmental monitoring
plan, routine sampling was performed along cross
sections established at Vernita Bridge and the Richland
Pumphouse. The transect sampling was initiated as a
result of findings of a special study conducted during
1987 and 1988 (Dirkes 1993). The cross sections were
sampled quarterly during 1992.

Radiological analyses of water samples included total
alpha, total beta, gamma scan, *H, *Sr, *Tc, '*I, Z*Pu,
29240py, and isotopic uranium (**U, U, and ?*U).
Alpha and beta measurements provided a general
indication of the radioactive contamination. Gamma
scans provided the ability to detect numerous specific
radionuclides (Appendix F). Specific radiochemical
analyses and, in some cases, special sampling techniques
were used to determine the concentrations of *H, *Sr,
9T, 129, 24U, U, 28U, 2*Pu, and ?***°Pu in river water

during the year. Radionuclides of interest were selected
based on their presence in effluent discharges or ground
water near the river, and their importance in determining
water quality, verifying effluent control and effluent
monitoring systems, and determining compliance with
applicable standards. Columbia River water samples
collected along cross sections established near the
Vernita Bridge and the Richland Pumphouse were also
analyzed for metals, anions, and volatile organic com-
pounds during 1992. Chemical constituents of interest
were determined from reviews of existing surface- and
ground-water data and various Remedial Investigation/
Feasibility Study work plans as well as preliminary risk
assessments conducted by the Surface Environmental
Surveillance Project (Dirkes et al. 1993; DOE 1992b;
Evans et al. 1992).

In addition to monitoring conducted by PNL, non-
radiological water quality measurements were also taken
by the U.S. Geological Survey (USGS) at Vemita Bridge
and Richland (USGS 1988). During 1992, the USGS
samples were collected along cross sections every

2 months at Vernita Bridge and quarterly at Richland.
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Figure 5.8. Water and Sediment Sampling Locations, 1992
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Numerous physical, biological, and chemical constitu-
ents were analyzed for at the USGS laboratory in
Denver, Colorado. Results of the USGS monitoring
activities are documented in Bisping and Woodruff
(1993). In addition to sampling, the USGS provided
continuous river temperature monitoring, both upstream
from the Site near Priest Rapids Dam and at Richland,
and provided flow rate measurements at Priest Rapids
Dam.

Radiological Results for River
Water

Resuits of the radiological analyses of Columbia River
water samples collected at Priest Rapids Dam, the 300
Area, and the Richland Pumphouse during 1992 are
reported by Bisping and Woodruff (1993) and summa-
rized in Tables A.1 through A.3, Appendix A. The data
summaries also include the maximum individual result
observed during the previous 5 years and the mean of all
sample results for 1987 through 1991. Significant results
are discussed and illustrated in the following paragraphs,
with comparisons to previous years provided. Levels
throughout the year were extremely low. Radionuclides
consistently detected in river water during 1992 were *H,
08, 1?°1, 24U, and **U. In addition, *Tc, *°U, and
239240py while not detected all of the time, were detected
in 50% or more of the samples analyzed during the year.
Tritium and *°Sr exist in worldwide fallout, as well as in
effluents from Hanford facilities. Uranium, as well as
3H, occurs naturally in the environment in addition to
being present in Hanford effluents.

Total alpha and total beta measurements are useful
indicators of the general radiological quality of the river
and provide an early indication of changes in the levels
of radioactive contamination because results are obtained
quickly. The 1992 average alpha and beta concentrations
in Columbia River water at Priest Rapids Dam, the 300
Area, and the Richland Pumphouse were approximately
5% or less of the applicable DWS of 15 and 50 pCi/L,
respectively. Figures 5.9 and 5.10 illustrate the annual
average total alpha and total beta concentrations,
respectively, at Priest Rapids Dam and the Richland
Pumphouse during the past 6 years. The 1992 alpha
concentrations were similar to those previously reported.
Total beta concentrations during 1992 were also similar
to those observed during recent years. Statistical
analyses (paired sample comparison and t-test of
differences, Snedecor and Cochran 1980) of alpha and

Surface-Water Surveillance

beta concentrations at Priest Rapids Dam and the
Richland Pumphouse indicated the differences were not
significant (5% significance level).
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Figure 5.9. Annual Average Total Alpha Concen-

trations (+2 SEM) in Columbia River Water, 1987
Through 1992
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Annual average *H concentrations at Priest Rapids Dam
and the Richiand Pumphouse during 1992 were 50 pCi/L
+24% and 101 pCi/L +18%, respectively. Figure 5.11
compares the annual average *H concentrations at Priest
Rapids Dam and the Richland Pumphouse from 1987
through 1992. The general decline in *H concentrations
in river water noted in recent years remains evident.
Tritium concentrations are decreasing more rapidly

than expected solely as a result of radioactive decay
(12-year half-life). Studies conducted following the

U.S. Pacific nuclear weapons tests indicated that the
effective residence time of *H deposited on the

North American continent is approximately 5.7 years
(NCRP 1979). The difference between the *H concentra-
tions at Priest Rapids Dam and the Richland Pumphouse
was significant (paired sample comparison, t-test of
differences, 5% significance level). Sources of ‘H
entering the river were effluent releases from the 100-N
Area and ground-water seepage into the river along the
Site (see “Facility Effluent Monitoring,” Section 3.1, and
“Ground-Water Protection and Monitoring Program,”
Section 5.8). Tritium concentrations measured at the
Richland Pumphouse, while representative of the water
consumed by users of the city of Richland drinking
water, tend to overestimate the average concentrations of
3H in the river (Dirkes 1993). This bias is attributable to
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Figure 5.11. Annual Average Tritium (*H) Concen-
trations (x2 SEM) in Columbia River Water, 1987
Through 1992. As a result of figure scale, some
uncertainties (error bars) are concealed by point
symbol.

the contaminated 200 Area ground-water plume entering
the river at the 300 Area, relatively close to the Richland
sample intake; this plume is not completely mixed within
the river at the Richland Pumphouse. Sampling along a
cross section at the Richland Pumphouse during 1992
confirmed this concentration gradient in the river under
certain flow conditions and is discussed in subsequent
sections of this report. The degree of overestimation is
highly variable and appears to be related to the flowrate
of the river just before and during sample collection. All
*H concentrations were less than 1% of the State of
Washington and EPA DWS of 20,000 pCi/L.

Annual average “Sr concentrations at Priest Rapids
Dam and the Richland Pumphouse during 1992 were
0.09 pCi/L£11% and 0.09 pCi/L+11%, respectively.
Figure 5.12 shows the annual average *°Sr concentra-
tions at these locations from 1987 through 1992. Con-
centrations observed in 1992 were similar to those seen
in recent years. The difference between the *Sr concen-
trations throughout the year at these locations was not
significant (at the 5% significance level). The primary
source of *Sr attributable to Hanford entering the
Columbia River has been the 100-N Area liquid waste
disposal facilities, which are known to discharge to the
river via ground-water seepage. Strontium-90 concentra-
tions in Columbia River water during 1992 remained
below the State of Washington and EPA DWS of

8 pCi/L (approximately 1%).
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Figure 5.12. Annual Average Strontium-90 (*°Sr)
Concentrations (2 SEM) in Columbia River Water,
1987 Through 1992 ‘
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Annual average uranium concentrations in river water
during 1992 were slightly higher at the 300 Area and the
Richland Pumphouse than at Priest Rapids Dam; 0.63
pCi/L£17%, 0.51 pCi/L£12%, and 0.42 pCi/L£7%,
respectively. Annual average uranium concentrations at
the Richland Pumphouse and Priest Rapids Dam for
1987 through 1992 are shown in Figure 5.13. Uranium
concentrations were slightly elevated at the Richland
Pumphouse. Differences during the year were statisti-
cally significant (5% significance level). Although there
1s no direct discharge of uranium to the river, uranium is
present in the ground water beneath the 300 Area as a
result of past operations (see “Ground-Water Protection
and Monitoring Program,” Section 5.8) and has been
detected at elevated levels in riverbank springs in this
area (see Riverbank Springs in this section). Uranium,
naturally occurring, is also known to be entering the river
across from Hanford via seepage from the extensive
irrigation practices east of the river and via irrigation
canal outfalls (Dirkes 1990). There is currently no DWS
directly applicable to uranium. However, uranium
concentrations in the river during 1992 were below those
that would result in doses exceeding the State of Wash-
ington and EPA DWS of 4 mrem/year, which is appli-
cable to anthropogenic radionuclides.

Technetium-99 concentrations less than the analytical
detection level were found in about 50% of the samples

0.7
U @ Priest Rapids Dam
% Richland Pumphouse
0.6 -
=
=
Q
205
g % %
2
i)
®
g } ;
§04r- % %
=
Qo
Q
03
0.2 | I | | |
1987 1988 1989 1990 1991 1992
$9203058.45

Figure 5.13. Annual Average Uranium Concentra-
tions (+2 SEM) in Columbia River Water, 1987
Through 1992
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submitted during 1992. The 1992 average *Tc concen-
trations at the Richland Pumphouse and Priest Rapids
Dam were 0.21 pCi/L£114% and 0.10 pCi/L.+120%,
respectively. The uncertainties associated with these
results (£2 SEM) were greater than the concentrations.
Differences in individual samples during the year were
not statistically significant (5% significance level). The
presence of *Tc in the river at these locations, if real, is
attributable to the discharge of the 200 Area ground-water
plume, contaminated with *H, *Tc, and I, near the
sample locations. The concentrations of *Tc at all
locations during 1992 were less than one-tenth of 1% of
the DWS of 900 pCi/L.

Continuous filter/resin samples collected during 1990,
1991, and 1992 were submitted for '*I analysis during
1992 following a 2-year delay that resulted from limita-
tions in the availability and capability of analytical
resources. lodine-129 results, which were not available
for the 1990 and 1991 Hanford Site Environmental
Reports are provided in this report. The concentrations of
12T during 1990, 1991, and 1992 were extremely low and
similar to previous years. Figure 5.14 presents the annual
average '”I concentrations for Priest Rapids Dam and the
Richland Pumphouse for the years 1987 through 1992
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Figure 5.14. Annual Average lodine-129 (2°)
Concentrations (£2 SEM) in Columbia River Water,
1987 Through 1992. As a result of figure scale,
some uncertainties (error bars) aré concealed by
point symbol.

119



1992 Environmental Report

(note the aCi/L units). As has been the case in previous
years, the concentrations of '*I at the Richland
Pumphouse (96 aCi/m*+35% to 140 aCi/L£14%) were
higher than at Priest Rapids Dam (4 aCi/m*+25%

to 23 aCi/L+91%). The '*1 concentrations at the 300
Area (140 aCi/m*+78% to 170 aCi/L+47%) were similar
to that observed at the Richland Pumphouse. The
differences between '°I concentrations at Priest Rapids
Dam and the Richland Pumphouse were found to be
statistically significant (5% significance level), as has
been the case over the years. The presence of '*T at
elevated levels at the 300 Area and the Richland
Pumphouse is attributable to the flow of contaminated
ground water from the unconfined aquifer into the river.
All "I sample results were less than one-tenth of 1% of
the DWS of 1 pCi/L (1,000,000 aCi/L).

The concentrations of 2**2Pu, also obtained from the
filter/resin samples discussed above, were greater than
the detection level approximately 50% of the time at all
locations. Priest Rapids Dam ****°Pu concentrations
were not statistically different from those observed at the
Richland Pumphouse during 1992 (5% significance level).

During 1992, ©Co, '%Ru, "', **Cs, “'Cs, and Z*Pu were
not consistently found in measurable quantities in
Columbia River at Priest Rapids Dam, the 300 Area
water intake, or the Richland Pumphouse. The approxi-
mate minimum detectable concentrations for “Co, '%Ru,
BT 13Cs, '¥Cs, and ?*Pu during 1992 were 1.5, 10.0,
1.0, 1.5, 1.5, and 0.00001 pCi/L, respectively.

Radiological results of samples collected along cross
sections established at Vernita Bridge and the Richland
Pumphouse during 1992 are presented in Table A.4,
Appendix A. The average concentrations of **Sr and
uranium found during cross-sectional sampling were
similar to those obtained from the routine automatic
composite samplers used at similar locations. Consistent
with studies conducted during 1988 (Dirkes 1993), the
average concentrations of *H measured along the cross
section at the Richland Pumphouse were less than those
measured using the single-point sample located near the

western shoreline of the river at the Richland Pumphouse.

The data indicate a *H concentration gradient across the
river at the Richland Pumphouse. It has been concluded
that contaminants in the 200 Area ground-water plume
entering the river at the 300 Area are not completely
mixed at the Richland Pumphouse, consistent with past
dispersion studies (Backman 1962; Dirkes 1993). As

was observed with the composite sampling system
results, the concentrations of radionuclides measured
along the cross sections were well below state and
federal DWSs.

Nonradiological Results for
River Water

Nonradiological water quality data were compiled by
PNL and the USGS during 1992. A number of the
parameters measured have no regulatory limits. These
parameters are, however, useful as indicators of water
quality and/or are indicative of Hanford-origin contami-
nants. Specific water quality measurement results are
reported by Bisping and Woodruff (1993). In 1992,
USGS results were comparable to results from recent
years. Applicable standards for Class A-designated
water were met. There was no indication during 1992
of any deterioration of the water quality along this stretch
of the Columbia River resulting from Hanford opera-
tions. Potential sources of pollutants not associated with
Hanford include irrigation return water and seepage
associated with extensive irrigation north and east of the
Columbia River.

Figure 5.15 shows Vernita Bridge and Richland results
for the period 1987 through 1992 for several water
quality parameters with respect to the applicable stan-
dards. Table A.5, Appendix A, summarizes the results
obtained through the USGS national water quality
network. The pH measurements upstream and down-
stream from the Site were in close agreement and were
within the acceptable range for Class A waters. Turbid-
ity, fecal coliform, and dissolved oxygen concentrations
during 1992 were in compliance with Class A require-
ments at both locations as well.

Results of sampling conducted by PNL along cross
sections of the Columbia River at Vernita Bridge and

the Richland Pumphouse are provided by Bisping and
Woodruff (1993) and discussed in detail by Dirkes et al.
(1993). Volatile organic compounds were not routinely
detected during 1992 at either Vernita Bridge or the
Richland Pumphouse. Several metals were detected both
upstream and downstream from the Hanford Site at
levels comparable to those reported by the USGS as part
of their ongoing national water quality monitoring
network. Similarly, some anions were detected upstream
and downstream from the Site at levels consistent with
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those reported by the USGS. There was no measurable
difference between the concentrations of metals or
anions detected in the river water along the cross sections
upstream from the Site at Vernita Bridge and down-
stream from the Site at the Richland Pumphouse, indi-
cating no apparent impact from operations at Hanford.

The annual average flow rate of the Columbia River was
2,860 m?/s (101,000 cfs) during 1992, slightly lower than
recent years. The monthly average flow rates at Priest
Rapids Dam are shown in Figure 5.16. The peak
monthly average flow occurred during June, 4,190 m?/s
(148,000 cfs), and the lowest average monthly flow
occurred during October, 2,040 m?/s (72,000 cfs). Daily
average flow rates varied from 1,190 to 5,260 m*/s
(42,100 to 186,000 cfs) during 1992.

Average monthly Columbia River water temperatures at
Priest Rapids Dam and the Richland Pumphouse are
shown in Figure 5.17. The major source of heat to the
Columbia River in the Hanford Reach is solar radiation
(Dauble et al. 1987). River temperatures and the
differences between temperatures at Priest Rapids Dam
and the Richland Pumphouse during 1992, in the absence
of reactor operations, were similar to those in the past
(Price 1986). Monthly average temperatures were
slightly higher at the Richland Pumphouse than at Priest
Rapids Dam from February through August and
December 1992. Cooler monthly average temperatures
were observed at the Richland Pumphouse during
January and November. Monthly average temperatures
were the same during September and October. T'empera-
tures along the Hanford Reach were in compliance with
applicable state Class A water quality requirements
during the year.

Columbia River Sediment

Sample Collection and Analysis

Annual samples of Columbia River sediment were
collected during 1992 at locations shown in Figure 5.8
and summarized in Table 5.6. Samples were collected
upstream from the Hanford Site behind Priest Rapids
Dam, downstream from the Site at Richland, and approx-
imately 50 miles downstream from the Site at McNary
Dam. Samples were also collected along the Hanford
Reach from sloughs at White Bluffs, 100-F Aréa, and the
old Hanford townsite. Samples were obtained from
approximately 15 cm (6 in.) of the top sediment material
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using a dredge sampler. Analyses of the sediment
samples include gamma scans (see Appendix F), *Sr,
235U’ 238U 238Pu and 239,240Pu.

Radiological Results
for Sediments

Surface sediments in the Columbia River are known to
contain low levels of radionuclides of Hanford origin
and from nuclear weapons testing fallout (Beasley et al.
1981; Robertson and Fix 1977; Woodruff et al. 1992).
Analytical results for surface sediment samples collected
during 1992 are summarized in Table A.6, Appendix A,
and presented in detail by Bisping and Woodruff (1993).
Table A.6, Appendix A, also includes summary data for
the years 1988 through 1991.

In general, the level of radioactivity in surface sediments
behind McNary Dam was slightly higher than that
behind Priest Rapids Dam during 1992. Radionuclide
concentrations in sediments collected from the sloughs
along the Hanford Reach and at Richland were generally
comparable to those observed upstream from Hanford at
Priest Rapids Dam. The exception to this is uranium,
which was present in sediments collected at Richland at
levels comparable to those at McNary Dam.

Figure 5.18 shows the concentrations of selected radio-
nuclides in Columbia River sediment at Priest Rapids
Dam and McNary Dam for 1989 through 1992. The
concentrations of radionuclides measured during 1992
were similar to those seen in sediment samples collected
during the previous 4 years. The concentrations of ©°Co
during 1992, which were less than the detection level
(0.05 pCi/g) in sediments behind Priest Rapids Dam,
were highest in sediments collected from McNary pool.
The levels of ®°Co in surface sediments behind McNary
Dam have been relatively stable over the past 5 years.
The average concentrations of “Co, *Sr, and >*U were
higher in sediments collected at McNary Dam than in
those collected from Priest Rapids Dam during 1992.
Concentrations of '*’Cs, 2*Pu, and #***'Py were similar
at the two locations.

Riverbank Springs

The seepage of ground water into the Columbia River
has been known to occur for many years. Riverbank
spring discharges were documented along the Hanford
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Figure 5.18. Radionuclide Concentrations (+2 SEM) in Columbia River Sediments at Priest Rapids Dam
and McNary Dam, 1989 Through 1992. As a result of figure scale, some uncertainties (error bars) are con-
cealed by point symbol.

Reach long before the startup of Hanford operations
(Jenkins 1922). These relatively small springs flow
intermittently, apparently influenced primarily by

changes in river level. Hanford-origin contaminants

associated with these ground-water discharges have been
documented to enter the river along the Hanford Reach
(Dirkes 1990; DOE 1992¢; McCormack and Carlile
1984; Peterson and Johnson 1992).
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Sample Collection and Analysis

Samples of ground-water seepage were collected during
1992 at the locations identified in Figure 5.8. Sample
collection methods are described in the Hanford Site
Environmental Monitoring Plan (DOE 1991b). The
analyses, limited to radiological constituents in 1992,
were selected based on findings of previous riverbank
spring investigations and reviews of contaminant
concentrations observed in nearby ground-water moni-
toring wells. At a minimum, riverbank spring samples
collected during 1992 were analyzed for total alpha, total
beta, gamma scan, and *H. Uranium, *Sr, *Tc, and '*I
analyses were included for those locations where these
constituents are known to exist in the local ground water
as a result of past operations at Hanford.

Results

Hanford-origin contaminants were detected in spring
water entering the Columbia River along the Hanford
Site during 1992. The types and concentrations of
contaminants in the spring water, reported by Bisping
and Woodruff (1993), were similar to those known to

exist in the ground water near the river as a result of past

operations at Hanford. The location and extent of the
contaminated discharges agreed with recent riverbank
spring investigations, ground-water monitoring results,
ground-water model predictions, and results of seep
sampling conducted by others (DOE 1992c; Peterson
and Johnson 1992).

Radionuclide concentrations were less than DOE DCGs
(see Appendix C), with the exception of *Sr near the
100-N Area. Tritium, while less than the DCG, was
detected at concentrations greater than the EPA DWS in
several springs. All other radionuclide concentrations
were less than DWSs.

Figure 5.19 provides selected radionuclide concentra-
tions measured in the N Spring monitoring well (199-N-
46) during December 1992. Tritium concentrations
continued to decline during 1992. Evident in the figure
is the significant increase in the concentrations of total
beta and *Sr. The total beta concentration was nearly

2 times greater than what has been reported since 1986.
The concentration of *Sr was also significantly higher
(approximately 1.5 times) than what has been measured
during the previous 6 years. The sample results were
rechecked, and reserve sample aliquots were reanalyzed
by the analytical laboratory without identifying any
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discrepancies. Sample results from the December 1992
sample are not consistent with near-facility environmen-
tal monitoring results (Section 3.2 and Schmidt et al.
1993). Well 199-N-46 (cassion) replaced well 199-N-8T
as the effluent monitoring well to avoid the need for
purge water disposal. Well 199-N-46 is not purged
before sampling. It is unclear at this printing whether
this may influence results obtained from this sample
location.

Concentrations of radionuclides of concern in the river-
bank springs near the old Hanford townsite for the years
1988 through 1992 are provided in Figure 5.20. The
levels of contaminants observed in this seep in recent
years have been relatively consistent and comparable to
those known to exist in the ground water near the river at
this location as a result of past operations. Concentra-
tions of *H during 1992 were elevated with respect to
1990 and 1991 concentrations; however, it was within
the range seen during the past 5 years and similar to local
ground-water levels. The concentration of *Tc during
1992, 116+1 pCi/L, was similar to those reported during
past studies and indicative of ground-water concentra-
tions (Dirkes 1990; Woodruff et al. 1992). The '*I
concentration, 0.2240.01 pCi/L, was also similar to
nearby ground-water concentrations during 1992.

Figure 5.21 shows the concentrations of constituents of
concern in the 300 Area riverbank springs from 1988
through 1992. Notable increases in the total alpha, total
beta, *H, and uranium concentrations during 1992 are
apparent. Special arrangements to control the river water
level during the 1992 riverbank spring sampling activi-
ties at the 300 Area maximized the contribution of
ground water in the springs and minimized the bank-
storage effect. As expected, the sample results were
higher than recent years, indicating the impact of
sampling methodology. The contaminant concentrations
were similar to those observed in the nearby ground
water (see Section 5.8 for results). Tritium is attributable
primarily to the expansion of the contaminated ground-
water plume emanating from the 200 Areas. This plume
has expanded into the 300 Area during recent years
(Dirkes 1993). The concentration of uranium in the
spring water during 1992 was within the range observed
in the ground water beneath the 300 Area (Section 5.8).
The elevated alpha and beta concentrations are likely
associated with the uranium present in the spring water.

Surface-Water Surveillance
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Onsite Ponds

Three onsite ponds (see Figure 5.8) located near opera-
tional areas were sampled periodically during 1992. B
Pond, located near the 200-East Area, was excavated in
the mid-1950s for disposal of process cooling water and
other liquid wastes occasionally containing low levels of
radionuclides. West Lake, located north of the 200-East
Area, is recharged from ground water (Gephart et al.
1976). West Lake has not received direct effluent dis-
charges from Site facilities. The FFTF Pond, located

near the 400 Area, was excavated in 1978 for the
disposal of cooling and sanitary water from various
facilities in the 400 Area.

Westinghouse Hanford Company is responsible for
monitoring effluents discharged to the ponds and for
operational surveillance of the ponds (Manley and
Diediker 1992). Although the ponds were inaccessible to
the public and did not constitute a direct offsite environ-
mental impact during 1992, they were accessible to
migratory waterfowl, creating a potential biological
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pathway for the dispersion of contaminants (see “Wild-
life Surveillance,” Section 5.5). Periodic sampling of the
ponds also provided an independent check on effluent
control and monitoring systems.

Sample Collection and Analysis

During 1992, grab samples were collected quarterly
from the FFTF Pond and West Lake. Monthly samples
were collected from B Pond. Unfiltered aliquots of all
samples were analyzed for total alpha and total beta
activities, gamma-emitting radionuclides, and *H.
Samples from B Pond were also analyzed for *°Sr and
#Tec. West Lake samples were analyzed for *Sr, U,
25(J, and ¥V in addition to those constituents listed
above.

Results

Analytical results from pond samples collected during
1992 are listed by Bisping and Woodruff (1993).
Maximum, minimum, and average concentration values
are provided for various radionuclides in each pond. In
all cases, radionuclide concentrations in onsite pond
water were less than applicable DCGs. Further discus-
sion of individual constituents and comparisons with
results obtained during previous years are provided
below.

Annual average radionuclide concentrations in B Pond
for the years 1987 through 1992 are shown in Figure
5.22. Total alpha and beta concentrations during the
year were within the range observed during the previous
5 years and, as in past years, near the analytical detection
limit. Concentrations of *°Sr were comparable to those
observed during the previous 5 years. Tritium concentra-
tions in B Pond remained in the range observed during
recent years. Cesium-137 concentrations were generally
less than the detection level, approximately 1.5 pCi/L,
during 1992 and were similar to recent years.

Figure 5.23 shows the annual average total beta and °H
concentrations in FFTF Pond during the years 1987
through 1992. As in the past, total alpha, *Na, and **Sr
concentrations were less than the detection levels (1.5,
6.0, 0.06 pCi/L, respectively) during the year. Total beta
concentrations in FFTF Pond water during 1992 were
slightly higher than those reported during 1991, similar
to those observed from 1987 through 1990. The concen-
trations of *H were comparable to those measured in
FFTF Pond in the past. The *H concentrations observed

Surface-Water Surveillance

in FFTF Pond are indicative of the levels of *H known to
exist in the ground water beneath the 400 Area, from
which the 400 Area obtains its water (Woodruff et al.
1992).

The 1987 through 1992 annual average contaminant
concentrations in West Lake are shown in Figure 5.24.
Average total alpha and total beta concentrations during
1992 were similar to those observed in the past. Total
alpha and total beta concentrations in West Lake, which
is recharged from ground water (Gephart et al. 1976),
continued to be higher than the alpha and beta levels
found in the other onsite ponds. These elevated levels
are believed to result from high concentrations of
naturally occurring uranium (Poston et al. 1991; Speer

et al." 1976). Annual average uranium concentrations
were similar to those reported during 1991 and substanti-
ate the elevated total alpha and total beta measurements.
Strontium-90 concentrations during 1992 were similar

to those observed during the previous 5 years, well
within the range observed in the ground water near this
pond. West Lake *H concentrations were similar to those
observed during the mid-1980s. Gamma-emitting
radionuclides remained less than the analytical detection
levels (approximately 1 pCi/L for ®Co and '*’Cs).

Offsite Water

Water samples were collected from four water systems
directly east of and across the Columbia River from the
Hanford Site during 1992. Samples were also collected
from an irrigation canal that obtains water from the
Columbia River downstream from Hanford. As a result
of public concerns about the potential for Hanford-
associated contaminants being present in offsite water,
sampling was conducted to document the levels of radio-
nuclides in the water used by the public. Consumption
of food irrigated with Columbia River water downstream
from the Site has been identified as one of the primary
pathways contributing to the potential dose to the
hypothetical maximally exposed individual (Jaquish and
Mitchell 1988).

Sample Collection, Analysis,
and Results

Grab samples were collected once from four offsite
domestic water supplies during 1992 (see Figure 5.8).
Analyses of these samples included total alpha, total
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1992

beta, gamma scan, *H, '*I, 2*U, #°U, and **U. Results
are presented by Bisping and Woodruff (1993). Alpha
and beta concentrations are attributable to natural
uranium concentrations in the ground water of this area.
The concentrations observed in the offsite water supplies
were comparable to those reported by the State of
Washington and not attributable to Hanford operations
(WDSHS 1987). lodine-129 concentrations were within
the range previously reported in offsite water (Woodruff
et al. 1992). Annual average radionuclide concentrations
in offsite water during 1992 were within applicable
DWSs.

Water in the Riverview irrigation canal was sampled
three times in 1992 during the irrigation season. These

samples were analyzed for total alpha, total beta, gamma
emitters, *Sr, 24U, U, and **U. Results are presented
by Bisping and Woodruff (1993). Radionuclide concen-
trations were found in the Riverview irrigation water
during 1992 at the same levels observed in the Columbia
River. Strontium-90 was the radionuclide of most
concern because it has been identified as one of the
primary contributors to the calculated hypothetical dose
to the public via the water pathway (Jaquish and Bryce
1989). The average concentration of *°Sr in the irrigation
water during 1992, 0.08+£0.004 pCi/L, was similar to that
reported for the Columbia River at Priest Rapids Dam
and the Richland Pumphouse (see Columbia River Water
subsection).
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Figure 5.24. Annual Average Radionuclide Concentrations (2 SEM) in West Lake, 1987 Through 1992.
As a result of figure scale, some uncertainties (error bars) are concealed by point symbol.
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5.4 Food and Farm Product Surveillance

Alfalfa and a number of foodstuffs, including milk,
vegetables, fruits, wine, wheat, beef, chickens, and
eggs, were collected at several locations surrounding
the Hanford Site (Figure 5.25). Samples were collected
primarily from locations in the prevailing downwind
directions (south and east of the Site) where airborne
effluents 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 background radioactivity. This section
describes samples collected, radiological analyses
performed, and summary results for 1992. Detailed
analytical results are available in Bisping and Woodruff
(1993), some of which has been summarized in Appen-
dix A. The potential dose to members of the public from
the consumption of local food and farm products is
addressed in Section 6.0, “Potential Radiation Doses
from 1992 Hanford Operations.” Results for liquids are
reported in pCi/L. of liquid product or distillate from
fruits. Plant material results are reported in pCi/g dry
weight and animal products in pCi/g wet weight. Many

samples had concentrations that were less than detectable.

By comparing several downwind locations to generally
upwind or distant locations (Figure 5.25), the sampling
approach addresses the potential influence of Hanford
Site releases. Specific details of the sampling design
including sampling locations and radionuclides analyzed
are reported in Bisping (1992) and DOE (1991b) and
have been summarized in Table 5.7. Gamma scans (see
Appendix F) and *°Sr analyses were routinely performed
for nearly all products. Selected farm products were
specifically analyzed for additional radionuclides
including *H, *Tc, %1, '*'I, uranium, and plutonium.
Additionally, a special study was conducted to evaluate
%Sr levels in alfalfa.

Milk
Sample Collection and Analysis

Samples of raw, whole milk were collected from East
Wahluke and Sagemoor area dairy farms near the Site
perimeter in the prevailingly downwind direction to

evaluate possible Hanford impacts (Figure 5.25). Milk
samples were also collected from a Sunnyside dairy to
indicate the general background concentrations of radio-
nuclides. Samples were routinely collected every other
week throughout the year from the Sagemoor area and
monthly from the other areas.

Tritium analyses were conducted on one sample either
monthly or quarterly, **Sr analyses were conducted
quarterly and 'T analyses were conducted on two semi-
annual composite samples. Gamma scans of milk were
performed on samples from each location at frequencies
varying from biweekly to quarterly.

Results

Iodine-129 contributed about 30% of the dose to the
maximally exposed individual (MEI) through the
consumption of food products (see Section 6.0).
Iodine-129 was identified by high-resolution mass
spectroscopy in all six milk samples tested. In recent
years, the levels of "I in milk collected from Sagemoor
and East Wahluke (downwind locations) have persisted
at levels 2 to 4 times greater than levels measured in
Sunnyside (Figure 5.26); however, concentrations were
low (Table 5.8).

About 11% of the 35 milk samples collected and
analyzed for '¥7Cs in 1992 contained detectable concen-
trations (>4.00 pCi/L), and no other gamma emitters
were consistently detectable (Appendix A, Table A.7).
However, 88% of all milk samples analyzed for ®°Sr in
1992 contained measurable levels with no apparent
differences between upwind and downwind locations
(Table 5.8). Both *Srand ''Cs are expected to some
degree in milk samples because of the presence of these
radionuclides in worldwide fallout and movement through
the air-pasture-cow-milk food chain. Figure 527 shows
the 6-year record for *Sr in milk samples from all sam-
pling areas. Concentrations of *°Sr have remained rela-
tively constant over the past 6 years. Tritium was mea-
sured in about 14% of the 22 samples analyzed, with
maximum concentrations near a detection limit of

280 pCi/L. There was no apparent difference between
results upwind and downwind of the Site (Table 5.8).
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Table 5.7. Numbers of Locations, Sampling Frequency, and Analyses Performed for Routinely Sampled

Food and Farm Products, 1992@

Number of Locations Sampling Number of Locations Analyzed

Media Upwind Downwind Frequency® °H  Gamma  *Sr PTc ™M@ U Pu
Milk 1 2 BM,Q,orSA 3 3 3 0 3 0 0
Eggs, meat

and poultry 1 2 SAorA 0 3 3 0 0 0 0
Vegetables 1 3 A 0 5 5 4 2 2 2
Fruit 3 4 A 4 4 4 -0 2 0 3
Wheat and

alfalfa 2 5 A 0 3 3 0 0 0 2
Wine 2 2 A 4 4 0 0 0 0 0

(a) Media may include multiple varieties for each category. Not all analytes were assayed at all locations or for each

variety of media.

(b) M =monthly; Q = quarterly; SA = semiannually; A = annually; B = biweekly.

(¢) '"3'Twas only measured in milk.
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Figure 5.26. Average lodine-129 ("?°l) Concentra-
tions (2 SEM) in Milk, 1987 Through 1992. As a
result of figure scale, some uncertainties (error bars)
are concealed by point symbol. Uncertainties for
some annual averages for Sunnyside samples were
less than zero and cannot be shown on a log-
scaled figure.

Thirty-four milk samples were collected and analyzed
for "1 during 1992. No atmospheric releases of '>'I
from Hanford were reported for 1992 (see Table 3.1),
and "I was not detected in any milk sample.

Vegetables

Sample Collection and Analysis

Samples of leafy vegetables (cabbage, broccoli leaves,
beet tops, or turnip greens), tomatoes, carrots, and
potatoes were obtained during the summer from

gardens and farms located within the sampling areas

(see Figure 5.25). Leafy vegetables are sampled because
of the potential deposition of airborne contaminants. At
some locations they may also receive deposition from
overhead irrigation. Three replicate samples of each
vegetable were collected at each sampling location. If
analysis of one of the replicates showed detectable levels
of radionuclides, the remaining two replicates were also
analyzed. All vegetable samples were analyzed for *Sr
and gamma-emitting radionuclides; in addition, potatoes
from selected locations were analyzed for >**Pu and
uranium isotopes. Samples were collected from the
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Table 5.8. Radionuclide Concentrations in Milk, 1992 Compared to Values
from the Previous 5 Years (pCi/L)

1992@
, No. Less Than
Location Maximum® Mean® Detection®
*H
Downwind Wabhluke Area 210 = 100% 91 + 120% 3of4
Sagemoor 300 * 80% 200 + 20% 7 of 14
Upwind Sunnyside 170 £ 120% 60 + 190% 4of4
9OSr
Downwind Wahluke Area 0.62 £ 60% 0.52 + 20% 20f4
Sagemoor 0.53 £ 70% 0.39 £ 50% 1of4
Upwind Sunnyside 0.62 £ 80% 0.54 £ 20% 1of4
1291
Downwind Wahluke Area 0.0019 £ 9% 0.0012 + 120% Oof2
Sagemoor 0.0015 = 9% 0.0012 £ 50% Oof2
Upwind Sunnyside 0.00035 * 9% 0.00028 + 50% Oof2
1987-1991@
No. Less Than
Location Maximum® Mean® Detection®
*H
Downwind Wahluke Area 300 £ 70% 80 = 30% 50 of 55
Sagemoor 330 £ 70% 100 £ 20% 57 of 63
Upwind Sunnyside 310 £ 70% 60 + 50% 53 of 55
90Sr
Downwind Wahluke Area 1.8 £ 60% 0.80 + 20% 2 of 20
Sagemoor 1.3 £ 50% 0.80 £ 20% 0 of 20
Upwind Sunnyside 3.2 £ 60% 0.73 £ 40% 3 0of 20
1291
Downwind Wahluke Area 0.038 £ 10% 0.0081 £ 100% 0of 9
Sagemoor 0.017 £ 10% 0.0081 £ 50% 0of9
Upwind Sunnyside 0.031 = 10% 0.0056 = 120% 0of9

(a) Results have shown a decreasing trend over the period of 1987 to 1992.
(b) Maximum *2 sigma analytical propagated error, expressed as a percentage.
(¢c) Mean %2 standard error of the calculated mean, expressed as a percentage.

(d) Number of samples less than detection out of number of samples analyzed. Means are

based on all samples collected.
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Figure 5.27. Strontium-90 (**Sr) Concentrations
(£2 SEM) in Milk, 1987 Through 1992. As a result
of figure scale, some uncertainties (error bars) are
concealed by point symbol.

Riverview and Horn Rapids areas to assess potential
contamination from the irrigation of crops at those loca-
tions. Irrigation water for Horn Rapids and Riverview is
withdrawn from the Columbia River downstream from
Hanford.

Results

Strontium-90 was identified in most leafy vegetable
samples but with no apparent difference between distant
and nearby locations, indicating that Hanford was not a
significant source (Appendix A, Table A.8). The con-
centrations were variable and near detection (~0.005
pCi/g) in 1992 and similar to those in previous years (Fig-
ure 5.28). Cesium-137 was found in leafy vegetables
collected from Sagemoor (0.01320.007 pCi/g), and no
other gamma emitters were consistently detectable.

Potatoes from the Horn Rapids and Sunnyside areas had
two detectable radiation measurements in 1992:
0.005+80% pCi '¥'Cs/g from Sunnyside and 0.007£60%
pCi *Sr/g from Horn Rapids. No other gamma emitters,
*Tc, or isotopes of plutonium or uranium were detected in
potatoes. Carrots from Riverview had an average concen-
tration of 0.007+90% pCi *St/g (Appendix A, Table A.9).

Food and Farm Product Surveillance

Leafy vegetables from Sunnyside and Sagemoor had
measurable quantities of °Sr (Appendix A, Table A.9);
however, there were no apparent differences between
upwind and downwind locations (Figure 5.28).
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Figure 5.28. Annual Average Strontium-90 (®°Sr)
Concentrations (£2 SEM) in Leafy Vegetables, 1987
Through 1992. As aresult of figure scale, some
uncertainties (error bars) are concealed by point
symbol.

Fruit

Sample Collection and Analysis

Samples of apples, cherries, grapes, and melons were
collected in triplicate during harvest from the areas
shown in Figure 5.25 (not all types were collected in each
area). The edible portions were analyzed for °H, ?°Sr,
gamma emitters and, for selected samples, '*Tand
239240y Tritium was analyzed in the distillate collected
from fruit samples.

Results

Measurable levels of radioactivity were not detected in
apples, cherries, concord grapes, or melons collected in
1992 from either upwind or downwind locations.
Minimum levels of detection were 300 pCi/L plant
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distillate (*H), 0.005 pCi/g dry *Sr, 1 pCi/g dry close to the analytical detection limit of 300 pCi/L. The
1291, 0.02 pCi/g dry '¥Cs, and 0.0006 pCi/g dry #***%Pu. 13Cs results do not indicate an accumulation of this
radionuclide in wine (Bisping and Woodruff 1993).
. Collectively, these results do not indicate an impact of
Wl ne Hanford operations on wine. While there is no *H
standard for wine; the standard for drinking water is

Sample Collection and Analysis 20000 PG/

Locally produced red and white wines (1992 vintage Wheat and Alfalfa

grapes) were analyzed for *H and gamma-emitting
radionuclides. The wines were made from grapes grown

at individual vineyards in the Sagemoor Area downwind Sample Collection and AnaIYSiS

of the Site and in the Yakima Valley near Prosser

upwind of the Site. Three samples of each wine were Samples of ripened wheat and mature alfalfa were

obtained from each area. collected from the areas shown in Figure 5.25. Three
replicate samples of wheat and alfalfa were collected at

Results each location and analyzed for *Sr and gamma emitters.

Wheat from the Sagemoor area was also analyzed for
239.240py, - A special study was conducted in 1992 to

The results for °H in wine indicate no difference between ] ]
examine *Sr in alfalfa.

locations (Table 5.9). The concentrations of *H were

Table 5.9. Tritium (3H) Concentrations in Wine, 1992 Compared to Values from the
Previous 5 Years (pCi/L)

1992
No. Less Than
Type of Wine Location Maximum® Mean™ Detection®
White Wine Columbia Basin 570 £ 40% 380 £ 30% lof6
Yakima Valley 550 £ 40% 350 £ 30% 0of6
Red Wine Columbia Basin 790 £ 30% 410 £ 40% Oof 6
Yakima Valley 650 + 40% 460 + 50% lof6
1987-1991
No. Less Than
Location Maximum® Mean® Detection®
White Wine Columbia Basin 930 + 30% 370 + 40% 40f12
Yakima Valley 820 + 40% 260 + 50% 9of 14
Red Wine Columbia Basin 600 + 50% 320 £ 30% 20f 11
Yakima Valley 500 + 40% 240 + 50% 4 0f 9

(a) Maximum # analytical propagated error, expressed as a percentage.
(b) Mean 2 standard error of the calculated mean, expressed as a percentage.
(c) Number of samples less than detection out of number of samples analyzed.
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Results

Gamma emitters, 28Pu, and *****°Pu were not detected
(<0.0006 pCi/g) in any wheat samples. There was one
positive 'Cs measurement (in 18 samples) in Sagemoor
alfalfa (0.02£80% pCi/g). Strontium-90 levels in alfalfa
continued to show a slight difference between alfalfa
irrigated with Columbia River water withdrawn down-
stream from Hanford relative to other locations
(Riverview and Horn Rapids). Sunnyside and Benton
City use water from the Yakima River, and Moses Lake,
Wahluke, North Riverview, and Sagemoor use irrigation
water originating in Lake Roosevelt behind Grand
Coulee Dam. The concentrations of °Sr in alfalfa from
Benton City samples in 1992 were greater than levels
reported at Riverview, but less than concentrations at
Horn Rapids (Table 5.10). All other locations routinely
sampled in 1992 had concentrations of *Sr lower than
Riverview and Horn Rapids. Analysis of the data based
on whether the alfalfa was irrigated with Columbia River
water withdrawn downstream from the Hanford Site
compared to other irrigation sources indicated that the
Columbia River water irrigated samples had significantly
elevated levels of *°Sr (as has been observed since 1988,
see Figure 5.29 and Appendix A, Table A.10). Analysis
of Columbia River water at Priest Rapids Dam and the
Richland Pumphouse, however, indicated no measurable
difference between *Sr concentrations in the water.
While the differences in *°Sr in alfalfa at these locations
appears significant, the actual concentrations at all
locations are low and do not present a significant hazard
to humans or livestock.

Table 5.10. Strontium-30 (*°Sr) in Alfalfa Samples,
1992

No. of Irrigation

Location Concentration” Samples ~ Water Source
Benton City 0.12 + 0.07 3 Yakima River
Horn Rapids 0.20 + 0.06 YA Columbia River
Moses Lake 0.05 + 0.002 3 Roosevelt Lake®™
North Riverview  0.03 = 0.03 3 Roosevelt Lake®
Riverview 0.11 £ 0.02 3 Columbia River
Sagemoor 0.06 = 0.02 6 Roosevelt Lake®™
Sunnyside 0.07 £ 0.06 3 Yakima River
Wahluke 0.05 + 0.04 3 Roosevelt Lake®

(a) Concentrations are mean 2 SEM.
(b) Columbia Basin Irrigation Project water.

Food and Farm Product Surveillance
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Figure 5.29. Strontium-90 (°°Sr) Concentrations in
(2 SEM) Alfalfa Routinely Collected at Riverview
and Richland (irrigated with Columbia River water)
and All Other Sampling Locations, 1987 Through
1992. As a result of figure scale, some uncertain-
ties (error bars) are concealed by point symbol.

Beef, Chickens, and Eggs

Sample Collection and Analysis

Samples of locally produced beef, poultry, and eggs are
collected twice annually from the areas adjacent to the
Hanford Site (Figure 5.25).

Results

Beef collected from Riverview and Sunnyside had
measurable concentrations of '*’Cs, 0.005+80% and
0.008+60% pCi/g, respectively. No measurable concen-
trations of any radionuclide were found in chicken or egg
samples. Similarly, *Sr concentrations were less than
detection (0.005 pCi/g) in all three products. There was
no apparent effect from Hanford operations on radionu-
clide levels in beef, poultry, or eggs.
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5.5 Wildlife Surveillance

A number of fish and wildlife species inhabit the Columbia
River and Hanford Site. Wildlife have access to several
areas that contain some radioactive contamination, and
fish can be exposed to contamination in spring water
entering the river along the shoreline. It is important,
therefore, to monitor fish and wildlife. Fish and some
wildlife species exposed to Hanford effluents may be
harvested, and potentially contribute to the dose to
people. Detection of radioactivity in fish and wildlife
may indicate that wildlife are entering restricted areas or
that radioactivity is migrating out of restricted areas.
Consequently, many of the collection sites are located
adjacent to restricted areas (Figure 5.30). Samples are
collected once annually during the hunting or fishing
season for selected species.

When radioactivity is found in fish or wildlife, it is
important to estimate what part of that radioactivity
originated at Hanford. A number of background samples
of fish and wildlife have been collected from distant
locations and analyzed in 1992. Radionuclide concentra-
tions in all background samples for each species rou-
tinely sampled onsite are reported below.

Strontium-90 and '*’Cs have been the most importantand
frequently reported radionuclides in fish and wildlife.
However, a much larger number of radionuclides (see
Appendix F) are analyzed, but are not reported unless
detected. Cesium is particularly important because it is
chemically similar to potassium and accumulates in the
muscle tissue of fish and wildlife. Strontium is chemi-
cally similar to calcium; consequently, it accumulates in
hard tissues high in calcium like bone, antlers, and egg
shells. Plutonium was monitored in liver because it
accumulates in that organ and is therefore a sensitive
indicator of exposure. A listing of the media sampled,
number of sampling locations, and radionuclides
analyzed is shown in Table 5.11. The locations of
wildlife sample collections are indicated in Figure 5.30.
Concentrations of radioactivity in fish and wildlife are
reported in units of pCi/g wet weight + the analytical
propagated error expressed as a percent. Average
concentrations are expressed in pCi/g wet weight 12
SEM. Additional data covering 1987 to 1992 may be

found in Appendix A. None of the radionuclides
measured in fish would result in a significant dose if
consumed by humans. This is reflected in the dose
estimates (Section 6.0) for the MEI, which indicates that
consumption of Columbia River fish contributed only
9% of the 0.02-mrem MEI dose, with the primary
contributors being *°Sr and '*’Cs.

Fish

Bass, carp, and whitefish were collected from the
Hanford Reach in 1992. In general, radionuclides were
not consistently detected in fish flesh. Results for
radionuclides known to enter the Columbia River are
discussed below. The 1992 results were compared to
background samples collected in 1990 and 1991 from
areas distant from Hanford Site. Results from all 1992
samples are listed by Bisping and Woodruff (1993).

Bass

Sample Collection and Analysis

Bass were collected from near the 100-F Slough because
it is downstream of N Springs and is a natural place
where bass congregate in the spring for breeding. Five
bass were collected in May 1992 from the 100-F Slough.
Fillets were analyzed for gamma-emitting radionuclides
and ®Sr. Carcasses were analyzed for “Sr only. Back-
ground samples of bass were collected from a pond near
Sunnyside, Washington, and analyzed in 1991.

Results

One of five bass samples collected at the 100-F Slough
contained 0.05 (+ 60%) pCi '*’Cs/g muscle (Table 5.12).
Neither ®Co (< 0.004 pCi/g) nor *Sr (< 0.002 pCi/g) was
detected in 100-F Slough bass muscle. Bass carcasses
contained 0.022 (+ 40%) pCi **Sr/g. This mean concen-
tration exceeded the mean concentrations reported in
background bass samples collected in 1991 from a
Sunnyside pond of 0.007 (£ 50%) pCi/g.
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Figure 5.30. Fish and Wildlife Sampling Locations, 1992




Wildlife Surveillance

Table 5.11. Locations, Species, and Radionuclides Sampled for Fish and Wildlife, 1992

Number of Locations

Media Gamma 20Sy@ “Tc U Pu®
Fish 3 3 1 1 0
Ducks 2 3 1 0 0
Upland gamebirds 1 0 0 0 0
Mule deer 3 2 0 0 3
Jack rabbits 3 3 0 0 3

and cottontails

(a) Analyzed in bone and some muscle samples.

(b) Analyzed in liver only.

(c) Usually mallards; a teal was sampled at West Lake in 1992.
(d) Usually pheasants.

Table 5.12. Summary of Cesium-137 (*Cs) in Bass Muscle and Strontium-90 (°°Sr) in Bass Carcass (pCi/g

wet), 1992 Compared to Values from the Previous 5 Years

1987-1991
. No.
Less Than Less Than

Location Maximum® Detection® Maximum® Mean® Detection
137Cs in Muscle
100-F Slough 0.05 £ 60% 0.02+110% 40f5 0.09 = 50% 0.04 + 30% 5 0f 20
Sunnyside® 0.08 £ 90% 0.01+160% 19 of 20
%Sr in Carcass
100-F Slough 0.030 £ 30% 0.022 + 40% 0of 5 0.066 * 50% 0.040 + 20% 0of20
Sunnyside® 0.032 = 30% 0.007 £50% 2 of 20

(a) Maximum is the concentration in pCi/g +2 sigma analytical propagated error as a percentage.

(b) Mean is pCi/g 32 standard error as a percentage.

(¢c) Number of samples less than detection out of number of samples analyzed.

(d) Collected in 1991.
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Carp

Sample Collection and Analysis

Carp are collected from the 100-N Area because of the
proximity of the N Springs and the release of *Sr to the
river. Carp are also collected near the 300 Area because
of the potential contribution of uranium and the potential
releases of *Sr and gamma-emitting radionuclides from
ground-water seeps along the river shoreline at the

300 Area and upstream. Carp have been sampled in the
past when inadvertently collected; however, they were
added to the routine schedule in 1990 because of potential
consumption by specific ethnic groups in the area. Back-
ground samples of carp were collected from the Columbia
River near Vantage, Washington, in 1990 and 1991.

Results

A single carp was collected at the 100-N Area; the muscle
contained 0.01 (£ 90%) pCi P'Cs/g (see Appendix A,
Table A.11) and 0.01 (£ 60%) pCi ®Co/g. The carcass
contained 0.011 (+ 70%) pCi *°Sr/g; however, *Sr was
not detected in muscle (<0.005 pCi/g). Near the 300
Area, two of five carp collected had measurable levels of
'¥Cs in muscle [maximum 0.02 (£ 100%) pCi/g]. In
comparison, 6 of 13 carp collected in 1990 and 1991 at
Vantage had measurable concentrations of '*’Cs, with a
maximum concentration of 0.01 (= 60%) pCi/g.

Uranium was not found in carp muscle samples

(<0.02 pCi/g) collected from the 300 Area. Strontium-90
was detected in all carp carcasses collected from the 300
Area [0.025 (= 50%) pCi/g]. Background carp carcass
samples collected from Vantage in 1990 and 1991 con-
tained greater levels of *°Sr than the carp sampled from
the 300 Area over the past 2 years. The range of concen-
trations measured using Vantage samples are indicators
of background concentrations, while the concentrations
from samples from the 100-N Area indicate exposure to
elevated *Sr in the river.

Whitefish

Sample Collection and Analysis

Whitefish were collected because historically they have
been the sportfish that accumulated the highest levels of
radioactivity. Whitefish are currently collected from the

100-N Area and the 300 Area. Whitefish muscle was
analyzed for gamma-emitting radionuclides, *°Sr,
uranium isotopes, and *Tc.

Results

Six of nine whitefish collected near the 100-N Area had
measurable levels of '*’Cs in muscle [the mean con-
centration was 0.04 (+ 70%) *’pCi/g]. Muscle from
whitefish collected near the 300 Area had a maximum
concentration of 0.03 (£ 60%) pCi/g (see Appendix A,
Table A.12). Neither ©Co (<0.02 pCi/g), nor 28U
(<0.0008 pCi/g) was detected in whitefish muscle. One
of ten whitefish muscle samples had measurable levels of
®Te [1.9 (+ .30%) pCi/g].

Average concentrations of *Sr in whitefish carcasses
ranged from 0.013 (£ 40%) pCi/g at the 100-N Area to
0.025 (£ 50%) pCi/g at the 300 Area. Mean results for
background whitefish carcasses collected in 1990 from the
Kettle River were 0.035 (£20%) pCi *Sr/g. The higher
concentrations of *Sr measured in Kettle River whitefish
carcasses may indicate exposure to elevated environmental
“Sr resulting from weapons testing fallout.

Waterfowl

Sample Collection and Analysis

Duck sampling at B Pond was modified in 1992 to
segregate the ducks into two distinct populations.
Mallard ducks were collected in August to represent
resident ducks, and in November to represent a
population influenced by northern migrants.

Results

Cesium-137 was detected in all muscle sampled from
ducks at B Pond; however, the mean concentration in the
August sampling was 0.89 (£ 40%) pCi/g compared to
0.18 (£ 60%) pCi/g in the November sample (Figure 5.31).
The higher concentration of '*’Cs in the August duck
population reflects the long-term, chronic exposure of the
resident waterfowl compared to the transient exposure of
the migrants. A single green-wing teal collected from
West Lake had measurable levels of *"Cs (0.060 + 70%
pCi/g, Table 5.13) and *°Sr (0.003 £ 90% pCi/g) that
were very close to detection. For comparison, ducks
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Figure 5.31. Concentrations (+2 SEM) of Cesium-
137 (*¥Cs) in Duck Muscle Samples from B Pond,
1987 Through 1992
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collected from Vantage in November of 1990 contained a
maximum concentration of 0.03 (£40%) pCi '¥'Cs/g
muscle and 0.41 (£ 30%) pCi *Sr/g bone.

Goose Egg Shells

Sample Collection and Analysis

Because *Sr behaves similarly to calcium in the environ-
ment, goose egg shells have been monitored in the past
for ®Sr as an indicator of migration of *°Sr in the environ-
ment (Rickard and Price 1990). Goose egg shells col-
lected from several islands 1in the Hanford Reach near the
100-D to 100-F Areas in 1991 and 1992 were analyzed
for ®°Sr and compared to 1987 and 1988 data to measure
any trends over time.

Results

Concentrations of *°Sr in goose egg shells collected in
1992 (Table 5.14) were significantly lower than samples
collected in 1987; however, results were variable and

Table 5.13. Summary of Cesium-137 ('*Cs) in Duck Muscle, 1992 Compared to Values from the Previous

5 Years
1992 1987-1991
No. No.
Less Than Less Than
Location Maximum® Mean® Detection®® Maximum® Mean® Detection'
B Pond 1.32+210% 0.54 +50% 0of 10 4.1%10% 0.86 £ 30% 11 of 63
100-N Area @ - - 0.03 £ 80% 0.008 £120% 11 of 12
West Lake 0.06 + 70% Oofl 1.4+ 10% 0.31 £ 100% 4 0of 9
Vantage® —-- - - 0.03 £ 40% 0.004 + 160% 7 of 9

(a) Maximum is the concentration in pCi/g £2 sigma analytical propagated error as a percentage.

(b) Mean is pCi/g +2 standard error as a percentage.

(c) Number of samples less than detection out of number of samples analyzed.

(d) None collected.
(e) Collected in 1990.
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Table 5.14. Concentrations of Strontium-90 (*°Sr)
in Goose Egg Shells, 1987, 1988, 1991, and 1992

No. of
Year® Concentration® Samples
1987 1.26 £ 0.22% 15
1988 0.84 = 0.15% 51
1991 1.01 £ 0.34% 17
1992 0.61 +0.27% 11

(a) 1987, 1988, and 1991 results do not differ
significantly. 1988, 1991, and 1992 results also
do not differ significantly.

(b) Concentrations are means £2 SEM expressed as a
percentage.

there were no other significant differences between col-
lection years. The concentrations of *°Sr in egg shells do
not represent a pathway to humans.

Gamebirds

Sample Collection and Analysis

Pheasants were collected from the 100-D to 100-F Areas
on the Hanford Site. This population of game birds has
the potential to migrate across the river or move on to
islands where they may be hunted. Breast muscle was
analyzed for gamma-emitting radionuclides.

Results

Breast muscle was analyzed for ®Co and '*’Cs. Three of
four pheasants collected in 1992 had detectable levels of
131Cs that ranged from 0.02 (£ 0.50%) to 0.04 (#40%)
pCi/g (Table 5.15). Cobalt-60 was not detected

(<0.02 pCi/g) in muscle.

A population of pheasants from Sunnyside was sampled
in 1990 and analyzed in 1992 to determine background
concentrations of ®Co and "*’Cs in muscle samples.
Neither ®Co [< 0.016 (+ 130%) pCi/g] nor ¥'Cs [< 0.007
(£ 180%) pCi/g] were measured in the 10 muscle
samples submitted for analysis (Table 5.15). Lack of
measurable concentrations of radionuclides in pheasant
muscle indicate a low potential contribution to human
dose from consumption.

Rabbits

Sample Collection and Analysis

Muscle, bone, and liver samples were taken from cotton-
tail rabbits collected at the 100-N Area, and from jack-
rabbits collected from the 200-East and 200-West Areas.
Rabbits cannot be hunted for human consumption on the
Hanford Site, and they cannot cross the Columbia River
to where they could be hunted. However, rabbits are
good indicators of potential exposure to contamination
because of their burrowing behavior and ability to enter
fenced restricted areas. Background rabbit samples of
both species were collected at Boardman, Oregon, in
1990. Muscle, bone, and liver were analyzed in 1992 for
gamma-emitting radionuclides, *Sr, 2$Pu, and #%2Puy,
respectively.

Results

Cesium-137 was measured in muscle from four of eight
jackrabbits collected from the 200 Areas (Table 5.16);
however, the concentrations were comparable to concen-
trations found in background samples collected from
Boardman, Oregon. Rabbits collected from the 200
Areas had elevated concentrations of *Sr in bone com-
pared to rabbits from the 100-N Area and Boardman
(Table 5.17). Plutonium-238 was not detected in any
liver samples collected in 1992; however, >* 2*°Pu was
measured in half of the jackrabbit liver samples analyzed
in 1992 (see Appendix A, Table A.13). The maximum
concentration of 0.0008 (£ 60%) pCi/g is consistent with
prior measurements. Usually, plutonium isotopes are not
detected in rabbit liver tissue; however, more data are
needed to verify whether these data indicate a trend.

Deer

Sample Collection and Analysis

Samples were taken from deer that were killed in road
accidents or selectively hunted. All deer muscle samples
were analyzed for gamma-emitting radionuclides, includ-
ing ®Co and *’Cs. Background bone samples and
samples collected from the 100-N Area were analyzed
for *Sr. Five antler samples collected during a wildlife
survey were also analyzed for ®°Sr to check for probable
environmental exposure to *°Sr. Plutonium-238 and
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Table 5.15. Summary of Cesium-137 (*Cs) in Upland Gamebird Muscle (pCi/g wet), 1992 Compared to
Values from the Previous 5 Years

1992 1987-1991
No. No.
Less Than Less Than

Location Maximum® Mean® Detection® Maximum'® Mean® Detection
100-D to 100-F

Areas 0.04 +40% 0.02 + 60% 1of4 0.021£60%  0.007 +80% 20 of 31
100-N Area — — — 20+2% 1 of 1
Yakima County®® 0.007 £ 180% 0.001 £680% 10 of 10

(a) Maximum is the concentration in pCi/g + 2 sigma total error as a percentage.
(b) Mean is pCi/g + 2 standard error as a percentage of all samples analyzed including less-than-detection values.
(¢) Number of samples less than detection out of number of samples analyzed.

(d) None collected.
(e) Collected in 1990.

Table 5.16. Summary of Cesium-137 (*¥’Cs) in Rabbit Muscle (pCi/g wet), 1992 Compared to Values from

the Previous 5 Years

1992 1987-1991
No. No.
Less Than Less Than

Location/Species Maximum® Mean® Detection® Maximum® Mean® Detection'’
200-East Area/

jackrabbit 0.022 + 50% 0.008 £ 130% 3o0f4 0.25 +20% 0.04 £ 90% 7 of 13
200-West Area/ 0.014 £ 70% 0.011 £40% 1of4 0.15+20% 0.03 1+ 110% 7 of 9

jackrabbit
100-N Area/ 0.032 £ 130% -0.001 £2,000% 4of4 0.15+30% 0.03 + 100% 10of 15

cottontail
Boardman/

jackrabbit 0.03+70%  0.005£200% 9 of 10

cottontail 0.03+130% 0.006 = 150% 100f 10

(a) Maximum is the concentration in pCi/g 2 sigma analytical propagated error as a percentage.
(b) Mean is pCi/g +2 standard error as a percentage.
(c¢) Number of samples less than detection out of number of samples analyzed.

(d) Collected in 1990.
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Tabie 5.17. Summary of Strontium-90 (*°Sr) in Rabbit Bone (pCi/g wet), 1992 Compared to Values from the

Previous 5 Years

1992 1987-1991
No. No.
Less Than Less Than
Location/Species Maximum® Mean® Detection® Maximum® Mean® Detection®
200-East Area/ 180+ 1% 7.9+ 90% 0of4 49 + 20% 11+ 70% 0of 13
jackrabbit
200-West Area/ 14.8 £ 20% 4.1+170% Oof4 140+ 20% 21+ 150% 0of 9
jackrabbit
100-N Area/ 0.41 £20% 0.24 £ 40% 0of4 460 £ 20% 98 + 70% 0of 15
cottontail
Boardman@/
jackrabbit 091+10% 0.47+20% 0of 10
cottontail 036+£20% 0.27+10% 0of 10

(a) Maximum is the concentration in pCi/g £2 sigma analytical propagated error as a percentage.

(b) Mean is pCi/g £2 standard error as a percentage.

(c) Number of samples less than detection out of number of samples analyzed.

(d) Collected in 1990.

239240py were analyzed in liver samples from all deer
sampled in 1992. While deer hunting is not allowed
onsite, deer can leave the Site, and a small number of
deer potentially from Hanford are harvested annually
from Columbia River islands and Grant, Benton, and
Franklin counties. Background deer samples were
donated by a hunter who collected them in Stevens
County, located about 210 km (131 mi) northeast of the
Hanford Site.

Results

Generally, %°Co and other gamma-emitting radionuclides
were not detectable in deer muscle; the maximum con-
centration was 0.01 (+ 90%) pCi/g. However, three of
nine deer sampled at Hanford had positive measurements
of ¥Cs (Bisping and Woodruff 1993). These measure-
ments ranged from 0.006 (+ 50%) pCi '*"Cs/g to 0.017
(£ 40%) pCi ¥'Cs/g. The background deer samples from
Stevens County contained 0.33 (= 10%) and 0.52

(£ 10%) pCi '*"Cs/g. These background deer samples
contain about ten times higher concentrations of '*’Cs
because the Stevens County area historically received

more precipitation and thus received more deposition of
fallout from atmospheric weapons testing than the arid
Hanford Site.

A positive relationship between elevated levels of 1*’Cs
in Hanford workers has been established with the con-
sumption of wild game taken from other areas that
received relatively higher levels of fallout (MacLellan
et al. 1993). In this study, Hanford workers who had
elevated whole-body measurements consumed large
amounts of deer or elk meat from animals that had
accumulated elevated levels of fallout '*’Cs in their
natural habitat. The annual effective dose to the hunters
was about 2.5 mrem.

In 1992, the three deer sampled from the 100-N Area had
measurable amounts of *Sr in bone (range 1.4 to 20.8
pCi/g) that exceeded the levels measured in background
deer (maximum value of 0.81 pCi/g). Concentrations

of *Sr in antlers from Hanford deer ranged from 0.34

(£ 30%) to 0.54 (x 10%) pCi/g antler. These con-
centrations of **Sr are comparable to levels in deer bone
from background samples from Stevens County
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(see Appendix A, Table A.14) and rabbit bone samples
collected from Boardman, Oregon (Table 5.17). Even
though one deer antler was found close to the 100-N
Area, the relatively low *Sr concentrations may indicate
that the deer had not been exposed to elevated levels

Wildlife Surveillance

of ®Sr in their habitat. Analysis of antlers is a non-
destructive method of monitoring deer populations.

In 1992, no plutonium was detected in any deer liver
sample (<0.0005 pCi/g).
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5.6 Soil and Vegetation Surveillance

Surface soil samples were collected from nine locations
during the summer of 1992, three on and six off the
Hanford Site. The offsite samples were collected at four
perimeter and two distant locations. Perennial vegetation
was collected at seven locations including two distant,
one onsite, and four perimeter locations. The purpose of
this sampling was to detect any buildup of radionuclides
from deposition of airborne effluents released from
Hanford facilities, compare current data with previous
years data to determine obvious long-term trends, and
add to the information concerning radionuclide concen-
trations for soil and vegetation both on and off the
Hanford Site.

Radiological contributions from Hanford operations were
assessed by comparing results from samples taken:

1) onsite with those collected offsite and 2) around the
Site perimeter with those collected at distant locations.
Results in 1992 were also compared to results obtained
in previous years.

A special study was completed in 1992 to analyze
shoreline vegetation sampled from areas where elevated
radionuclide concentrations were found in ground water
seeping into the Columbia River.

Sample Collection and
Analysis

Soil and vegetation samples were collected at the loca-
tions shown in Figure 5.32 and summarized in

Table 5.18. Onsite sampling was concentrated around
the 100-N Area, where previous studies have docu-
mented the existence of elevated concentrations of some
radionuclides (Dirkes 1990). Two-thirds of the offsite
samples were collected at downwind locations near the
Site boundary, where the maximum effects from releases
would be expected to be found. The other one-third of
the offsite samples were collected at relatively distant
and upwind locations, where buildup of Hanford's
radioactive emissions should be minimal. These upwind
and distant locations were used to establish background

radionuclide concentration levels for 1992. The area
southeast of the Site is generally considered to be
downwind and the area north to northwest of Hanford is
considered upwind.

Soil samples were composites of five soil cores 2.54 ¢cm
deep by 10 cm diameter (1 in. by 4 in.) taken from the
same general location. Perennial vegetation samples
consisted of new growth from predominant shrub-steppe
species (e.g., rabbitbrush and sagebrush), collected in the
same vicinity as the soil samples. Sample aliquots were
analyzed for gamma-emitting radionuclides (Appen-

dix F), *°Sr, 2!U, and ®**'Pu.

A shoreline vegetation study was started in 1990 by
sampling shoreline vegetation in areas reported to have
radiological contamination in ground-water seeps. Areas
of particular interest included the 100-N Area, the old
Hanford townsite, and the 300 Area springs (Dirkes
1990). A contaminated ground-water plume originating
in the 200 Areas extends from the old Hanford townsite
to the 300 Area (Dirkes 1990; Woodruff et al. 1991;
Woodruff et al. 1992). In 1992, additional samples were
collected at the same locations and at a background
location upstream from the Vernita Bridge.

Results for Soil

Of the soil analyses performed, the only consistently
detectable radionuclides were “K, *°Sr, ¥’Cs, %, and
239240py . Potassium-40 is a naturally occurring radio-
nuclide with a half-life longer than one billion years, and
is not of Hanford origin. Strontium-90 and '¥Cs are
both fission products and have half-lives of 27.7 and

30 yr, respectively (USDHEW 1970); these radionu-
clides may be of Hanford origin or from giobal atimos-
pheric fallout. Uranium-238 is a primordial radionuclide
having a half-life of 4.51 billion years and is naturally
found in soils off the Hanford Site. However, ¥U as
well as 2*U and *°U have been released during past
Hanford operations. Plutonium isotopes in soils near the

" Hanford Site may be from historical Hanford operations

or may be the result of global atmospheric fallout.
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Table 5.18. Soil and Vegetation Samples, 1992

No. of
General Location Samples
Soil
Onsite 100-N Area 3
Offsite® "~ Near 4
Distant 2
Vegetation
Onsite 100-N Area 1
Offsite® Near 4
Distant 2

(a) A =annually.
3 yr = once every 3 years.
5 yr = once every 5 years.
(b) Near = locations at the Site perimeter.
Distant = Yakima and Sunnyside (see Figure 5.32).

Frequency® Analytes
A “Sr, gamma scan, U, Pu
Ato3yr “Sr, ! Am, gamma scan, U, Pu
Aor5yr PSr, ! Am, gamma scan, U, Pu
A “Sr, gamma scan, U, Pu
Ato3yr “Sr, gamma scan, U, Pu
Aor5yr #Sr, gamma scan, U, Pu

Radionuclide concentrations in soil are reported in

Table 5.19 and Appendix A, Tables A.15 through A .18,
and are shown in Figures 5.33 and 5.34. Nonparametric
statistical analyses of the analytical results indicated no
significant differences between the distant upwind and
the perimeter downwind locations for *Sr, ¥’Cs, 2#U,
and ****Pu concentrations (p values were 0.133, 0.467,
0.733, and 0.200, respectively). A p value represents the
likelihood that data sets being compared are the same. A
p value greater than or equal to 0.1 indicates the data sets
are similar, and a p value less than 0.1 indicates they are
not similar. Likewise, there were no statistical differences
between the onsite and the combined offsite radionuclide
concentrations for *Sr, '¥'Cs, and #**°Pu (p values were
0.952, 0.653, and 0.714, respectively). A statistical
difference was found when comparing onsite and com-
bined offsite 2*U values, p = 0.012, with the onsite data
having a higher range of values. This means that the >**U
concentrations measured in soil from around the 100-N
Area were significantly different (and higher) than con-
centrations measured in offsite soil samples.

Results for Vegetation

Activity concentrations of the three most consistently
detected radionuclides found in vegetation during 1992,
"Be, “K, and *Sr, are presented in Table 5.20. Beryllium-7
and *K are naturally occurring radionuclides and are not
of Hanford origin. Strontium-90 is a fission product and
may be of Hanford origin or from global fallout. His-
torically, other radionuclides of interest have been uran-
ium, ¥’Cs, and >***Pu; however, in 1992, these radionu-
clides were only sporadically detected (Table 5.21).
Uranium-238 was only seen in one sample collected at
Yakima (5.07+2.57 fCi/g 2*8U); '3’Cs and »°*Pu were
only detected in a sample collected at Sagemoor, a down-
wind location (13.1£11.5 fCi/g and 27.7+15.8 fCi/g,
respectively). A fCi (1 x 10" Ci) is 2.22 radioactive dis-
integrations every 1,000 minutes. The remaining samples
had errors associated with the analyses such that the 95%
confidence interval encompassed zero (i.e., not 95% con-
fident that the true radionuclide concentration was above
zero). Table 5.21 summarizes data collected in 1992 and
5-yr averages for *Sr, ¥'Cs, 2*¥U, and #**Puy.
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Table 5.19. Radionuclide Concentrations in Soil Samples Collected on and off the Hanford Site, 1992
Compared to Values from the Previous 5 Years (units are pCi/g dry weight)

1992 1987-1991 B
Radio- No. of No. of

Location  nuclide Samples Maximum® Mean® Samples Maximum® Mean‘?
Onsite OSr 3 0.24 + 5% 0.12 £ 103% 60 2.7+ 3% 0.24 + 35%
31Cs 3 1.0 £ 4% 0.73 + 54% 60 26 £ 1% 1.9 + 60%
Wy © 3 1.3 £ 30% 1.2 + 14% 43 33£14% 077+ 18%
2397240py 3 0.020 £ 9% 0.013 £ 73% 60 0.71 £ 1% 0.063 + 66%
Perimeter *°Sr 4 0.15+ 6% 0.11 £37% 48 0.40 £ 6% 0.13 + 18%
37Cs 4 0.95 + 8% 0.60 £ 59% 438 1.8 £ 3% 0.58 + 22%
U o 3 091 +25% 0.72 + 26% 37 1.8+22% 0.76 = 13%
- 2390240py 4 0.021 + 8% 0.013 + 68% 33 0029+ 11% 0.0072 + 34%
0.033 £7% 0.011 £21%
Distant OSr 2 0045+ 11% 0.042 + 17% 33 0.35+ 4% 0.10 = 28%
131Cs 2 045+ 6% 043 + 6% 33 1.2+5% 039 £ 29%
238ULEPS 2 0.84 £ 34% 0.76 + 22% 24 1.7+ 5% 075 £ 21%
29140py 2 0.0078 £ 14% 0.0077 £ 1% 33 0.029 £ 11% 0.0072 + 34%

(a) Maximum value =2 sigma counting error expressed as a percentage of the maximum value.

(b) Mean value +2 SEM expressed as a percentage of the mean value.

(¢) Maximum value in previous 5 years +2 SEM expressed as a percentage of the maximum value.
(d) Five-year mean value 2 SEM expressed as a percentage of the mean value.

(e) 238U

LEPS

is a method of analyzing for >*U by detecting low-energy photons.

Based on these results (Figure 5.35) and the associated
statistical analyses, no accumulation of radionuclides
from deposition of airborne effluents was detected.

Shoreline Vegetation
Special Study

Columbia River shoreline vegetation samples were
collected in 1990 through 1992. Vegetation from the
100-N Area, the old Hanford townsite, and the 300 Area
contained elevated levels of radionuclides. Tritium was
elevated above background in all areas (Figure 5.36);
%Co and *Sr were found in highest concentrations in
vegetation from the 100-N Area (Figures 5.37 and 5.38).
The concentrations of '¥’Cs were greater than back-
ground in only the 100-N Area (Figure 5.39). Uranium
and plutonium were just above background in all three
areas (Figures 5.40 and 5.41). The maximum

concentrations of ®Co, 'VCs, 2**Pu, and ?***°Pu were
similar to or less than those at the background location;
however, there were instances of plutonium in shoreline
vegetation that appeared to be slightly elevated above the
background location. The committed effective dose
equivalent was estimated based on consumption of a
kilogram of plants containing the highest concentrations
found in the edible portions of vegetation. The highest
dose was three orders of magnitude less than the 100-
mrem dose limit for the public set by the DOE.

As part of the shoreline vegetation study, samples of
milfoil (a submerged aquatic plant) were also collected
in 1992 from the Columbia River at the 300 Area, the
100-N Area, and upstream from the Vernita Bridge
(upstream from the Site). Results showed higher
concentrations of uranium isotopes at the 300 Area. The
isotopic ratios of *U:>U suggest that the source of
uranium around the 300 Area is enriched with 5U.
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Figure 5.33. Selected Radionuclide Maximum, Median, and Minimum Concentrations in Soil, 1987 Through
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Table 5.20. Concentrations of Three Radionuclides Consistently Found in Vegetation,
1992 (units are pCi/g dry weight)®

Sampling Location

N Springs
Yakima
Sunnyside
Ringold

Byers Landing

Sagemoor
Riverview

7]3e 40K QOSr
7.0 + 0.39 16 =+ 0.88 0.015 = 0.0039
1.7 £ 0.32 17 £ 0.99 0.0026 + 0.0025
29 + 0.29 13 = 0.83 0.0144 + 0.0041
27 £ 027 17 £ 0.78 0.0021 = 0.0033
3.8 £ 041 19 £ 1.2 0.0028 + 0.0026
46 £ 0.27 15 = 0.67 0.015 = 0.0046
44 £ 0.31 14 £ 0.68 0.0181 £ 0.0053

(a) Reported are individual results * 2 sigma counting error.

Table 5.21. Radionuclide Concentrations in Vegetation Samples on and off the Hanford Site, 1992 Com-

pared to Values from the Previous 5 Years (units are pCi/g dry weight)

1992 1987-1991
Radio- No. of No. of
Location nuclide Samples Maximum® Mean® Samples  Maximum® Mean®
Onsite S 1 0.015 £ 26% 0.015 57 0.41 £ 5% 0.089 =+ 24%
B¥Cs 1 0.0059 £ 388% 0.0059 57 0.32 £ 8% 0.053 = 35%
U™ 1 -0.0044 -0.0044 56 0.036 0.012 = 18%
U-iso® 0 1 0.0062 + 24%  0.0062
239/240py 1 0.000064 £ 156% 0.000064 57 0.041 + 6% 0.0016 £ 95%
Perimeter *Sr 4 0.018 £29% 0.0095 £ 87% 53 0.36 £ 4% 0.059 £ 28%
B7Cs 4 0.013 £ 88% -0.0006 £ 1730% 53 0.11 £ 24% 0.018 £ 32%
Upar 4 <0.0049 -0.0029 + 221% - 53 0.06 0.018 £+ 19%
2391240py 4 0.00028 £ 57% 0.00013 £ 78% 53 0.00075 £42% 0.00019 + 22%
Distant PSr 2 0.014 + 28% 0.0085 * 139% 26 0.74 + 3% 0.064 £ 85%
¥1Cs 2 0.0051 £364%  -0.0013 % 962% 26 0.079 + 29% 0.017 £ 40%
Upar 1 -0.0017 0.0017 24 0.47 0.05 £ 81%
U-iso 1 0.0077 £ 47% 0.0077 2 0.15 £ 8% 0.079 + 188%
29240py 2 0.00010 £ 111% 0.000103 % 3% 26 0.0013 £ 28% 0.00029 + 43%

(a) Maximum value +2 sigma counting error expressed as a percentage of the maximum value.
(b) Mean value 2 SEM expressed as a percentage of the mean value.
(c) Maximum value in previous 5 years 2 standard deviations expressed as a percentage of the maximum value.
(d) Five-year mean value +2 SEM expressed as a percentage of the mean.

(e) U

NAT

() U-iso is a sum of isotopic results.

is a chemical analysis and does not have counting error.
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Figure 5.35. Selected Radionuclide Maximum, Median, and Minimum Concentrations in Vegetation, 1987

Through 1992. Units are pCi/g (dry weight). As a result of figure scale, some values overlap.
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Figure 5.36. Tritium (°*H) Concentrations in Columbia River Shoreline Vegetation for Individual Samples
Collected from 1990 Through 1992. Pumpkin and tomatoes had been planted along the shoreline at the old
Hanford townsite and are not normal shoreline vegetation.
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Figure 5.37. Cobalt-60 (**Co) Concentrations in Columbia River Shoreline Vegetation for Individual
Samples Collected from 1990 Through 1992. Pumpkin and tomatoes had been planted along the shoreline
at the old Hanford townsite and are not normal shoreline vegetation.
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Figure 5.38. Strontium-90 (*°Sr) Concentrations in Columbia River Shoreline Vegetation for Individual
Samples Collected from 1990 Through 1992. Pumpkin and tomatoes had been planted along the shoreline
at the old Hanford townsite and are not normal shoreline vegetation.
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Figure 5.40. Uranium Concentrations in Columbia River Shoreline Vegetation for Individual Samples
Collected from 1990 Through 1992

0.01
i . 239,240p,, ® Asparagus
I A Chicory
A
B Chokecherry
0.001 |- . R
F ° o ¢ Dogbane
o0 r A & A %
3 - A AA Mulberry
= L= g s
g ¢ g Onion
£ 0.0001F * 4
8 A g ¥ K 2 Rose
5 C <
3 PS *
g - e} * Squawberry
& u 0 Willow
0.00001 |- '
5 AB o A Yarrow
| O Milkweed
I b Hanford 300
BKG 100-N Area Townsite Area ¢ Mulberry Frt.
0.000001 oo b b b b b b e by L
-5 0 5 10 15 20 25 30 35 40 45
River Mile $9303012.60
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5.7 External Radiation Surveillance

External radiation is definedd as radiation originating
from a source outside the body (Appendix B). External
radiation fields consist of a natural component and an
artificial or human-made component. The natural
component can be divided into: 1) cosmic radiation,
2) primordial radionuclides in the earth’s crust (primarily
4K, 22Th, and 2**U), and 3) an airborne component,
primarily radon. The human-made component may be
divided into medical x rays, nuclear power, nuclear
research, nuclear waste management, and consumer
products. Environmental radiation fields may be
influenced by the presence of artificially produced
radionuclides deposited as fallout from past atmospheric
testing of nuclear weapons or those produced and
released to the environment during the making or use of
nuclear fuel. The interaction of radiation with matter
results in energy being deposited in that material. The
concept of energy deposited in a mass of material is
called radiation absorbed dose. A special unit called the
rad was introduced for this concept in the early 1950s,
and more recently, an International System (SI) unit
called the gray (Gy) has been defined.

External radiation exposure rates were measured at
locations on and off the Hanford Site using TLDs.
External radiation and contamination surveys were also
performed at locations on and around the Hanford Site.
This section describes how external radiation was
measured, how the surveys were performed, and the
results of these measurements.

External Radiation
Measurements

Thermoluminescence, TL, or light output exhibited by
TLDs is proportional to the amount of radiation expo-
sure, X, which is measured in units of roentgen (R). The
exposure is multiplied by a factor of 0.98, to convert to a
~dose (D) in rad to soft tissue (USDHEW 1970). This

conversion factor relating R to rad is, however, assumed
to be unity throughout this report for consistency with
past reports. This dose is further modified by a quality

factor, Q = 1 for beta and gamma radiation, and the pro-
duct of all other modifying factors (N). N is assurmed to
be 1 to obtain dose equivalence (H), measured in rem.

D (rad)=X (R) * 1.0
H{@em)=D*N*Q

To convert to SI units of Gy and Sv, divide rad and rem
by 100, respectively.

An environmental TLD comprises three plastic cards that
each hold four LiF (TLD 700) chips and one CaF,:Dy
(TLD 200) chip. The TLD is positioned 1 m (3.3 ft)
above the ground at various locations both on and off the
Hanford Site. The TLDs are collected and read quar-
terly, except for those at the 100-N Area shoreline, which
are processed monthly. The 12 TLD 700 chips at each
location are used to determine the average environmental
dose at that location and that quantity is divided by the
length of time the TLD was in the field to determine the
average environmental dose rate. The three TLD 200
chips are included to permit dose determination in the
event of a radiological emergency.

The TLDs are positioned at numerous locations onsite
(Figure 5.42), around the Site perimeter, in nearby and
distant communities, at COES stations (Figure 5.4 3),
and along the Hanford Reach of the Columbia River
(Figure 5.44). All community and most of the onsite
and perimeter locations are collocated with air monitor-
ing stations. These locations were selected based on
historical determinations of the highest potentials for
public exposures (access areas, downwind population
centers) from past and current Hanford operations.

Dose rates were also measured at three COES stations
located at Edwin Markham Elementary School, Basin
City Elementary School, and Leslie Groves Park. Each
COES station is managed by local school teachers and
measures dose rates using both TLDs and portable
survey instruments.

Twenty-five locations have been established on the
Columbia River shoreline from upstream from the 100-B
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Area to just upstream from the 300 Area. The general
public has access to some of these locations. Histori-
cally, dose rates measured along the shoreline have been
higher than typical background rates. Sula (1980)
attributed these rates to **Co and **Eu in shoreline sedi-
ments as a result of liquid releases during past reactor
operations in the 100 Areas. Two locations, Coyote
Rapids and Richland Pumphouse, had TLDs submerged
in the Columbia River. These two locations were discon-
tinued after the second quarter of 1992, because sub-
merged TLD readings were less than terrestrial back-
ground readings and radionuclide concentrations in the
Columbia River have decreased to levels such that no
difference was seen between the upstream (Coyote
Rapids) and downstream (Richland Pumphouse) TLD
readings.

External Radiation Results

Perimeter and offsite locations, primarily downwind of
the Site and near population centers, were monitored with
TLDs. TLD exposures have been converted to dose equiv-
alent rates by the process described above. Table 5.22
shows average dose rates for perimeter and offsite loca-
tions. Quarterly exposure rates were averaged by map
location, ranked within the location classification, and
then converted to dose equivalents per year.

Perimeter dose rates for 1992 were similar to those
observed in 1991, but on average all offsite dose rates

External Radiation Surveillance

increased slightly. Variations in natural background
radiation can occur as a result of changes in annual
cosmic radiation (up to 10%) and terrestrial radiation
(15 to 25%, NCRP 1987). Other factors possibly
affecting annual dose rates reported here may include
variations in the sensitivity of individual TLDs zero dose
readings, fading, random errors in the readout equipment
or procedures (Rathbun 1989), and changes in TLLD
station locations.

The background external radiation dose rate was 93 mrem/
yr £ 6% as compared to the perimeter average of

102 mrem/yr + 6%. This slight difference in average
dose rates may be due to natural geographic variations

in terrestrial radiation [many of the perimeter locations
are rich in “°K and thorium isotopes (Rathbun 1989)]

and variations resulting from human activity. The 1992
average “K concentration in soil at perimeter locations
(19 pCi/g) is higher than the average “°K concentration in
soil at distant locations (13 pCi/g). Although this dif-
ference in “’K concentrations does not account for a
9-mrem/yr difference in exposure rates, other radionu-
clides were found in higher soil concentrations at the Site
perimeter than at distant community locations (see Sec-
tion 5.6). Human activities affecting the average dose
rates may include landscape changes such as buildings
and other construction, which may shield a portion of the
terrestrial component. Figure 5.45 graphically displays a
comparison between, and trends of, perimeter and distant
TLD locations during 1987 through 1992. Year-to-year
variability is obvious for reasons stated above, and 10%
variability is not unlikely (NCRP 1987).

Table 5.22. Dose Rates Measured by Thermoluminescent Dosimeters (TLDs) at Perimeter and Community
Locations, 1992 Compared to Values from the Previous 5 Years

Dose Rate, mrem/yr

1992 1987-1991
Map No. of No. of
Location - Location® Samples Maximum Mean Samples Maximum Mean
Perimeter 1-6 6 111 +5% 102 + 6% 153 168 +18% 89 3%
Nearby community 7 -10 4 96 +10% 93 +4% 170 112 £15% 79 +3%
Distant community 11 -12 2 96 +7% 93 +6% 93 107 £20% 77 +£4%
COES stations 13-15 3 103 +69% 93 +12% 10 89 +9% 79 +7%

(a) See Figure 5.43.
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Figure 5.45. Annual Average Dose Rates, 1987
Through 1992

Figure 5.44 shows locations of TLDs positioned along
the Columbia River shoreline, and Table 5.23 shows the
average measured dose rates for shoreline locations.
Dose rates were highest near the 100-N Area shoreline,
two to three times higher than typical shoreline dose
rates. The higher rates measured in the 100-N Area are
attributed to past waste management practices in that
area. The public does not have open access to the 100-N
Area shoreline, but does have access to the adjacent
water body. The dose implications at this location are
discussed in Section 6.0.

Figure 5.42 displays the 28 onsite locations where TLDs
were placed in 1992. Table 5.24 summarizes the results
of 1992 measurements, which are divided by operational
area. All areas had higher average dose rates than

background. The highest average dose rate was seen in
the 600 Area and is due to the waste-handling activities
at U.S. Ecology, a non-DOE facility.

Radiation Survey Resulits

Onsite roads and railways, the Columbia River shoreline,
and perimeter locations were routinely surveyed using
portable radiation detectors in 1992. The frequency of
surveys on specific roads and railroads was determined
by their use and the potential for contamination. These
routes and frequencies were reported by Bisping (1992).

Railroads and roads were surveyed using mobile scintil-
lation detectors. The detector consisted of four sodium
iodide detectors mounted on the rear bumper of a four-
wheel-drive truck. The detectors were mounted 0.46 m
(1.5 ft) above the ground. Output from the detectors and
the associated electronics was recorded on strip charts
for review and documentation after surveys were
complete. In 1992, road and railroad surveys revealed no
areas of detectable contamination. Routes are shown in
Figure 5.46.

Hand-held survey instruments were used to perform
radiation surveys at many of the Columbia River shore-
line TLD locations. These surveys provide a coarse
screening for elevated radiation fields. The shoreline
surveys showed that radiation levels at some locations
were comparable to levels measured at those locations in
previous years. The highest levels were recorded on the
100-N Area shoreline and ranged from 10 to 100 mrem/
hr using a Bicron Micro Rem meter. Results for radia-
tion surveys are not tabulated by Bisping and Woodruff
(1993), but are in the Surface Environmental Surveil-
lance Project files at PNL.

166



External Radiation Surveillance

Table 5.23. Dose Rates Measured Along the Hanford Reach of the Columbia River, 1992 Compared to
Values from the Previous 5 Years

Dose Rate,® mrem/yr

1992 1987-1991
Map No. of
Location® Location Maximum Mean Samples Maximum Mean
Typical shoreline area 1-21 141 = 8% 108 = 5% 20 132 £59% 100 £ 7%
100-N shoreline®® 22-25 324 £8% 239 £20% 4 333 £8% 250 £ 30%
All shoreline 324 £ 8% 130 £16% 24 333 £ 8% 165 £ 9%

Immersed in Columbia River® 69 +2% 61 £29% 2 53 £60% 51 + 16%

(a) Quarterly integrated readings in mR/d were converted to annual dose equivalent rates (mrem/yr).

(b) All locations are shown in Figure 5.44.

(¢) Locations are identified in Figure 5.44.

(d) Means 2 SEM computed using station averages.

(e) Monthly integrated exposure readings in mR/d converted to annual dose equivalent rates in mrem/yr.

(f) Immersion points at Richland Pumphouse and Coyote Rapids. Measurement discontinued after second quarter

1992.

Table 5.24. Dose Rates for Thermoluminescent Dosimeter (TLDs) Locations on the
Hanford Site, 1992 Compared to Values from the Previous 5 Years

Dose Rate,” mrem/yr

1992 1987-1991
Map No. of
Location Location® Maximum Mean® Samples Maximum Mean
100 Areas 1-3 104 £ 11% 95 +10% 39 96 £ 9% 90 = 6%
200 Areas 4-11 109 £ 3% 101 £4% 84 96+ 10% 88 3%
300 Area 12-17 108 £ 6% 98 £ 6% 53 94 + 9% 89 4%
400 Area 18-21 107 £5% 97 £ 7% 43 90+11% 85£5%
600 Area 22-28 183 +9% 113 £22% 130 135+ 9% 102 £ 5%

(a) Quarterly integrated readings in mrem were converted to annual dose equivalent rates.
(b) Locations are identified in Figure 5.42.
(¢) Means +2 SEM computed using station averages.
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5.8 Ground-Water Protection and
Monitoring Program

The strategy for protecting ground water at the Hanford
Site is presented in the Hanford Site Ground-Water
Protection Management Program (DOE 1989¢). Two
of the key elements of this strategy are to 1) protect the
unconfined aquifer from further contamination, and

2) conduct a monitoring program to provide an early
warning when contamination of ground water does
occur. The monitoring program at Hanford has also
been designed to allow an assessment of the distribution
and movement of existing ground-water contamination.
The geology and hydrology of the Hanford Site controls,
to a large extent, the movement of contaminants.

Geology

The Hanford Site lies within the Pasco Basin, one of
many topographic and structural basins within the
Columbia Plateau. Principal geologic units beneath the
Hanford Site include, in ascending order, the Columbia
River Basalt Group, the Ringold Formation, and a series
of deposits informally referred to as the Hanford forma-
tion. These units are covered locally by a few meters or
less of recent alluvial or windblown deposits. Older
geologic units have been deformed into a series of
roughly east-west trending folds. The stratigraphic and
structural relationships between these units are displayed
in Figure 5.47.

The Columbia River Basalt Group is composed of nu-
merous basaltic lava flows. River and lake sediments of
the Ringold Formation contain a wide range of sediment
types, with beds ranging from weakly cemented coarse
sandy gravel to compacted silt and clay. Within the
Pasco Basin, the Hanford formation consists of mostly
coarse gravel and sand that overlie the eroded surface of
the Ringold Formation, but in places the Hanford
formation directly overlies basalt. Near the 200-West
Area, the Ringold and Hanford formations are separated
by a well-developed buried soil (Plio-Pleistocene unit)
and fine-grained wind deposits (early “Palouse” soil)

(Last et al. 1989). More detailed descriptions of Hanford
Site geology are provided in Myers and Price (1979),
DOE (1988¢), and Lindsey et al. (1992).

Ground-Water Hydrology

Both confined and unconfined aquifers are present
beneath the Hanford Site. The confined aquifers, where
ground water is under pressure greater than that of the
atmosphere, are found primarily within the Columbia
River basalts. In general, the unconfined or water-table
aquifer is located in the Ringold Formation and glacio-
fluvial sediments, as well as some more recent alluvial
sediments in areas adjacent to the Columbia River. This
relatively shallow aquifer has been affected by waste-
water disposal at Hanford (Thorne and Chamness 1992),
and therefore, is the most thoroughly monitored aquifer
beneath the Site.

The unconfined aquifer is bounded below by either the
basalt surface or, in places, the relatively impervious
clays and silts of the Ringold Formation. The water table
defines the upper boundary of the unconfined aquifer.
Laterally, the unconfined aquifer is bounded by the
basalt ridges that surround the basin and by the Y akima
and Columbia rivers. The basalt ridges have alow
permeability and act as a barrier to lateral flow of ground
water (Gephart et al. 1979) where they rise above the
water table. The saturated thickness of the unconfined
aquifer is greater than 61 m (200 ft) in some areas of the
Hanford Site and pinches out along the flanks of the
basalt ridges. Depth from the ground surface to the
water table ranges from less than 0.3 m (1 ft) at the
Columbia River to more than 106 m (348 ft) in the center
of the Site. Elevation of the water table in meters above
mean sea level for the Hanford Site and adjacent portions
of Franklin County is shown in Figure 5.48.

Recharge to the unconfined aquifer originates from
several sources (Graham et al. 1981). Natural recharge
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Figure 5.47. Geologic Cross Section of the Hanford Site (modified from Tallman et al. 1979)
occurs from precipitation at higher elevations and runoff operating areas. Recharge from irrigation in the Cold
from intermittent streams, such as Cold Creek and Dry Creek Valley enters the Hanford Site as ground-water
Creek on the western margin of the Site. The unconfined flow across the western boundary. Recharge to ground
aquifer is recharged by the Yakima River as it flows water across the Columbia River from the Hanford Site
along the southwest boundary of the Hanford Site. The is primarily from irrigation and irrigation canal leakage.
g y p y g g g
Columbia River recharges the unconfined aquifer durin As indicated in Figure 5.48, the water-table elevation in
g g
high stages when river water is transferred to the aquifer this area is from 100 to 150 m (328 to 492 ft) higher than

along the river bank. The unconfined aquifer receives the water-table elevation on the Hanford Site.
little, if any, recharge from precipitation directly on
vegetated areas of the Hanford Site because of a high rate The operational discharge of water has created ground-

of evapotranspiration from native soil and vegetation. water mounds near each of the major wastewater
However, studies described by Gee et al. (1992) suggest disposal facilities in the 200 Areas. These mounds have
that precipitation may contribute recharge to the ground altered the aquifer’s local flow pattern, which is gener-
water in areas where soils are course textured and bare of ally from the recharge areas in the west to the discharge
vegetation. areas (primarily the Columbia River) in the east. Water
levels in the unconfined aquifer have changed continu-
Large-scale artificial recharge occurs from offsite ally during Site operations because of variations in the
agricultural irrigation and liquid-waste disposal in the volume of waste water discharged. Consequently, the
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Figure 5.48. Water-Table Elevations for the Unconfined Aquifer at Hanford, June 1992

movement of ground water and its associated constitu-
ents has also changed with time.

Ground-water mounding also occurs in the 100 and 300
Areas. Ground-water mounding in these areas is not as
significant as in the 200 Areas because of differences in
discharge volumes and subsurface geology. In the 100

and 300 Areas, water levels are also greatly influenced

by river stage.

As significant quantities of liquid effluents are discharg-
ed to the ground at Hanford facilities, these effluents
percolate downward through the unsaturated zone to the
water table. Adsorption onto soil particles, chemical
precipitation, and ion exchange attenuate or delay the
movement of some radionuclides, such as *°Sr, *7Cs, and
239.240py . These constituents move through the soil
column at varying rates and eventually enter the ground
water. Other ions, such as nitrate, and radionuclides,
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such as *H, ®Tc, and '*°I, are not as readily retained by
the soil and move downgradient in the same direction as,
and at a rate nearly equal to, the flow of ground water.
When the liquid effluents reach the ground water, their
concentrations are reduced by dilution. As these consti-
tuents move with the ground water, radionuclide and
chemical concentrations are further reduced by spreading
(dispersion), and radionuclide concentrations are reduced
by radioactive decay.

Ground-Water Protection

The effort to protect ground-water quality is being
implemented through programs to minimize wastes
being discharged to the soil column and through site
remediation activities being carried out in accordance
with an agreement between the Washington State
Department of Ecology (Ecology), DOE, and EPA. This
agreement, called the Tri-Party Agreement, provides a
framework for remediation of the Hanford Site over a
30-year period. A summary of accomplishments in
waste minimization and site remediation is presented in
Section 2.0, “Environmental Compliance and Cleanup.”

In 1987 Congress directed DOE to prepare a Plan and
Schedule to Discontinue Disposal of Liquids Into the Soil
Column at the Hanford Site (DOE 1987¢). That docu-
ment presents an implementation plan for providing
alternative treatment and disposal of contaminated
effluent discharged to the soil on the Hanford Site. The
33 major waste streams that have been identified will be
addressed in two phases. Phase I projects are considered
higher priority, and cessation or alternative treatment and
disposal systems will be implemented by 1995 for those
streams. Phase II streams will be dealt with after com-
pletion of Phase I projects.

Ground-Water Monitoring

Ground-water monitoring at the Hanford Site is an
integral part of the Hanford Site Ground-Water Protec-
tion Management Program (DOE 1989c). The program
includes monitoring at active waste disposal facilities to
comply with the RCRA (e.g., DOE 1992a), operational
monitoring in and adjacent to reactor and chemical
processing facilities, and environmental surveillance.
Monitoring is also carried out during cleanup investiga-
tions under the Superfund (CERCLA) programs (e.g.,
DOE 1992f). The RCRA and operational monitoring are

managed by the Site operating contractor. CERCLA
characterizations are managed by the operating contrac-
tor and the U.S. Army Corps of Engineers. Additional
details on RCRA compliant monitoring are presented in
Section 2.0, “Environmental Compliance and Cleanup.”
The Environmental Surveillance Program assesses the
impact of Hanford operations on ground water, both
onsite and offsite, independently of the operating
contractors’ programs.

Sample Collection and Analysis

Ground-water samples were collected as part of the
Hanford Ground-Water Environmental Surveillance
Program and other monitoring programs. The Ground-
Water Environmental Surveillance Program utilizes the
data from other programs to provide as complete an
interpretation as possible. Wells monitored by the
various programs in 1992 are shown in Figures 5.49
through 5.52. Ground-water monitoring was conducted
at the facilities shown in Figure 5.53 to comply with
RCRA.

Ground-water samples were collected from approxi-
mately 720 wells for the monitoring programs during
1992. The monitoring frequency for the wells was
selected based on regulatory requirements, proximity to
waste sources, and the characteristics of the ground-
water flow system at the sampled location. One hundred
and ninety-nine of the wells were sampled once, 163
were sampled twice, 202 were sampled approximately
quarterly, and 156 wells were sampled more frequently
during the year.

Although the programs are managed by different organi-
zations, a common database is used to store ground-
water data so that each monitoring program has access

to data collected by other programs. Samples for the
environmental surveillance, RCRA, and operational
programs are collected by sampling teams following a
single set of procedures. Ground-water samples were
analyzed by a combination of subcontractor and in-house
laboratories.

Most ground-water monitoring wells on the Site are 10 to
20 cm in diameter and are constructed of steel or stain-
less-steel casing. Monitoring wells for the unconfined
aquifer are constructed with well screens or perforated
casing generally in the upper 3 to 6 m of the aquifer.

This construction allows sample collection near the top
of the aquifer, where maximum concentrations for
radionuclides tend to be found. Wells monitoring the
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Figure 5.49. Hanford Site Unconfined Aquifer Monitoring Well Locations, 1992. Numbered well locations
are discussed in the text.
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Figure 5.51. Monitoring Well Locations in the 200-East Area, 1992. Numbered well locations are discussed
in the text.
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Figure removed as per DOE guidance.

Figure 5.52. Monitoring Well Locations in the 200-West Area, 1992. Numbered well locations are
discussed in the text.
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Figure 5.53. Locations of RCRA Ground-Water Monitoring Projects and Landmarks on the Hanford

Site

confined aquifer have screens, perforated casing, or an Environmental Monitoring Plan (DOE 1991b) and

open hole within the monitored aquifer. Wells drilled CERCLA work plans. The species analyzed for are

before 1985 were generally constructed with carbon steel listed in Table 5.25.

casing. Wells recently constructed for RCRA monitor-

ing projects and CERCLA characterizations have been Each analysis of a ground-water sample provides infor-
_constructed with stainless-steel casing. mation on the composition of ground water atone time at
= one location in the aquifer. Uncertainty in the analysis

Samples were collected for all programs following results from a number of sources. Some of the sources

documented sampling procedures (PNL 1993; WHC of uncertainty are discussed below. Several techniques

1991b) based on EPA guidelines (EPA 1986¢). Analyti- are used in this discussion to interpret the sample results

cal techniques used are described in the Hanford Site given these uncertainties and are also discussed.
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Table 5.25. Radionuclides and Chemicals Analyzed for in Ground Water

Radiological
Parameters Chemical Parameters

*H pH (field and laboratory)
0Co Conductance (field)
%Sy Alkalinity
PTc Total carbon
1%5Ru Total organiccarbon
1%Ru Total organic halogens
13Sb- B, Be, Na, Mg, Al, K, Co, Si
1291 Ca, V, Cr, Mn, Fe, Ni
B3Iy Cu, Zn, Sr, Ag, Cd, Sb, Ba
31Cs F, CI', NO;, PO7, SO2, NO;, Br
2 Am CN
Total Alpha NH;
Total Beta Volatile organic constituents

Plutonium Isotopes

Uranium Isotopes PCBs

Uranium (total)

Semivolatile organic constituents

Pesticides/herbicides

Biological oxygen demand/chemical oxygen demand
Dissolved oxygen

Sampling techniques are designed to provide a sample
that is reasonably representative of the aquifer concentra-
tion when the sample is taken. However, there are limi-
tations in our ability to collect representative samples or
even to define precisely what volume of aquifer is repre-
sented in the sample. Proper well construction, well
purging, sample preservation, and, in some instances,
filtering are used to help ensure consistent and represen-
tative samples. Careful sample labeling protocols, chain-
of-custody documentation, and bottle preparation avoid
many gross errors in sample results. Duplicate samples
and field blanks help assess the sampling procedure.

Uncertainties are inherent in laboratory analysis of sam-
ples. Gross errors can be introduced in the laboratory or
at other stages in the sampling. Gross errors include
transcription errors, calculation errors, mislabeling
results, or other errors that result from not following
established procedures. Often, these gross errors can be
recognized because unreasonably high or unreasonably

low values result. Data review procedures are used to
investigate and correct gross errors. Even if the source
of a possible gross error cannot be identified, a flag is
entered into the database indicating the review has
occurred and the datum may be suspect.

Random errors are unavoidably introduced in the ana-
lytical procedures. Usually there are insufficient repli-
cate analyses to assess the overall random error. Instru-
ments for analysis of radioactive constituents count the
number of radioactive decay products at a detector, and
background counts are subtracted out. The nature of
radioactive decay and the instrument design result in a
random counting error, which is reported with the ana-
lytical result. Generally, sample results less than the
counting error indicate the constituent was not detected.
The background subtraction may result in the reporting
of results that are less than zero. Although this is physi-
cally impossible, the negative values may be of use for
some statistical analyses.
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Systematic errors may result from instrument calibration,
standard or sample preparation, chemical interferences in
analytical techniques, as well as sampling methodology
and sample handling. Sample and laboratory protocols

. have been designed to minimize systematic errors. The
* laboratories used by the ground-water surveillance and
! other programs participate in interlaboratory compari-

sons in which many laboratories analyze blind samples
prepared by the EPA. The laboratories used have
compared favorably with other laboratories, indicating
the level of systematic error from many sources is
acceptable.

The chemical composition of ground water may fluctuate
from differences in the contaminant source, recharge, or
the flow-field. The range of this concentration fluctua-
tion can be estimated by taking many samples, but there
is a limit to the number that can be practically taken.
Comparison of results through time help interpret this
natural variability.

When more than one sample was collected from a well
during 1992, the variability of the data can be indicated
by the average (mean) value and the standard error of the
calculated mean. Ground-water concentrations typically
change very slowly with time, so the fact that the sam-
ples are not always collected at the same time is not a
major problem.

Overall sample uncertainty may be factored into data
evaluation by considering the concentration trend in a
given well over time. This often helps identify gross
errors, and overall long-term trends can be distinguished
from short-term variability. The interpretation of con-
centration trends depends on an understanding of chem-
ical properties as well as site hydrogeology. The trend
analysis in turn aids in refining the conceptual model of
the chemical transport.

Plume maps presented in this section are diagrammatic
representations of the interpretation of Site ground-water
chemistry. Although analytical data are only available at
specific points where wells were sampled, contours are
drawn to join the approximate locations of equal chemi-
cal concentration or radionuclide activity. The contour
maps are somewhat simplified representations of plume
geometry because of map scale, the lack of detailed
information, and the fact that plume depth and thickness
cannot be fully represented on a two-dimensional map.
Plume maps are a powerful tool because knowledge of
concentrations in surrounding wells, knowledge of
ground-water flow, site geology, and other available

Ground-Water Protection and Monitoring Program

information may be factored into the preparation. This
minimizes the impact of uncertainty or error in any
particular sample.

Radiological Analysis

Most ground-water samples collected onsite in 1992
were analyzed for *H. Selected samples were subjected
to more extensive radiological analysis by alpha-, beta-,
and gamma-counting techniques, in many cases accom-
panied by selective radiochemical separations. These
techniques allow the analysis of individual radionuclides.
Uranium analyses were performed by a laser fluores-
cence method or by alpha counting. Results from the
former method are reported in pg/L; results for the latter
are reported in pCi/L. A list of radionuclides analyzed is
presented in Table 5.25. The radiological monitoring
network for most areas on the Hanford Site is shown in
Figures 5.49 and 5.50. Figures 5.51 and 5.52 show
monitoring wells in the 200-East and 200-West Areas,
respectively. Figure 5.53 shows RCRA ground-water
monitoring projects throughout the Hanford Site.

Chemical Analysis

Nitrate analyses were typically performed on samples
collected during 1992 because of the extensive areas
with elevated nitrate concentrations originating from on-
and offsite sources. Selected monitoring wells were used
for additional chemical surveillance. Chemical sampling
wells were chosen by considering the results of previous
chemical analyses and the proximity to known active and
inactive chemical disposal sites. Table 5.26 lists major
contaminants found in each area. The list of chemicals
analyzed is presented in Table 5.25, including most
parameters investigated onsite. Several of these param-
eters are seldom analyzed currently because sufficient
characterization has been obtained by past analy ses.

Results

Ground-water monitoring information obtained for the
RCRA monitoring program is reported by DOE (DOE
1993b) and for drinking water supplies on the Hanford
Site by Hanford Environmental Health Foundation (e.g.,
Thurman 1992). Onsite drinking water supply wells at
the FFTF are discussed in Section 6.0, “Potential
Radiation Doses from 1992 Hanford Operations.”” Infor-
mation gathered in support of the CERCLA program are
reported in Remedial Investigation reports (e.g., DOE
1992f). Sitewide ground-water monitoring results for
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Table 5.26.
to Site Operations
Facilities Type Area
Reactor Operations 100
Irradiated Fuel Processing 200
Plutonium Purification 200
Fuel Fabrication 300

Major Chemical and Radiological Ground-Water Contaminants and Their Link

Constituents

tritium, “Co, *Sr, Cr*%, SO,
tritium, '¥’Cs, *Sr, "I, *Tc, NO;, Cr*®, CN, F U, Pu
Pu, *'Am, NO,, CCI,, CHCI,

U, ¥Tc, Cr*®, Trichloroethylene, Cu

the year are in the Ground-Water Environmental Surveil-
lance Programs annual report (e.g., Evans et al. 1992)
and listed in a complementary volume to this report.
Highlights of those results are discussed below.

One way to assess the impact of radionuclides and chem-
icals in ground-water is to compare the concentrations to
EPA’s DWS and DOE’s DCGs (Tables C.2, C.3, and
C.6, Appendix C). Specific drinking water standards
have only been proposed for a few radiological constitu-
ents at the time this report was prepared. Drinking water
standards have been calculated for other radionuclides by
considering the half-life of the isotope, the energy and
nature of the radioactive decay for that isotope, and
physiological factors such as the buildup of the isotope
in particular organs. Drinking water standards are more
restrictive than the DCG because the DWS are based on
an annual dose to the affected organ of 4 mrem/yr and
the DCG are based on an effective dose equivalent of
100 mrem/yr (see Appendix C “Applicable Standards
and Permits and Environmental Compliance Documenta-
tion”). The DCGs are available only for radionuclides.
Derived Concentration Guides are presented in DOE
Order 5400.5.

Radiological Monitoring Results for the
Unconfined Aquifer

Radionuclides analyzed for in ground water are listed in
Table 5.25. Ruthenium-103, '%Ru, and "*'I have rela-
tively short half-lives and historically have been detected
near operating reactors or liquid waste disposal facilities
near active fuel reprocessing facilities. These radionu-
clides have not been observed in concentrations above
the DWS, and in general, have not been detected since

soon after the shutdown of N Reactor and the PUREX
Plant. The detection limit for '®Ru by gamma-scan is
higher than the DWS but the half-life of only 1 year
indicates that it decays rapidly to concentrations less than
the DWS. Gross (total) alpha and beta are used as indi-
cators of radionuclide distribution and are not discussed
in detail because the radionuclides contributing to these
measurements are discussed. The distribution of °H,
“Co, *Sr, *Tc, '3Sb, '#I, *’Cs, uranium, and plutonium,
will be discussed in the following sections. The type of
operation resulting in the release of these radionuclides
to the ground water are listed in Table 5.26. The table
also lists the locations where these operations were
performed.

Tritium. Tritium is present in many waste streams dis-
charged to the soil column and is the most mobile radio-
nuclide onsite. As a result, *H reflects the extent of con-
tamination in the ground water from Site operations and
is the radionuclide most frequently monitored at the
Hanford Site. Figure 5.54 shows the 1992 distribution of
3H in the unconfined aquifer resulting from over 47 years
of Site operations. Contours of *H concentrations were
based on the analysis of ground-water samples collected
from monitoring wells.

Extensive *H plumes are associated with past activities at
the 100-N, 200-East, and 200-West Areas. The *H plume
from the 200-East Area affects ground water in the

400 Area. Tritium concentrations greater than the

20,000 pCi/L DWS were also detected in the 100-D

and 100-K Areas.

Tritium concentrations greater than the DWS were only
detected in one well (199-D2-5) in the 100-D Area.
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Tritium levels of 39,700 pCi/L were detected. This was
slightly higher than concentrations detected in previous
years.

The 100-K Area well, 199-K-30, continued to contain
the highest *H concentration within the 100 Areas with a
maximum concentration of 1,690,000 pCi/L. This con-
centration was considerably higher than that detected in
1989 and 1990, when the maximum concentration was
882,000 pCi/L. Concentrations in this well fluctuate; the
previous high was in late 1987. Thus, the long-term
trends are difficult to predict. Concentrations in well
199-K-27 also generally stayed above the DWS but
remained well below the high of 179,000 pCi/L observed
in 1989.

Concentrations greater than the 2,000,000-pCi/L DCG
were detected in four wells in the 200-East Area. The
highest *H concentrations in the 200-East Area continued
to be in wells near cribs that have received effluent from
the PUREX Plant. Tritium concentrations greater than
the DCG were present in wells near the 216-A-10 and
216-A-36B cribs. Two wells monitoring downgradient
of the 216-A-10 crib were above the DCG in 1992. The
3H concentrations in well 299-E17-1 continued a gen-
erally decreasing trend but remained above the DCG in
1992. Concentrations in well 299-E17-20 also continued
a generally decreasing trend in *H concentrations and
dropped slightly below the DCG in December 1992.

Well 299-E17-9, monitoring the 216-A-36B Crib,
continued to have the highest detected *H concentrations
in the 200-East Area. Tritium levels detected in this well
in 1992 ranged from 3,660,000 to 4,080,000 pCi/L. Well
299-E17-14, which also monitors the 216-A-36B Crib,
was slightly above the DCG in May 1992 but dropped to
1,890,000 pCi/L in December 1992.

The ground-water *H concentrations measured in well
299-E25-19, near the 216-A37-1 Crib, dropped below
the DCG in late 1991 and in 1992. Tritium concentra-
tions exceeding the DWS continued to occur in many
wells affected by cribs near the PUREX Plant.

The movement of the widespread *H plume (see Fig-

ure 5.54) extending from the southeastern portion of the
200-East Area to the Columbia River was consistent with
patterns noted earlier (Evans et al. 1992; Woodruff et al.
1992). Separate *H pulses associated with the two epi-
sodes of PUREX operations can be distinguished in the
plume. The 200,000- to 2,000,000-pCi/L lobe east of the
200-East Area near the Columbia River is a result of

discharges to ground water during the operation of the
PUREX Plant from 1956 to 1972. Following an 11-year
shutdown, plant operation began again in 1983 and
ceased in December 1988. Elevated *H concentrations
measured in several wells (e.g., wells 699-32-43 and
699-24-33) downgradient from the 200-East Area repre-
sent the formation of a second pulse of *H moving away
from PUREX waste disposal facilities. Large-scale
movement of the leading edge of this plume is best
observed in well 699-24-33, Figure 5.55, which shows
arrival of the plume in early 1987 following the passage
of the plume from the earlier campaign. The first plume
had reached much higher levels in the mid-1960s. By
contrast, a trend plot of the *H concentrations in well
699-40-1 located near the shore of the Columbia River
(Figure 5.56) shows the arrival in the early 1970s of the
plume from the first campaign and no indication that the
second plume has yet arrived.

The eastern portion of the *H plume continues to move to
the east-southeast and discharge into the Columbia

River. Figure 5.57 shows the trend of *H concentrations
in well 699-S19-E13, located just north of the 300 Area.
In recent years, this well has shown a steady increase in
*H, having reached a new maximum value of

11,600 pCi/L in November 1992. The plume is not
expected to move farther south than the 300 Area
because of the influence of the Yakima River and
recharge at the North Richland Wellfield on ground-
water flow in this area. The Yakima River is at a higher
elevation than the ground water in this area, which is in
turn at a higher elevation than the Columbia River
(Newcomer et al. 1991). As a result, ground water flows
from west to east, limiting the extent of southward
movement of the contaminant plume. Recharge ponds at
the North Richland Wellfield supply infiltration of
Columbia River water to the ground water. The amount
of recharge water exceeds the amount pumped at the
wellfield, resulting in ground-water flow away from the
wellfield. This further ensures that the Site ground water
will not reach the wellfield.

The configuration of the western portion of the *H plume
closely matches previous predictions of the direction of
contaminant movement from the 200-East Area
(Freshley and Graham 1988). Movement is forced to
the south by the spreading ground-water mound beneath
B Pond. This mound is spreading as a result of increased
discharge of steam condensate and process cooling water
to B Pond since 1984 when Gable Mountain Pond was
deactivated. Flow to the southeast also appears to be
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Figure 5.56. Tritium (°H) Concentrations in Well 699-40-1, 1962 Through 1992
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Figure 5.57. Tritium (°*H) Concentrations in Well 699-S19-E13, 1975 Through 1992

promoted by a zone of high permeability sediments
stretching from the 200-East Area toward the 400 Area
(Jacobson and Freshley 1990).

The movement of *H plumes in the 200-West Area was
also consistent with previous observations. The plume
extending from near the Reduction Oxidation (REDOX)
Plant in the southern part of the 200-West Area contin-
ued to move slowly to the east and north. Only one well
in the 200-West Area (299-W22-9) continued to show *H
levels in excess of the DCG during 1992; however, that
well contained up to 4,450,000 pCi/L, the highest *H
levels of any ground-water monitoring wells on the Site.
The *H concentrations detected in well 299-W22-9 have
decreased steadily since 1977 (Figure 5.58).

Movement of the REDOX Plant *H plume is expected to
be slow because of the low permeability of the sediments
in this area and the declining flow from the ground-water
mound beneath the nearby U Pond since the pond’s deac-
tivation. Tritium concentrations in individual wells are
affected by the original source concentration, radioactive
decay during the travel time to the well, and dispersion
or dilution of the plume.

Cobalt-60. All “Co concentrations were consistently
near or below the detection limit (20 pCi/L) for wells
monitored in 1992 except for two wells. The first well,
299-E17-16, is in the area south of the PUREX Plant in
the 200-East Area. Results for ®°Co analyses from this
well in 1992 ranged from 38 to 92.8 pCi/L, which remain
below the DWS of 100 pCi/L.. Transport of ®Co in this
area is very slow, as indicated by the limited extent of
%Co detected in this highly monitored area. The second
well with detectable ®Co is well 699-50-53, which is
located in a region north of the 200 Areas affected by
waste disposal in the BY Cribs (Figure 5.59). The
concentrations of “Co in this well in 1992 were up to
332 pCi/L, which is lower than the 1991 maximum of
449 pCi/L. Cobalt-60 in this area appears to be highly
mobile, probably because of the presence of a soluble
cobalt-cyanide (or ferrocyanide) complex associated with
the plume originating in the BY Cribs.

Strontium-90. Concentrations of *Sr were above the

8 pC/L DWS in wells in the 100-B, 100-D, 100-F,
100-H, 100-N, 200-East, and 600 Areas. Concentrations
of *°Sr were greater than the 1,000-pCi/L DCG in the
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Figure 5.58. Tritium (*H) Concentrations in Well 299-W22-9, 1976 Through 1992
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100-N and 200-East Areas. Areas with *°Sr above the
DWS are shown in Figures 5.59 and 5.60.

Strontium-90 was detected in concentrations up to 6,550
pCi/L in the 100-N Area in 1992 (well 199-N-46). This
well is located between the 1301-N LWDF and the
Columbia River. Strontium-90 discharges to the
Columbia River in the 100-N Area through springs
along the shoreline, which are sampled as part of the
surface water surveillance and near-facility environmen-
tal monitoring programs. The *°Sr plume’s spread
northward in the 1980s is illustrated by the trend data
from well 199-N-14 (Figure 5.61). The **Sr concentra-
tions in this well have remained approximately level
since 1989. Wells farther northeast do not show detect-
able *Sr. The steady levels indicate the plume is not
spreading at any discernible rate at this time.

Concentrations of *Sr in the 200-East Area ranged up to
7,660 pCi/L in well 299-E28-23 near the 216-B-5
Reverse Injection Well. It was not possible in 1992 to
sample several of the wells in this vicinity that have been
historically high in **Sr because of restrictions on access
to radiation protection zones.

Concentrations of ®Sr above the DWS but less than the
DCG have historically been detected in several wells in
the Gable Mountain Pond area. Strontium-90 contami-
nation in that area resulted from the accidental discharge
of radioactive waste to Gable Mountain Pond during its
early use. Strontium-90 has since migrated through the
sedimentary column to the ground water, which is rela-
tively close to the surface at that location. Initial break-
through occurred in 1980 in some areas. The depth to
bedrock is also small in the Gable Mountain Pond area,
and *°Sr has been detected in wells completed in the top-
of-basalt interval. Monitoring well 699-54-49 was the
only well in this area sampled in 1992 with *Sr concen-
trations greater than the DWS. The concentrations in the
October 1992 sample from well 699-54-49 were

43.9 pCi/L.

Technetium-99. Concentrations of *Tc greater than the
900-pCi/L DWS were detected in wells in the 200-East
and 200-West Areas. Concentrations greater than the
DWS also extended to portions of the 600 Area east of
the 200-West Area and north of the 200-East Area.
These locations are identified on Figure 5.59. Techne-
tium-99 greater than the DWS has not been detected in

0 1 2 3 kilometers

99Tc and Uranium (900 pCi/L; 20 pg/L)
Chromium (100 ug/L)

— 903y (8 pCi/L)

mwen {Jranium (20 pg/L)
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Figure 5.60. Distribution of Selected Contaminants Greater Than the Drinking Water Standard near the
100 Areas, 1992. Drinking water standard for each constituent is shown is parentheses.
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Figure 5.61. Strontium-90 (**Sr) Concentrations in Well 199-N-14, 1973 Through 1992

the 100-H Area since 1990. Technetium is transported in
ground water as a negatively charged (anionic) species
that is highly mobile.

Antimony-125. Antimony-125 has been measured in
the past in a few wells in the 100-N and 100-K Areas.
Concentrations measured in samples from these two
areas have been as high as 305 pCi/L near the 1325-N
LWDF in 1987. The DWS for '#Sb for is 300 pCi/L,
and the DCG is 60,000 pCi/L.. Antimony-125 was not
detected at levels above the DWS in 1992. Antimony-
125 has a relatively short half-life (2.7 yr) and its lack of
detection in recent years is attributable to radioactive
decay.

Todine-129. The presence of '*T in ground water is sig-
nificant, because of its relatively low DWS (1 pCi/L), its
potential for accumulation in the environment as a result
of long-term releases from nuclear fuel reprocessing
facilities (Soldat 1976), and its relatively long half-life
(16 million years). At Hanford, the main contributor of
19 to ground water has been liquid discharges to cribs in
the 200 Areas. Assay of that isotope by high-sensitivity,
direct-counting methods requires long counting times
with correspondingly low analytical throughput. The

highest concentrations observed onsite are downgradient
from the PUREX and REDOX plants, in the 200-East
and 200-West Areas, respectively. No "I samples were

“above the DCG of 500 pCi/L.

The highest ' concentrations in the 200-East Area are
in the northwest near the 216-BY Cribs and in the south-
east near the PUREX Plant. The maximum concentra-
tion of 'I detected in 1992 in the 200-East Area was

16 pCi/L in well 299-E17-20. This well is located south
of the PUREX Plant. The ' plume from the PUREX
area extends southeast into the 600 Area and appears
coincident with the *H and nitrate plumes. The more
limited extent of the I plume shown in Figure 5.62
results from the lower initial concentrations of *°I than
the initial concentrations of *H and nitrate. The '*°1
plume likely had the same sources as the *H and nitrate.
Iodine-129 has nearly the same high mobility in ground
water as *H and nitrate.

The highest '1 concentration observed in 1992 in
Hanford ground water were 52.9 pCi/L found in well
299-W14-12. The "I plume from the 200-West Area
extends into the 600 Area to the east, and is essentially
coincident with the *H and nitrate plumes.
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Cesium-137. Concentrations of '¥'Cs were below the
contractual detection limit (20 pCi/L) except in one well,
299-E28-23, located near the 216-B-5 Reverse Injection
Well (Figure 5.51). The 1992 sample from well 299-
E28-23 contained 1,860 pCi/L of '*'Cs. The 216-B-5
Reverse Injection Well received an estimated 27.5 Ci of
Cs (decayed through December 31, 1992) during its
use for waste disposal from 1945 to 1947 (Stenner et al.
1988). The DWS for “’Cs is 200 pCi/L, and the DCG is
3,000 pCi/L. The area with '*’Cs above the DWS, based
on 1992 and past results, is depicted in Figure 5.59.
Most of the wells located near the 216-B-5 Reverse
Injection Well were not sampled in 1992 because of
restrictions on entry to radiation protection zones.
Cesium-137 is restricted to the immediate vicinity of the
reverse well by its extremely low mobility in ground
water.

Uranium. The EPA has proposed a DWS of 20 pg/L for
uranium. This is in contrast to other radionuclides where
the standards are given in pCi/L. The reasons for the
difference are that uranium is often analyzed by a fluo-
rescence method which is calibrated in pg/L and that
there is evidence that uranium ingestion may cause kid-
ney damage, which is better assessed as a chemical haz-
ard rather than a radiological hazard. However, uranium
may be analyzed by an alpha-counting method and has
an associated risk through its radioactivity so it is impor-
tant to be able to convert between ground-water concen-
trations expressed in Ug/L and those expressed in pCi/l..
The conversion factor depends on the proportions of
B4, 5U, and 28U in the ground water. The EPA con-
siders the DWS of 20 pg/L to be equivalent to a standard
of 30 pCi/L, based on a series of ground-water analyses
throughout the United States (EPA 1986¢). However,
site-specific data for Hanford indicate that the proportion
of the different uranium isotopes in ground water is
nearly identical to the average proportion in natural rock.
In this case, the uranium activity in pCi/L should be
multiplied by 1.49 to convert to the concentration in
ug/L. This gives a proposed DWS equivalent of 13.4
pCi/L. The site-specific conversion factor provides a
more stringent standard for activity data and will be used
in the discussion below.

Uranium has been detected at concentrations greater than
the proposed DWS in the 100-F, 100-H, 200-East, 200-
West, and 300 Areas. The highest concentrations
detected onsite in 1992 were in the 200-West Area near
the 216-U-1 and 216-U-2 cribs.

Ground-Water Protection and Monitoring Program

In 1992, uranium was detected at concentrations greater
than the proposed DWS at one location in the 100-F
Area, well 199-F8-1. The uranium concentration in this
well is generally decreasing with time, from a maximum
of 616 pg/L in 1988 to the 1992 value of 40.3 pg/L.

Uranium was detected at concentrations greater than the
DWS in four wells in the 100-H Area. The maximum
concentrations detected there in 1992 were 69.9 pg/L in
well 199-H4-4.

A few wells in the 200-East Area contained uranium at
concentrations greater than the proposed DWS for at
least one sampling event. The highest concentration
detected in the 200-East Area was 33.8 pg/L in well 299-
E28-23. The concentration in this well has remained
relatively steady since 1981. Well 299-E32-5 was the
only 200-East Area well with more than one 1992
sample greater than the DWS. It had three quarterly
samples in the 21- to 22-ug/L range. The uranium levels
in this and several other 200-East Area wells appear to
be decreasing to levels around or just below the proposed
DWS.

The highest uranium levels in Hanford ground water
occurred near U Plant in 200-West Area in wells
adjacent to the inactive 216-U-1 and 216-U-2 cribs
(Figure 5.62). Uranium concentrations in these wells
have been decreasing over the last 5 years following
remediation activities associated with those cribs. A
trend plot of uranivm concentrations in samples from
well 299-W19-18, immediately downgradient from the
cribs, is shown in Figure 5.63. The uranium levels in
this well continue to decrease slowly but remain greater
than the proposed DWS. The maximum concentrations
detected in this area were 4,090 ug/L in one sample from
well 299-W19-29; however, results from that well have
been erratic since 1991 and further data are needed to
interpret the trends.

A plume of uranium exists in the unconfined aquifer
beneath the 300 Area in the vicinity of uranium fuel
fabrication facilities and inactive waste sites known to
have received uranium waste. The extent of the plume is
limited to an area downgradient from active and inactive
LWDFs. An Expedited Response Action performed on
the 300 Area Process Trenches in mid-1991 was aimed at
reducing the uranium source in that area. Use of the
trenches for disposal of cooling water was resumed
following completion of the remedial action, although
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Figure 5.63. Uranium Concentrations in Well 299-W19-18, 1987 Through 1992

current discharge to the trenches is much lower than in
the past. Uranium levels in well 399-1-17A appear to
have been reduced following that action; levels appar-
ently stabilized about a factor of 10 below the maximum
values seen in 1990. However, results for 13 of the 52
samples collected in 1992 remained greater than the
proposed DWS. A trend plot showing the uranium
concentrations in that well is shown in Figure 5.64.
Well 399-1-17A is located near the 300 Area Process
Trenches. That well has shown cyclic variations in the
uranium level in the past. Monitoring will continue to
confirm the apparent improvement in uranium levels
resulting from the remediation and flow reduction.

Plutonium. Concentrations of plutonium were below
the detection limit in all wells sampled in 1992 except
for one 200-East Area and one 200-West Area well.

Ground water sampled at 200-East Area well 299-E28-
23, which is located near the 216-B-5 Reverse Injection
Well, ranged from 24.2 to 33.0 pCi/L of #***Pu in 1992.
This is comparable to 1990 levels. Plutonium-238 was
also detected in well 299-E28-23 but at considerably
lower levels ranging from 0.09 to 0.15 pCi/L. The 216-
B-5 Reverse Injection Well received an estimated 244 Ci

of 2¥29Pyu during its operation from 1945 to 1947
(Stenner et al. 1988). The DCG of 300 pCi/L for **Pu
was reduced to 30 pCi/L effective February 1990. There
is no explicit DWS for #Pu; however, the gross alpha
DWS of 15 pCi/L would be applicable at a minimum.
Alternately, if the DCG (which is based on a 100-mrem
dose standard) is converted to the 4-mrem dose equiva-
lent used for the DWS, 1.2 pCi/L would be the relevant
guideline. Plutonium is generally considered to bind
strongly to sediments and thus has limited mobility in the
aquifer.

The April 1992 sample from 200-West Area well 299-
W23-13, an upgradient well for the S-SX single-shell
tanks, was reported to contain 0.26 pCi/L of 23%%Pu.
This low-concentration sample is the only 200-West
Area sample in which plutonium was detected, and plu-
tonium was not detected in the other three quarterly sam-
ples. Plutonium-239, 240 was detected in 1990 and 1991
in a 200-West Area well, 299-W15-8, which monitors
the 216-Z-9 Crib. The 216-Z-9 Crib received a large
burden of plutonium and americium from Z Plant liquid
effluent streams. Well 299-W15-8 was not sampled in
1992 because there was insufficient water in the well to
collect a sample.
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Figure 5.64. Uranium Concentrations in Well 399-1-17A, 1987 Through 1992

Chemical Monitoring Results for the
Unconfined Aquifer

Chemical analyses performed on ground-water samples
by various monitoring programs at Hanford have identi-
fied eight hazardous chemicals occurring in ground water
at concentrations greater than existing or proposed
federal drinking water standards. These are nitrate,
cyanide, fluoride, chromium, carbon tetrachloride,
chloroform, trichloroethylene, and tetrachloroethylene.

A number of the constituents measured such as conduc-
tance, total carbon, total organic carbon, and total
organic halogens are used as indicators of contamination.
These will not be discussed in detail in this report
because the specific contaminant contributing to these
parameters will be discussed. Other chemicals listed in
Table 5.25 are indicators of the natural chemical compo-
sition of ground water and in general are not contami-
nants from operations at Hanford. These include
alkalinity, pH, sodium, magnesium, potassium, alumi-
num, silica, calcium, manganese, and iron. Chloride and
sulfate are both naturally occurring and site-related
constituents. There is no primary DWS for chloride or

sulfate (the secondary standard for each is 250,000 pg/L
and is based on aesthetic rather than health consider-
ations) so they will not be discussed in detail. The

- analytical technique used to determine the concentration

of metals in ground water provides results fora number
of constituents that are rarely observed above back-
ground concentrations such as vanadium, nickel, copper,
zine, strontium, silver, cadmium, antimony, barium,
beryllium, and boron.

The following subsections present additional information
on the eight chemical constituents occurring in ground
water at concentrations above existing or proposed
DWS.

Nitrate. Most ground-water samples collected in 1992
were analyzed for nitrate. Nitrate was measured at
concentrations greater than the DWS (45 mg/L as NO,
ion) in wells in all operational areas except the 100-B
and 400 Areas.

Although nitrate is associated primarily with process
condensate liquid wastes, other liquids discharged to
ground also contained nitrate. Nitrate contamination in
the unconfined aquifer reflects the extensive use of nitric
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acid in decontamination and chemical reprocessing
operations. Nitrate, like *H, can be used to define the
extent of contamination because nitrate is present in
many waste streams and is mobile in ground water.
However, additional offsite sources of nitrate are located
to the west and southwest. The distribution of nitrate on
the Hanford Site is shown in Figure 5.65. The nitrate
distribution shown in Figure 5.65 is similar to previous
evaluations.

The highest nitrate concentrations in the 200-East Area
continued to be found near LWDFs that received effluent
from PUREX operations. Nitrate concentrations in wells
near the 216-A-10 and 216-A-36B Cribs have generally
tended to decrease in the past few years but remained
above the DWS even though these facilities were
removed from service in 1987.

The configuration of the nitrate plume emanating from
the 200-East Area shows the influence of two periods of
PUREX operation and recent changes in the operation of
B Pond. The location of B Pond is shown in Figure 5.49.
Increases in the volume of low-nitrate process cooling
water discharged to B Pond apparently result in an
expanding area of “clean” ground water to the east and
south of B Pond (see Figure 5.65). The nitrate ground-
water plume related to PUREX operations discharges to
the Columbia River along a stretch from east of Gable
Mountain to the northern portion of the 300 Area.
Further spread of the nitrate plume south of the 300 Area
is restricted by ground-water flow from the Yakima
River east- and northeastward to the Columbia River.
Further consideration of the influence of ground-water
flow in this area is discussed above with regard to the *H
plume.

Nitrate concentrations greater than the DWS were
widespread in ground water beneath the 200-West Area.
Highest concentrations were centered in three locations:
1) wells near U Plant, 2) wells in the north-central part of
the 200-West Area, and 3) wells near the 216-S-25 Crib.
The highest nitrate concentrations across the Site
continued to be found in wells east of U Plant near the
216-U-17 Crib. The presence of nitrate in wells near this
crib was observed before February 1988 when the crib
went into operation. The source of nitrate is believed to
be wastes disposed of in the 216-U-1 and 216-U-2 Cribs.
These cribs received over 1 million kg of nitrate during
their operation from 1951 to 1967 (Stenner et al. 1988).
Nitrate concentrations in wells located near the 216-U-1
and 216-U-2 Cribs west of U Plant continued to de-
crease, with concentrations in several of the wells

dropping below the DWS. For example, the nitrate
concentrations in well 299-W 19-18 located near U Plant
have decreased to less than the DWS as shown in

Figure 5.66.

Several wells in the northwestern part of the 200-West
Area continued to contain nitrate at concentrations
greater than the DWS. These wells are located near
several inactive LWDFs that received waste from early
T Plant operations. Maximum concentrations in these
wells in 1992 ranged up to 650,000 pg/L in well 299-
W15-4, similar to that observed in recent years.

Although most nitrate observed onsite is the result of
Hanford operations, elevated nitrate concentrations in
wells in the western part of the Site appear to be the
result of increasing agricultural activity in Cold Creek
Valley, west of Hanford. There is no known source of
nitrate in that area associated with Site operations, and
wells located between well 699-36-93 and Hanford waste
disposal facilities show no evidence of plume passage.
Nitrate levels have fluctuated considerably in wells in the
western part of the Site over the past 30 years and again
appear to be increasing, particularly in well 699-36-93,
Nitrate levels have been at or greater than the DWS in
that well since 1985.

Nitrate concentrations near the city of Richland and in
the 1100 Area, 3000 Area, and adjacent parts of the 600
Area are also apparently affected by offsite nitrate
sources. These sources may include agriculture, food
processing, urban horticulture, and nuclear fuel process-
ing at commercial offsite facilities.

Cyanide. In past monitoring activities, cyanide was
detected in samples collected from wells in and directly
north of the 200-East Area. The cyanide source is
believed to be wastes containing ferrocyanide disposed
of in the 216-BY Cribs. Samples taken from the 200-
East Area in 1992 had a maximum cyanide concentration
of 130 pg/L in one sample from well 299-E33-41, which
is in the 241-B Tank Farm area, southeast of the BY
Cribs. Other samples from this well do not confirm the
presence of ¢cyanide. Well 699-50-53, north of the BY
Cribs, continued to contain detectable cyanide (110 pg/L
in 1992) but at concentrations considerably lower than in
previous years. Wells containing cyanide often contain
concentrations of several radionuclides, including °Co.
Although *Co is normally immobile in the subsurface, it
appears to be chemically complexed and mobilized by
cyanide or ferrocyanide. A chemical speciation study
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Figure 5.66. Nitrate (NO;) Concentrations in Well 299-W19-18, 1986 Through 1992

performed in 1988 indicated that approximately one-
third of the cyanide is present as free cyanide and the rest
may be present as ferrocyanide (Evans et al. 1989a,
1989b).

Cyanide forms two distinct plumes in the 200-West
Area; the highest level reported in 1992 was 70 ug/L in
wells 299-W14-2 and 299-W18-5. No formal DWS has
been established for cyanide. A standard of 200 pg/L.
has been proposed by the EPA.

Fluoride. Fluoride currently has a primary DWS of 4.0
mg/L and a secondary standard of 2.0 mg/L. Secondary
standards are based primarily on aesthetic considerations
and are not federally enforceable rules, although the
State of Washington claims the right to require corrective
action from drinking water suppliers if secondary stan-
dards are exceeded. Both standards will be used in the
discussion below; however, it should be remembered that
only the primary standard is based on health consider-
ations and that the DWS are only an indication of the
degree of contamination because the area of elevated
fluoride is far from any drinking water supply. Fluoride
was detected at levels greater than the primary DWS in the
200-West Area and greater than the secondary standard in
the 200-East and 200-West Areas.

Fluoride concentrations greater than the 2.0-mg/L sec-
ondary standard occurred in one 200-East Area well,
299-E28-24, near the 216-B-5 Reverse Injection Well.
The maximum concentration detected in this well in
1992 was 2.7 mg/L.

A few wells in the 200-West Area near T Plant had fluo-
ride concentrations greater than the secondary standard
in 1992, although only two wells were greater than the
primary DWS. A 200-West Area well (299-W10-15)
showed a fluoride concentration of up to 5.0 mg/L in
1992. Well 299-15-4 showed the maximum fluoride
onsite with a concentration of 7.2 mg/L.. A map depict-
ing the area of fluoride concentrations greater than the
secondary standard in the 200-West Area is shown in
Figure 5.67. Aluminum fluoride nitrate use in the 200-
West Area processes is the probable source of the
fluoride plume.

Chromium. Both filtered and unfiltered samples were
collected for chromium and other metals from many of
the wells onsite. Unfiltered samples may contain metals
present as particulate matter, while filtered samples are
representative of the more mobile dissolved metals. Fil-
tered samples may also contain some colloidal particles
fine enough to pass through the filter. Drinking water
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Figure 5.67. Distribution of Selected Hazardous Chemicals Greater Than the Drinking Water Standard near
the 200 Areas, 1992. Drinking water standard for each constituent is shown in parentheses.

standards are based on unfiltered concentrations; how-
ever, differences in well construction and pumping
between monitoring wells and water-supply wells make
it difficult to predict potential drinking water concentra-
tions from monitoring well data. Comparison of filtered
to unfiltered samples provides a greater understanding of
the transport of chromium onsite.

Chromium has been detected in ground water from wells
in each of the 100 Areas. However, concentrations in the
100-B/C Area were less than the federal DWS of

100 pg/L (the Washington State MCL is 50 pg/L) with
the exception of one anomalous value from a triplicate of
analyses. The chromium distribution in the 100 Areas is
shown in Figure 5.60.

High chromium concentrations were detected at similar
levels in both filtered and unfiltered samples from the
100-D Area. This indicates that the chromium concen-
trations are representative of the mobile concentrations in
the ground water.

Relatively few chromium analyses are available from the
100-F Area in 1992. Of these, only one filtered sample
had detectable chromium and this was less than the
DWS.

Many samples from the 100-H Area contained chromium
at levels greater than the DWS. Chromium was often
present at similar levels in both filtered and unfiltered
samples. Potential chromium sources in the 100-H Area
include disposal of sodium dichromate near the reactor
building and to the 107-H Liquid Waste Disposal

Trench, and chromium in acid wastes stored in the 183-H
Solar Evaporation Basins (Peterson and Connelly 1992).
Chromium was also detected in parts of the 600 Area
adjacent to the 100-H Area. :

Chromium is found in both filtered and unfiltered sam-
ples from the 100-K Area at levels greater than the DWS.
In contrast, at the 100-N Area, only three samples from
1992 contained chromium at concentrations greater than
the DWS. All three of these samples were unfiltered and
other filtered and unfiltered samples from the same wells
contained chromium at levels less than the DWS. Thus,
the high concentrations at the 100-N Area may result
from greater amounts of particulate matter in the

samples.

Chromium at concentrations greater than the DW'S in the
200-East Area is found only in unfiltered samples with
the exception of samples from well 299-E24-19. The
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widespread presence of chromium associated with par-
ticulate matter in the 200-East Area may be related to the
stainless-steel well construction. Chromium is a compo-
nent of stainless steel, and it is not clear that the sample
concentrations are representative of the ground water.
Well 299-E24-19 has recently developed chromium
concentrations of up to 3,000 pg/L in unfiltered and
1,800 pg/L in filtered samples. These concentrations are
possibly related to well corrosion because nickel (another
stainless-steel component) concentrations are also
increasing. Some of the chromium and nickel may be
associated with ultra-fine or colloidal particles that pass
through the 0.45-pum filters used in ground-water
sampling.

Chromium contamination has been found at several loca-
tions in the 200-West Area. Chromium in the 200-West
Area is found in both filtered and unfiltered samples,
although the filtered concentrations tend to be somewhat
lower in many instances. A map showing the distribu-
tion of chromium contamination in the 200-West Area is
shown in Figure 5.67.

Chromium has been detected at concentrations greater
than the DWS in a few unfiltered samples from the 300
Area. The concentrations in filtered samples remain less
than the DWS and the detected values in the unfiltered
samples are erratic. This difference suggests that the
high chromium concentrations found in these monitoring
wells represent particulate matter which may be related
to well construction and are affected by the well purging
procedures, the time between samples, or other effects
that do not reflect the general ground-water quality.

Chromium greater than the DWS has also been detected
in 600 Area RCRA monitoring wells near the Solid
Waste Landfill and B Pond. Chromium in filtered sam-
ples, however, remained below the DWS. In the B Pond
area, high chromium was found in wells monitoring the
top of the unconfined aquifer and what is referred to as
the semi-confined aquifer. It appears that the stainless-
steel well casings or well screens may be contributing
particulate chromium to the unfiltered samples.

Carbon Tetrachloride and Chloroform. Carbon tetra-
chloride contamination was found in the unconfined
aquifer beneath much of the 200-West Area. The con-
tamination is believed to be from waste disposal opera-
tions associated with Z Plant before 1973. A concentra-
tion of 8,100 pg/L was found in a well near Z Plant first

monitored in October 1988 (well 299-W15-16). Carbon
tetrachloride concentrations in well 299-W15-16 were
somewhat lower in 1992, reaching a maximum of

6,700 pg/L. Numerous other wells in the area had carbon
tetrachloride levels ranging from 1,000 to 5,000 pg/L.
The distribution of carbon tetrachloride in the 200-West
Area greater than the DWS is shown in Figure 5.68.

The carbon tetrachloride distribution in the 200-West
Area ground water has remained relatively stable since
the presence of the contaminant plume was first noted in
1987. The only discernible exception is the western or
southwestern edge of the plume, which has shown consi-
derable movement over the past 4 to 5 years. Figure 5.68
shows the trends in carbon tetrachloride concentrations
with time for five wells located at the east, west, north,
and south boundaries of the plume. Well 699-39-79
shows a major increase during 1987 and 1988, indicating
arrival of the bulk of the plume at that time. Since 1988
the concentration in well 699-39-79 has remained rela-
tively constant. The other three locations show less
change although there is a distinct increase in concentra-
tion in wells located to the southeast of the plume center.

The spreading of the 200-West Area carbon tetrachloride
plume to the west is counter to the ground-water flow
direction. Changes in ground-water flow since decom-
missioning U Pond may influence the exact plume con-
figuration and the concentrations at particular locations.
Another potential influence is the continued spreading of
carbon tetrachloride above the water table, in either the
liquid or vapor phase. Free phase liquid carbon tetrachlo-
ride above and possibly below the water table provides a
continuing source of contamination. Thus, the carbon
tetrachloride plume is expected to expand slowly until
remedial measures are implemented.

The DWS for carbon tetrachloride is 5 pug/L. In

addition to carbon tetrachloride, significant amounts of
other chlorinated hydrocarbon solvents were found in
200-West Area ground water, including trichloroethylene
and chloroform. A chloroform concentration of

1,540 pug/L was measured in well 299-W15-8 in May
1990. The chloroform plume appears to be associated
with but not exactly coincident with the carbon tetrachlo-
ride plume. The DWS for chloroform is 100 pg/L (total
trihalomethanes), 20 times higher than that for carbon
tetrachloride. The location of the chloroform plume is
shown on Figure 5.69.
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Figure 5.68. Distribution of Carbon Tetrachloride (CCl,) in the 200-West Area, 1992
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Trichloroethylene. Trichloroethylene has a DWS of

5 pg/L. Trichloroethylene has been detected in wells in
the 100-B/C, 100-F, 100-K, 200-West, 300 Areas, and
the Solid Waste Landfill, part of the 600 Area.

Trichloroethylene has been detected in 1992 at levels
less than the DWS in 100-B/C Area wells and at levels
greater than the DWS in one 100-F Area and several
100-K Area wells. In addition, trichloroethylene was
found at levels up to 29 pg/L in well 699-77-36, east of
the 100-F Area.

Trichloroethylene was detected in 1992 at levels greater
than the DWS in the 200-West Area in two locations.
The first location is to the west of T Plant, and concen-
trations up to 34 ug/L. were detected in 1992. The
second location is near U Plant, where up to 6.2 pg/L,
just greater than the DWS, were detected in well 299-
W19-29. Several wells with trichloroethylene in 1991
samples were not sampled in 1992. These include wells
in the vicinity of the REDOX Plant. The maximum level
found in 1991 in a well near REDOX Plant (299-W22-
20) was 34 pg/L.

Trichloroethylene and cis-1,2-dichloroethylene were
found in wells monitoring the lower portion of the
unconfined aquifer near the North Process Pond in the
northern half of the 300 Area. Cis-1,2-dichloroethylene
is a product of trichloroethylene biodegradation. Maxi-
mum concentrations in 1992 were 16 pg/L trichloroeth-
ylene and 120 ug/L cis-1,2-dichloroethylene in well 399-
1-16B. Similar levels were found in nearby well 399-1-
16C, which monitors the upper portion of the confined
aquifer. These may be related to leakage from the
unconfined aquifer from well construction. Monitoring
well 399-1-16C apparently does not have an adequate
seal between the confined aquifer and the aquifer above,
so the chemical concentrations are not believed to be
representative of the confined aquifer. Evidence for the
poor seal includes a reversal in relative water levels
between 399-1-16B and 399-1-16C shortly after comple-
tion of the wells. This suggests that water was being
drawn down to 399-1-16C from above. The water levels
have recently changed back indicating that the leakage
may no longer be taking place. The water levels and
chemistry continue to be monitored to determine if
remediation of well 399-1-16C is needed. Trichloroeth-
ylene has only recently been observed in well 399-1-
16A, which monitors the upper portion of the unconfined
aquifer. The trichloroethylene concentration of 2.0 ug/L

found in well 399-1-16A in 1992 remains less than the
DWS. Trichloroethylene greater than the DWS was also
detected in well 399-4-12, in the southern 300 Area.

Past samples from other wells in this part of the 300 Area
have had trichloroethylene concentrations greater than
the DWS.

Several wells at the Solid Waste Landfill contained
trichloroethylene close to but slightly lessthan the
DWS. Solid Waste Landfill wells had shown
trichloroethylene concentrations greater than the DWS
in previous years. These wells also continued to show
levels of tetrachloroethylene just greater than the 5-pg/L
DWS. The source of the trichloroethylene in this area is
apparently disposal of waste from vehicle maintenance
operations in the mid-1980s through 1987.

Tetrachloroethylene. Tetrachloroethylene, also refer-
red to as perchloroethylene, is found at levels greater
than the DWS in a number of areas of the Site including
the 200-West Area, the 300 Area, and the southern
portion of the 600 Area. A number of samples from
wells in the 1100 and 3000 Areas contained low concen-
trations of tetrachloroethylene. The only area where
tetrachloroethylene was detected at concentrations
greater than the DWS is the Solid Waste Landfill, where
the concentrations reached a maximum of 6.6 pg/L. in
well 699-24-34B. Tetrachloroethylene was apparently
used as a degreasing solvent.

Radiological and Chemical Monitoring
Results for the Confined Aquifer

The uppermost (Rattlesnake Ridge) confined aquifer
was monitored to determine the extent of ground-water
interaction between the confined and unconfined
aquifers. Intercommunication between aquifers has
been previously identified by Gephart et al. (1979) and
Graham et al. (1984). Ground-water samples from
selected confined aquifer wells have been analyzed for a
variety of radionuclides and hazardous chemicals. In
most cases, no indication of contamination was observed.
Detection of radionuclides in well 299-E33-12 is
attributed to contamination by high-salt waste that
migrated by density flow into the borehole when it was
open to both the unconfined and the confined aquifer
during drilling (Graham et al. 1984). The 1992 sample
from well 299-E33-12 contained 561 pCi/L of *H.
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Figure removed as per DOE guidance.

Figure 5.69. Distribution of Chloroform in the Unconfined Aquifer near the 200-West Area, 1992

Intercommunication between the Rattlesnake Ridge (Graham et al. 1984), Elevated levels of ‘H have also
confined aquifer and the unconfined aquifer north of the been measured in ground water from the Rattlesnake
200-East Area was indicated by nitrate concentrations in Ridge interbed in well 699-42-40C. This well contained
well 699-47-50, which were 8,800 pg/L in 1992. This a maximum of 7,830 pCi/L. of *H in samples collected in
well is located near an erosional window (an area where 1992. Elevated levels of *°T (0.15 pCi/L) have previ-
the confining layer is absent) in the confining basalt flow ously been observed in the same well.
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6.0 Potential Radiation Doses from
1992 Hanford Operations

Present and past operations at Hanford have resulted in
the release of radionuclides into the surrounding environ-
ment. Members of the public are potentially exposed to
low levels of radiation from these effluents through a
variety of pathways. The potential radiation doses™ to
the public in 1992 from Hanford operations were
calculated for the hypothetical MEI and for the general
public residing within 80 km (50 mi) of the Hanford Site.
These doses were calculated from effluent releases
reported by the operating contractors, and radionuclide
measurements in environmental media, using Version
1.485 of the GENII code (Napier et al. 1988a, 1988b,
1988c¢) and Hanford Site-specific parameters.

The potential dose to the MEI in 1992 from Hanford
operations was 0.02 mrem (2 x 10* mSv), the same as
reported for 1991. The potential dose to the local
population of 380,000 persons (Beck et al. 1991) from
1992 operations was 0.8 person-rem (0.008 person-Sv),
compared to 0.9 person-rem (0.009 person-Sv) reported
for 1991. The 1992 average dose to the population was
0.002 mrem (2 x 10 mSv) per person. The current DOE
radiation limit for an individual member of the public is
100 mrem/yr (1 mSv/yr), and the national average dose
from natural sources is 300 mrem/yr (3 mSv/yr). The
MEI potentially received 0.02% of the DOE dose limit
and 0.007% of the natural background average dose.
The average individual potentially received 0.002% of
the standard and 0.0007% of the 300 mrem/yr received
from typical natural sources.

During 1992, radionuclides reached the environment in
gaseous and liquid effluents from present and past
Hanford operations. Gaseous effluents were released
from operating stacks and ventilation exhausts. Liquid
effluents were released from operating wastewater
treatment facilities and in seepage of contaminated ground
water into the Columbia River. These radioactive

materials were then transported throughout the environ-
ment by wind and the Columbia River. Eventally,
animals and people can be exposed to these radionu-
clides through external exposure, and inhalation and
ingestion of contaminated air and foodstuffs. Because of
the many variables involved in the transport of the
radionuclides. in the environment and differing living
habits of people, the assumptions used to describe the
exposure scenarios are conservative (in other words, the
doses are likely to be overestimated).

Potential radiation doses to the public from these releases
were evaluated in detail to determine compliance with
pertinent regulations and limits. The potential radiologi-
cal impacts of 1992 Hanford operations were assessed in
terms of the following:

« dose to a hypothetical MET at an offsite location

*  maximum dose rate from external radiation at a
publicly accessible location on or within the Site
boundary

*  dose to an avid sportsman

» dose to the population residing within 80 km
(50 mi) of the operating areas

»  absorbed dose rate (rad/d) potentially received by
animals associated with contaminant releases to the
Columbia River.

During 1992, the various unusual environmental occur-
rences listed in Section 2.4, “Environmental Occur-
rences,” involved potential uncontrolled releases of
radionuclides into the environment. However, no
additional dose to the public resulted from such
occurrences.

(a) Unless stated otherwise the term “dose” in this chapter is the “effective dose equivalent” (see Glossary).
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To the extent possible, radiation dose assessments should
be based on direct measurements of radiation dose rates
and radionuclide concentrations in the surrounding env-
ironment. The amounts of most radioactive materials
released during 1992 were generally too small to be
measured directly once they were dispersed in the offsite
environment. For many of the measurable radionuclides,
it was difficult to identify the contributions from Hanford
sources in the presence of those contributed from world-
wide fallout and from naturally occurring uranium and
its decay products. Therefore, in nearly all instances,
potential offsite doses were estimated using environmen-
tal pathway models that calculate concentrations of
radioactive materials in the environment from effluent
releases reported by the operating contractors.

As in the past, the differences in measured concentra-
tions of certain radionuclides in samples of Columbia
River water collected upstream and downstream of the
Hanford Reach were used to estimate the doses to the
public from these radionuclides entering the river with
riverbank seepage of ground water. During 1992, °H,
®Te, '®1 and isotopes of uranium were found at greater
concentrations than predicted from direct discharge from
the 100 and 300 Areas.

Although the uncertainty associated with the radiation
dose calculations has not been quantified, whenever
Hanford-specific data were not available for parameter
values (for example, vegetation uptake and consumption
- factors) conservative values were selected from the
literature for use in environmental transport models.
Thus, doses calculated using models should be viewed as
maximum estimates of potential doses resulting from
Hanford operations.

Maximally Exposed
Individual Dose

The MEI is a hypothetical person who lives at a location
and has a postulated lifestyle such that it is unlikely that
other members of the public would receive higher doses.
This individual’s characteristics were chosen to maxi-
mize the combined doses from all realistic environmental
pathways of exposure to radionuclides in Hanford
effluents. In reality, such a combination of maximized
parameters is unlikely to apply to any single individual.

The location selected for the MEI can vary from year to
year depending on the relative importance of the several
sources of radioactive effluents released to the air and to
the Columbia River from Hanford facilities.

Historically, two separate locations in the Hanford
environs have been identified as potential sites for the
MEI: the Ringold area 26 km (16 mi) east of the 200
Areas separation facilities, and the Riverview irrigation
district across the river from Richland (Figure 6.1). The
principal differences between the two MEI locations are
that Ringold is closer than Riverview to the Hanford
facilities which had been the major contributors of
airborne effluents, but the MEI at Ringold does not drink
water derived from the Columbia River. The MEI at
Riverview, although farther from the Hanford sources of
airborne radionuclides, can be exposed to the one
additional pathway of consumption of drinking water
derived from the Columbia River.

In recent years, the calculated doses to an MEI at the two
locations have been very nearly the same. For the 1990
calendar year, the dose calculated for the MEI at Ringold
was about 5% higher than that calculated for the MEI at
Riverview. For the 1991 calendar year, the situation was
reversed (i.e., the calculated dose to the MEI at
Riverview was 5% higher than that calculated for the
MEI at Ringold). The change resulted from the con-
tinued reduction of the quantity of radionuclides released
to the atmosphere from Hanford facilities. For the 1992
calendar year the MEI for air pathways only was located
at Ringold, while the MEI for all pathways combined
was at Riverview.

The following exposure pathways were included in the
calculation of doses potentially received by the MEI at
Riverview for 1992: inhalation of and submersion in air
downwind of the Site, consumption of foods contami-
nated by radionuclides deposited on the ground from
airborne materials and by irrigation with water from the
Columbia River, direct exposure to radionuclides
deposited on the ground, consumption of drinking water
derived from the Columbia River, consumption of fish
taken from the Columbia River, and external radiation
during recreation activities on the Columbia River and its
shoreline. The MEI for 1992 was postulated to be an
individual who:

» was aresident of the Riverview area
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Figure 6.1. Locations Important to Dose Calculations
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»  consumed homegrown foodstuffs irrigated with
Columbia River water

*  used the Columbia River extensively for boating,
swimming, and fishing, and consumed the fish
caught

*  drank water that was derived from the Columbia
River via the Pasco municipal water system.

Doses to the MEI were calculated using the effluent data
in Section 3.1, Tables 3.1, 3.3, and 3.4, and measured
quantities of radionuclides assumed to be present in the
Columbia River from riverbank springs as input to the
GENII code. The calculated doses for the MEI are
summarized in Table 6.1. These values include the
potential doses received from exposure to liquid and
airborne effluents during 1992, as well as the future dose
from radionuclides that were deposited in the body
during 1992 via inhalation and ingestion. As releases

from facilities and the doses from these sources decrease,
the contribution of diffuse sources, such as wind-blown
contaminated soil, becomes relatively more significant.

A preliminary upper estimate of the dose from diffuse
sources is discussed in a following subsection (Compari-
son with Clean Air Act Standards). This contribution is '
not included in the MEI dose. Site-specific parameters
for food pathways, diet, and recreational activity used for
the dose calculations are contained in Appendix D.

The total potential dose to the hypothetical MEI in 1992
was calculated to be 0.02 mrem (2 x 10* mSv) the same
as calculated for in 1991. The primary pathways
contributing to this dose as determined by the computer
calculations were:

*  consumption of food irrigated with Columbia River
water containing radionuclides (principally *H and
“Tc) (40%)

Table 6.1. Doses to the Hypothetical Maximally Exposed Individual from Hanford Operations, 1992

Operating Area Contribution
Doses, mrem®®

100 200 300 400 Pathway
Effluent Pathway Areas Areas Area Area Total
Ailr External® 4x10°% 5x10°¢ 3x 107 2x103 3x103
Inhalation 6x10° 7x10* 1x10* 7 x 10¢ 9 x 10*
Foods® 6x 107 0.003 7x 10+ 2 x107 0.004
Water Recreation® 2x10° 1x10* 3x 107 ---® 1x10¢
Foods® 5x 10+ 0.01 1x10* --- 0.01
Fish® 4x 10* 0.005 2x 10¢ - 0.006
Drinking water 3x10° 0.004 1x10° - 0.004
Total 0.001 0.02 0.001 0.00003 0.02

(a) To convert these dose values to mSv, divide them by 100.

(b) Values rounded after adding.

(c) Includes air submersion and exposure to ground-deposited radionuclides.

(d) Includes consumption of all foodstuffs contaminated via deposition from the air.
(e) External exposure during river recreation plus inadvertent ingestion of water while swimming.

(f)  There are no releases to the river from the 400 Area.
(g) Includes consumption of all foodstuffs contaminated via irrigation water and external exposure to ground

contaminated via irrigation.

(h) Consumption of fish taken from the Columbia River.
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«  consumption of fish containing radionuclides
(principally *H, ®Tc, and isotopes of uranium) from
the Columbia River (23%).

+  consumption of food containing radionuclides
(primarily '*I) deposited from the air (20%)

«  consumption of drinking water containing radionu-
clides (primarily *H, *Tc, and isotopes of uranium)
from the Columbia River (14%).

The dose limit for any member of the public from all
routine DOE operations is 100 mrem/yr (1 mSv/yr).
The dose calculated for the MEI was 0.02% of the DOE
limit.

The doses from Hanford operations for the MEI for 1988
through 1992 are illustrated in Figure 6.2. During each
year the doses were estimated using methods and
computer codes that were state-of-the-art at the time.
Doses were estimated for the location determined to
potentially result in the highest dose to the MEL Soldat
(1989) presents a comparison of the calculated doses for
the 5-year period 1983 through 1987. In recent years,
the differences in doses calculated for the MEI at the two
locations, Ringold and Riverview, have become very
small.

1.0 1.0
0.8 L 0.8
o}
- -8
5 0.6 - 0.6 O
o
g i S
) &
é 0.4 - 0.4 %
| 2
0.2 - 0.2 &
0.0 l-_-i T r—] | | wesana | 14:::; I =l (0.0

1988 1989 1990 1991 1992

$9203058.92

Figure 6.2. Calculated Effective Dose Equivalent
to the Hypothetical Maximally Exposed Individual,
1988 Through 1992
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Special Case Exposure
Scenarios

While characteristics that define the standard and
historical MEI are selected to define a high exposure
scenario that is unlikely to occur, they do not necessarily
represent the highest conceivable dose scenario that
could occur. Low probability exposure scenarios exist
that could conceivably result in somewhat higher doses.
Two potential scenarios include an individual who could
spend time at the Site boundary location with the
maximum external radiation dose rate, and a sportsman
who might obtain contaminated wildlife that migrated
from the Site. These special cases are discussed below,
as well as the potential dose from consumption of
drinking water at the FFTF Visitors Center.

Maximum “Boundary”
Dose Rate

The “boundary” dose rate is the external radiation dose
rate measured at publicly accessible locations on or near
the Site. The “boundary” dose rate was determined from
radiation exposure measurements using radiation
dosimeters (TLDs) at locations of expected elevated dose
rates onsite and at representative locations offsite. These
“boundary” dose rates should not be used to calculate
annual doses to the general public because no one can
actually reside at any of these “boundary” locations.
However, these rates can be used to determine the dose
to a specific individual who might spend some time at
that location.

“Boundary” external radiation dose rates were measured
in the vicinity of the 100-N, 300, and 400 (FFTF) Areas,
as described in Section 5.7, “External Radiation Surveil-
lance.” The 200 Areas results were not used because
these locations are not accessible to the general public.
Radiation measurements made at the 100-N Area
shoreline (Figure 6.1) were consistently above back-
ground level and represent the highest measured ““bound-
ary” dose rate. The Columbia River provides public
access to an area within a few hundred meters of the

N Reactor and supporting facilities.

The annual average dose rate at the location with the
highest exposure rate along the 100-N shoreline during
1992 was 0.03 mrem/h (3 x 10* mSv/h), or about
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0.02 mrem/h (2 x 10* mSv/h) above the average back-
ground dose rate of 0.01 mrem/h (1 x 10* mSv/h)
normally observed at offsite shoreline locations. There-
fore, for every hour someone spent at the 100-N Area
shoreline, the external radiation dose received from
Hanford operations would be about 0.02 mrem (2 x
10*mSv). This dose would be in addition to the annual
dose calculated for the MEI at Riverview. In practice,
the public can approach the shoreline by boat, but they
are legally restricted from stepping onto the shoreline.

The FFTF Visitors Center, located southeast of the FFTF
Reactor building (Figure 6.1), provides public access to
the 400 Area. Dose rates measured at this location
during 1992 were essentially equal to normal background
radiation levels in the vicinity of Hanford [0.01 mrem/h
(1 x 10* mSv/h)].

Sportsman Dose

Wildlife have access to areas of the Site that contain
contamination and could thereby become contaminated.
The potential also exists for contaminated wildlife to
move offsite. For this reason, sampling is conducted
onsite to estimate maximum contamination that might
exist in animals hunted offsite. This is a unique and
relatively low probability scenario that is not included in
the MEI calculation.

Listed below are examples of the estimated radiation
doses that could have resulted if wildlife, containing the
maximum concentrations measured in onsite wildlife in
1992, migrated offsite, were hunted, and were consumed.
These are very low doses, and qualitative observations
suggest that the significance of this pathway is further
reduced because of the relatively low migration offsite
and the inaccessibility of onsite wildlife to hunters. Not
all of the maximum values were observed in the same
animal of each species sampled. However, the maxi-
mum values were compounded to arrive at an upper limit
to the potential concentrations. These doses would be in
addition to the MEI dose.

*  The dose from eating 1 kg® of meat containing the
maximum concentration of *7Cs measured in a deer
collected onsite is estimated to be 1 x 10° mrem (1 x
10 mSv).

(a) 1kg=2.21Ib.

* The dose from eating 1 kg of meat containing the
maximum concentration of '*’Cs measured in any
duck collected onsite is estimated to be 0.07 mrem
(7 x 10* mSv). :

* The dose from eating 1 kg of meat containing the
maximum concentration of *’Cs measured in a
pheasant collected onsite is estimated to be 2 x 103
mrem (2 X 103 mSv).

The methodology for calculating doses from consump-
tion of wildlife are addressed in more detail in a recent
report (Soldat et al. 1990).

FFTF Visitors Center Drinking
Water

During 1992, ground water was used as a drinking water
source at the FFTF Visitors Center (Figure 6.1). This
water is sampled and analyzed throughout the year in
accordance with applicable drinking water regulations.
Radionuclide concentrations during 1991 were well
below applicable drinking water standards, but concen-
trations of *H and '#I were detected at levels above
typical background values. Based on these measure-
ments, the potential dose received by a member of the
public from drinking 1 L (X1 qt) of drinking water during
a visit to the FFTF Visitors Center was calculated to be

5 x 10* mrem (5 x 10 mSv). The maximum organ dose
(thyroid) was also calculated to be 5 x 10* mrem (5 x
10* mSv). These doses are very small percentages of the
DOE limit of 4 mrem EDE (0.04 mSv).

Comparison with Clean Air
Act Standards

Limits for radiation dose to the public from airborne
emissions at DOE facilities are provided in 40 CFR 61,
Subpart H, of the Clean Air Act Amendments. The
regulation specifies that no member of the public shall
receive more than 10 mrem/yr (0.1 mSv/yr) from
exposure to airborne radionuclide effluents released at
DOE facilities. It also requires that each DOE facility
submit an annual report that supplies information about
atmospheric emissions for the preceding year and their
potential offsite impacts. The following summarizes
information that is provided in more detail in the 1992
air emissions report (Diediker et al. 1993).
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The 1992 air emissions from monitored Hanford facilities
resulted in a potential dose to an MEI at Ringold of
0.004 mrem (4 x 10 mSv), which is 0.04% of the limit.
Therefore, the estimated annual dose from monitored
stack releases at the Hanford Site during 1992 was well
below the Clean Air Act standard. The Clean Air Act
requires the use of CAP-88 or other EPA models to demon-
strate compliance with the standard, and the assumptions
embodied in these codes differ slightly from standard
assumptions used at the Hanford Site for reporting to
DOE via this document. Nevertheless, the results of
calculations performed with CAP-88 for air emissions
from Hanford facilities agree well with those calculated
using the GENII code (0.005 mrem or 5 x 10° mSv).

The 1990 amendments to the Clean Air Act (40 CFR 61,
Subpart H) also require DOE facilities to estimate the
dose to a member of the public for radionuclides released
from diffuse and unmonitored sources as well as from
monitored point sources. The EPA has not specified or
approved methods for estimating emissions from diffuse
sources, and standardization is difficult because of the
wide variety of such sources at DOE sites. Estimates of
potential diffuse source emissions at the Hanford Site
have been developed using environmental surveillance
measurements of airborne radionuclides at the Site
perimeter. The information reported below is based on
environmental data from 1991 and 1992 because results
from 1991 sampling were not available until late 1992,
and it was not possible to include them in the previous
report.

Using the 1991 air sample data, the hypothetical dose
from diffuse and unmonitored sources at eight individual
perimeter monitoring stations was estimated to range
from 0.011 to 0.064 mrem/yr (1.1 x 10 to 6.4 x 10*
mSv/yr). The dose to the MEI at Ringold was 0.035
mrem/yr (3.5 x 10* mSv/yr), which is somewhat greater
than the estimated dose at this location from stack
emissions during 1991 (0.007 mrem or 7 x 10° mSv).
Based on these results, the combined dose from stack
emissions and diffuse and unmonitored sources during
1991 was substantially below the EPA standard.

Air sampling data from 1992 yielded somewhat higher
dose estimates for the diffuse and unmonitored sources,
in part because of suspected cross-contamination of *H
air samples in the analytical laboratory (see Section 5.2,
“Air Surveillance”). Elevated *H concentrations were
found sporadically throughout the year, but were most
common during the first 5 months. Samples from both
perimeter and distant community stations were affected;
however not all were elevated to the same degree. When

Potential Radiation Doses from 1992 Hanford Operations

all *H sample data are included, the estimated dose from
diffuse and unmonitored sources at six individual
perimeter monitoring stations ranged from 0.09 to O. 18
mrem/yr (9.0 x 10# to 1.8 x 10° mSv/yr). The dose

to the MEI at Ringold was 0.09 mrem/yr (9.0 x 10
mSv/yr), which, as in 1991, was greater than the esti-
mated dose at that location from stack emissions during
1992 (0.004 mrem or 4 x 10° mSv). If the *H data are
excluded entirely, the dose at all locations from the
remaining radionuclides amounts to less than 0.01
mrem/yr (1 x 10* mSv). Based on these results, the
combined dose from stack emissions and diffuse and
unmonitored sources during 1992 was also much less
than the EPA standard.

Population Dose

Pathways of exposure to the population from releases of
radionuclides to the atmosphere include inhalation, air
submersion, and consumption of contaminated food.
Pathways of exposure associated with Hanford-generated
radionuclides present in the Columbia River include
consumption of drinking water, fish, and irrigated foods,
and external exposure during aquatic recreation. The
regional population dose from 1992 Hanford operations
was estimated by calculating the radiation dose to the
population residing within an 80-km (50-mi) radius of
the onsite operating areas. Results of the dose calcula-
tions are shown in Table 6.2. Food pathway, dietary,
residency, and recreational activity assumptions for these
calculations are given in Appendix D.

The potential dose calculated for the population was
0.8 person-rem (0.008 person-Sv) in 1992, compared to
0.9 person-rem (0.009 person-Sv) in 1991. The 80-km
(50-mi) population doses attributed to Hanford opera-
tions from 1988 through 1992 are compared in Fig-

ure 6.3.

Primary pathways contributing to the 1992 dose to the
population were:

«  consumption of foodstuffs contaminated with
radionuclides (principally '*I) released with gaseous
effluents primarily from the PUREX Plant stack
(57% of the total dose)

«  consumption of drinking water contaminated with
radionuclides (principally *H) released to the
Columbia River at Hanford (21%)
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Table 6.2. Population Doses from Hanford Operations, 1992

Operating Area Contribution
Doses, person-rem®®

100 200 300 400 Pathway
Effluent Pathway Areas Areas Area Area Total
Air External® 0.00001 0.0006 0.0000002 0.003 0.003
Inhalation 0.003 0.1 0.01 0.001 0.1
Foods® 0.0002 04 0.04 0.00002 0.4
Water Recreation'® 0.00001 0.0005 0.000002 ---0 0.0005
Foods® 0.0006 0.01 0.0001 --- 0.01
Fish® 0.0002 0.002 0.00006 - 0.002
Drinking Water 0.001 0.2 0.0004 - 0.2
Total 0.005 0.7 0.05 0.004 0.8

(a) To convert these dose values to person-Sv, divide them by 100.

(b) Values rounded after adding.

(c) Includes air submersion and exposure to ground-deposited radionuclides.
(d) Includes consumption of all foodstuffs contaminated via deposition from the air.
(e) External exposure during river recreation plus inadvertent ingestion of water while swimming.

(f) There are no releases to the river from the 400 Area.

(g) Includes consumption of all foodstuffs contaminated via irrigation water and external exposure to ground

contaminated via irrigation.

(h) Consumption of fish taken from the Columbia River.

10

Dose, person-rem

E I l B FR
1988 1989 1990 1991 1992
$9203058.93

Figure 6.3. Calculated Effective Dose Equivalent
to the Population Within 80 km (50 mi) of the
Hanford Site, 1988 Through 1992

* inhalation of radionuclides (principally 2****Pu and
2 Am) that were released to the air from the PUREX
Plant stack (19%).

The average per capita dose from 1992 Hanford opera-
tions, based on a population of 380,000 within 80 km
(50 mi), was 0.002 mrem (2 x 10> mSv). This dose
estimate may be compared with doses from other
routinely encountered sources of radiation, such as
natural terrestrial and cosmic background radiation,
medical treatment and x rays, natural radionuclides in the
body, and inhalation of naturally occurring radon. The
national average radiation doses from these other sources
are illustrated in Figure 6.4. The estimated per capita
dose to individual members of the public from Hanford
sources is a small fraction (approximately 0.0007%) of
the annual per capita dose (300 mrem) from natural
background sources.

The doses to the MEI and to the 80-km (50-mi) popula- '

tion from Hanford effluents are compared to appropriate
standards and natural background radiation in Table 6.3.
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Cosmic, 30 mrem

Terrestrial, 30 mrem
A Internal, 40 mrem

Medical X-Ray, 39 mrem

Radon, 200 mrem

Nuclear Medicine, 14 mrem

Consumer Products, 10 mrem

Other, €2 mrem

[ ] Natural, 300 mrem Occupational 1 mrem
‘ Fallout < 1 mrem
Consumer Products Nuclear Fuel Cycle 0.04 mrem
and Medical, 65 mrem Miscellaneous 0.04 mrem
$9203058.94

Figure 6.4. National Annual Average Radiation Doses from Various Sources (mrem) (NCRP 1987)

Table 6.3. Summary of Doses to the Public in the Vicinity of Hanford from Various Sources, 1992

Maximum Individual, 80-km Population,
Source mrem® person-rem®

All Hanford effluents® 0.02 0.8
DOE limit A 100 -
Percent of DOE limit 0.02% --=
Background radiation 300 110,000
Hanford doses percent of

background 0.007% 0.0007%
Doses from gaseous effluents 0.004 -
EPA air standard 10 ---
Percent of EPA standard 0.04% ---

(a) To convert the dose values to mSv or person-Sv, divide them by 100:
(b) Calculated with the GENII code (Napier et al. 1988a, 1988b, 1988c).
(c) Calculated with the EPA CAP-88 code.
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This table shows that the calculated doses from Hanford
operations in 1992 are a small percentage of the stan-
dards and of natural background.

Doses from Other Than
DOE Sources

DOE maintains an awareness of other artificial sources
of radiation (other than DOE artificial sources), which if
combined with the DOE sources might have the potential
to exceed a dose contribution to any member of the
public of 10 mrem (0.1 mSv). Various non-DOE
industrial sources of public radiation exposure exist at or
near Hanford. These include the low-activity commer-
cial radioactive waste burial ground at Hanford operated
by U.S. Ecology, the nuclear generating station at
Hanford operated by Washington Public Power Supply
System (Supply System), the nuclear fuel production
plant operated by Siemens Nuclear Power Corporation,
the commercial low-activity radioactive waste compact-
ing facility operated by Allied Technology Group
Corporation, and a commercial decontamination facility
operated by Pacific Nuclear Services (Figure 6.1). With
information gathered from the mentioned companies, it
was conservatively determined that the total 1992
individual dose from their combined activities is on the
order of 0.05 mrem (0.0005 mSv). Therefore, the
combined dose from Hanford area non-DOE and DOE
sources to a member of the public for 1992 was well
below any regulatory dose limit.

Hanford Public Radiation
Dose in Perspective

Several scientific studies (NRC 1980, 1990; UNSCEAR
1988) have been performed to estimate the potential risk
of developing detrimental health effects from exposure
to low levels of radiation. These studies have provided
vital information to those government and scientific
organizations that recommend radiation dose limits and
standards for public and occupational safety.

Although increased incidence of health effects from low
doses of radiation has not actually been confirmed by the
scientific community, most scientists accept the conser-
vative hypothesis that low-level doses increase the
probability that these effects will occur. Regulatory

agencies conservatively (cautiously) assume that the
probability of health effects at low doses (down to zero)
is proportional to the probability of health effects that
have been observed historically at much higher doses
(atomic bomb victims, radium dial painters, etc.).
Therefore, using conservative assumptions, one can infer
that even the natural background radiation (which is
many hundreds of times greater than radiation from
Hanford releases) increases each person’s probability or
chance of developing a detrimental health effect.

Scientists do not agree about how to translate the
available data on health effects into the numerical
probability (risk) of detrimental effects from low-level
radiation doses. Some scientific studies have even
indicated that low-level radiation doses may be benefi-
cial (HPS 1987). Because the rate of cancer and heredi-
tary diseases in the general population may be caused by
a multitude of sources (e.g., genetic defects, sunlight,
chemicals, and background radiation), some scientists
doubt that the risk from low-level radiation exposure will
ever be determined accurately. The EPA has used a
probability value of approximately 4 per 10 million (4 x
107) for the risk of developing a fatal cancer after
receiving a dose of 1 mrem (0.01 mSv) in developing
Clean Air Act regulations (EPA 1989). Recent data
(NRC 1990) support the reduction of this risk value,
possibly to zero, for certain types of radiation when the
dose is spread over an extended time.

Government agencies are trying to determine what level
of risk is safe for members of the public exposed to
pollutants from industrial activities (for example, DOE
facilities, nuclear power plants, chemical plants, and
hazardous waste sites). All of these industrial activities
are considered beneficial to people in some way, such as
providing electricity, national defense, waste disposal,
and consumer products. These government agencies
have a complex task in establishing environmental
regulations that control levels of risk to the public
without unnecessarily reducing the needed productivity
of the industry.

The public is subjected to some incremental risks from
exposure to industrial pollutants (radiological and
nonradiological). These risks can be kept in perspective
by comparing them to the increased risks involved in
other typical activities. For instance, two added risks
that an individual receives from flying on an airline are
the risks of added radiation dose (stronger cosmic
radiation field at higher altitude) and the possibility of
being in an aircraft accident. Table 6.4 compares the
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Table 6.4.

Potential Radiation Doses from 1992 Hanford Operations

Estimated Risk from Various Activities and Exposures®

Activity or Exposure Per Year Risk of Fatality

Riding or driving in a passenger vehicle (300 miles) 2 x 109%™
Home accidents 100 x 10%®
Drinking 1 can of beer or 4 ounces of wine per day 10 x 10°

(liver cancer/cirrhosis)
Pleasure boating (accidents) 6 x 10°®
Firearms, sporting (accidents) 10 x 10°®
Smoking 1 pack of cigarettes per day (lung/heart/other diseases) 3600 x 10°¢
Eating 4 tablespoons of peanut butter per day (liver cancer) 8 x 10°
Eating 90 pounds of charcoal-broiled steaks 1x 10°¢

(gastrointestinal-tract cancer)
Drinking chlorinated tap water (trace chloroform—cancer) 3x 10
Taking contraceptive pills (side effects) 20 x 10°
Flying as an airline passenger (cross country roundtrip—accidents) 8 x 10®
Flying as an airline passenger (cross country roundtrip—radiation) 0to5x 10°
Natural background radiation dose (300 mrem, 3 mSv) 0to 120 x 10°
Dose of 1 mrem (0.01 mSv) Oto 0.4 x 10°

Dose to the maximally exposed individual living near Hanford

in 1992 (0.02 mrem, 0.0002 mSv)

0 to 0.008 x 10¢

(a) These values are generally accepted approximations with varying levels of uncertainty; there can be signifi-
cant variation as a result of differences in individual lifestyle and biological factors (Ames et al. 1987; Atallah
1980; Dinman 1980; Wilson and Crouch 1987; Travis and Hester 1990).

(b) Real actuarial values. Other values are predicted from statistical models. For radiation dose, the values are
reported in a possible range from the least conservative (0) to the currently, accepted most conservative value.

estimated risks from various radiation doses to the risks
of some activities encountered in everyday life.

Another way of looking at the risk of detrimental health
effects from Hanford radioactive releases is illustrated in
Table 6.5. Listed are some activities considered approxi-
mately equal in risk to the hypothetical risk from the
potential radiation dose received by the MEI from
Hanford releases in 1992.

Dose Rates to Animals

Conservative (upper) estimates have been made of the
potential radiation dose to “native aquatic animal
organisms,” in accordance with a DOE Order 5400.5
interim requirement for management and control of
liquid discharges. Potential radiation dose rates during

1992 were calculated for several possible exposure
modes, including exposure to water entering the Colum-
bia River from springs near the 100-N Area, and inter-
nally deposited radionuclides measured in samples of
fish and waterfowl collected from the Columbia River
and in samples of waterfow] and terrestrial animals
collected onsite.

Because the volumetric flow of the springs at the 100-N
Area is so low, no aquatic animal can live directly in
this seep water. Exposure to the radionuclides from the
springs cannot occur until the seep water has been
noticeably diluted in the Columbia River. The unlikely
assumption was made that a few aquatic animals might
be exposed to the spring water after dilution atonly

10 to 1 by the river. Radiation doses were calculated for
several different types of aquatic animals, using highly
conservative assumptions and the computer code
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Table 6.5. Acitivities Comparable in Risk to That
from the 0.02-mrem Dose Calculated for the 1992
Maximaily Exposed Individual

Driving or riding in a car 2 km (1.2 mi)

Smoking 1/60 of a cigarette

Flying 5 km (3.1 mi) on a commercial airline

Eating 1 1/3 tablespoons of peanut butter

Eating one 0.3-kg (12-ounce) charcoal-broiled steak

Drinking about 1.9 L (2 quarts) of chlorinated tap water

Being exposed to natural background radiation for about
40 minutes in a typical terrestrial location

Drinking about one-third of a can of beer or one-fourth a
glass of wine per week for a year

CR1TR2 (Baker and Soldat 1992). The animal receiving
the highest potential dose was calculated to be a duck
consuming aquatic plants. However, a duck would have

to spend 50% of its time in the one-tenth spring water
consuming only plants growing there to receive a
radiation dose of 1 rad/d. Thus, it is highly unlikely that
any native aquatic animal organism actually received a
dose as high as the 1 rad/d-limit given in DOE Order
5400.5.

Doses were also estimated for clams, fish, and waterfowl
exposed to Columbia River water containing a mixture
of all the radionuclides reaching the Columbia River
from Hanford sources during 1992. The highest poten-
tial dose was for a plant-eating duck, 2 x 10~ rad/d.

Dose estimates based on the maximum concentrations of
137Cs measured in muscle of animals collected onsite
ranged from 5 x 107 rad/d for carp and rabbit to 3 x 10°
rad/d for the maximum duck. Doses to the bone of these
animals were calculated from measured values of *°Sr.
The dose estimates ranged from 1 x 107 rad/d for the fish
to 6 x 1073 rad/d for rabbit and deer.
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7.0 Quality Assurance

Quality assurance (QA) and quality control (QC) practices
encompass all aspects of Hanford Site environmental
monitoring and surveillance programs. Samples are
analyzed according to documented standard analytical
procedures. Analytical data quality is verified by a
continuing program of internal laboratory QC, participa-
tion in interlaboratory cross-checks, replicate sampling
and analysis, submittal of blind standard samples and
blanks, and splitting samples with other laboratories.

QC for ground-water environmental surveillance also
includes procedures for 1) documenting instrument
calibrations and procedures used in the field and labora-
tory, 2) scheduling maintenance of wells to ensure
structural integrity, 3) inspecting wells using downhole
video cameras and other devices, and 4) using dedicated
sampling pumps to avoid cross-contamination.

This section discusses specific measures taken to ensure
quality in project management, sample collection, and
analytical results.

Environmental
Surveillance

Comprehensive QA programs, including various QC
practices, are maintained to ensure the quality of data
collected through the surveillance programs. QA plans
are maintained for all surveillance activities, defining the
appropriate controls and documentation required to meet
the guidance of the American Society of Mechanical
Engineers (ASME) NQA-1 QA program document (U.S.
nuclear industry’s standard, ASTM 1989) and DOE
Orders.

Project Management
Quality Assurance

Site surveillance and related programs, such as process-
ing of TLDs and dose calculations, are subject to an
overall QA program. This program implements the
requirements of RL Order RL 5700.1A, “Quality

Assurance,” and is based on ASME NQA-1, Quality
Assurance Program Requirements for Nuclear Facilities
(ASME 1989). The program is defined in a QA manual
(PNL 1991). The manual provides guidance for imple-
mentation by addressing 18 QA elements. These are:

Organization

Quality Assurance Program

Design Control

Procurement Document Control
Instructions, Procedures, and Drawings
Document Control

Control of Purchased Items and Services
Identification and Control of Items
Control of Processes

10. Inspection

11. Test Control

12.  Control of Measuring and Test Equipment
13. Handling, Storage, and Shipping

14. Inspection, Test, and Operating Status
15. Control of Nonconforming Items

16. Corrective Action

17. Quality Assurance Records

18. Audits.

0NN R WD =

o

The environmental surveillance projects have current QA
plans that describe the specific QA elements that apply to
each project. These plans are approved by a QA organi-
zation that conducts surveillances and audits to verify
compliance with the plans. Work performed through
contracts, such as sample analysis, must meet the same
QA requirements. Audits of potential equipment and
services suppliers are conducted before awarding
contracts for services or approving purchase requisitions
having significant impact on a project’s quality.

Sample Collection Quality
Control

Environmental surveillance samples were collected by

staff trained to conduct sampling according to approved
and documented procedures. Continuity of all sampling
location identities is maintained through documentation.
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Samples for ground-water hazardous chemical monitor-
ing are sealed with evidence tape to prevent tampering
and transported to the laboratory in accordance with the
chain-of-custody procedures required by the EPA for
RCRA monitoring programs.

Analytical Results Quality
Control

Routine radiochemical analyses for environmental
surveillance samples are performed by International
Technology Corporation’s (IT) Richland laboratory.
Analytical quality at the laboratory is evaluated in a
number of ways. IT’s Richland laboratory participates in
the DOE’s Quality Assessment Program and the EPA’s
Laboratory Intercomparison Studies. PNL conducts an
additional QC program. IT’s Richland laboratory also
maintains an internal QC program, which PNL audits
and reviews. Other audits and comparisons are con-
ducted on specific types of samples. A final QC check
of data is performed by a computerized screening of
results against project-specific criteria. Anomalous
results are reported, and discrepancies resolved and
documented. Additional information on these efforts is
provided in the following subsections.

U.S. Department of Energy and U.S.
Environmental Protection Agency
Comparison Studies

IT’s Richland laboratory participated in the DOE’s
Quality Assessment Program and EPA’s Laboratory
Intercomparison Studies Program. These programs pro-
vide standard samples of various environmental media
(water, milk, air filters, soil, and foodstuffs) containing
specific amounts of one or more radionuclides that are
unknown by the participating laboratory. After sample
analyses, the results were forwarded to DOE and EPA
for comparison with known values and results from other
laboratories. Both EPA and DOE have established cri-
teria for evaluating the accuracy of results (Jarvis and Siu
1981; Sanderson 1985). Summaries of the 1992 results
for the programs are provided in Tables 7.1 and 7.2.
Approximately 93% of the results during the year were
within the typically used “3-sigma control limits” (3
standard errors of the mean). This level of performance
was determined to be acceptable and was among the best
of participating radiochemistry laboratories.

Pacific Northwest Laboratory
Evaluations

In addition to DOE and EPA interlaboratory QC pro-
grams, a QC program is maintained by PNL to evaluate
analytical contractor precision and accuracy and to
conduct special intercomparisons. This program
includes the use of blind samples and replicate samples.
Blind standard QC samples and blanks are prepared and
submitted to check the accuracy and precision of IT”s
analyses. The methods used to determine accuracy and
precision acceptability were taken from the EPA and
DOE (Jarvis and Siu 1981; Sanderson 1985). In 1992,
blind and blank samples were submitted in air filters,
soil, water, and wine. Overall, IT reported that 75% of
requested QC analytes were within control limits

(Table 7.3). This program identified a potential problem
in the gamma spectroscopy software, which has been
corrected. The deficiency involved short-lived radionu-
clides that are not normally found in environmental
media currently submitted for analysis.

PNL also participates in a Quality Assurance Task Force
(QATF), a program conducted by the Washington State
Department of Social and Health Services. Two environ-
mental media samples and an EPA reference water
sample were analyzed in triplicate by up to six other
participating laboratories in the Pacific Northwest

(Table 7.4). The IT results submitted by PNL compared
favorably with those of other participating laboratories
for *H, K and *"Cs. Strontium-90 results were lower
than expected for the EPA reference water and the Bull
Run Lake sediment.

Laboratory Internal Quality Control
Programs

IT’s Richland laboratory is required to maintain an
internal QC program, and PNL audited and reviewed
their compliance with this program. The internal QC
program involves routine calibrations of counting
instruments, yield determinations of radiochemical
procedures, frequent radiation check source and back-
ground counts, replicate and spiked samples analyses,
maintenance of control charts to indicate analytical
deficiencies, and analyses of reagents to ensure purity of
processing chemicals. Available calibration standards
traceable to the National Institute of Standards and
Technology were used for radiochemical calibrations.
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Table 7.1. International Techndlogy Corporation Performances on DOE Quality Assessment Program
Samples, 1992

Number Number
of Results Within Control

Sample Media Radionuclides Reported Limits®
Air filters "Be, *Mn, Co, %°Co, **Cs, 7 6

]37CS, 144Ce
SOll 40K QOSr, 137CS 238Pu 239.240Pu - 7 5

#Am, U (mass)
Vegetation 40K, ¥Cs 2 2
Water 54Mn, $°Co, *°Sr, **Cs, ''Cs, *“Ce, 10 9

238py, ' Am, U (mass)

(a) Control limits are from Sanderson (1985).

Table 7.2. International Technology Corporation Performances on EPA Intercomparison Program
Samples, 1992

Number Number
of Results Within Control

Sample Media Radionuclides Reported Limits®
Water Total alpha, total beta, 33 33

65Zn’ 60C0, 106Ru, lSIL

133Ba’ 134CS, 137CS
Water 26Rga, 28Ra, U (mass), 2***Pu 11 11
Water . 88r, *Sr 6 6
Water *H 2 2
Milk 88r, %Sr, ¥, ¥Cs 8 5
Air filters Total alpha, total beta 12 12

0Gr, 13Cs

(a) Control limits are from Jarvis and Siu (1981).
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Table 7.3.

Sample Media

Air filters

Soil

Water

Wine

(a) Control limits are from Jarvis and Siu (1981).

Radionuclides

Mn, 'Co, °°Co,
191Cs, 14Ce, 24U,
138[J 239.240py

137CS 241Am 238U
] ) ’

239,240Pu

2Na, %*Mn, 5'Co,
9Co, 657Zn, %S,
1Cs, #Ce, '“Eu

BH’ 54Mn’ 134CS

Number of

Results Reported

24

12

31

18

International Technology Corporation Performances on PNL Quality Control Samples, 1992

Number

Within Control

Limits®

24

12

17

11

Table 7.4.

by IT are compared against grand mean (= 2 SEM) of participating laboratories.

Radionuclide

*H
PNL (IT)
Other

40K
PNL (IT)
Other

60C0
PNL (IT)
Other

QOSr
PNL (IT)
Other

137CS
PNL (IT)
Other

Comparison of Quality Assurance Task Force 1992 Intercomparison Samples. PNL analyses

(a) Bull Run Lake is near Portland, Oregon.

(b) Samples were not acidified. Lower value may indicate plating out of ®Co on container walls.

Media
Bull Run Lake®  Ground-water EPA Reference Water

No. of sediment, well 199-N-56, Expected
Samples pCi/g dry pCiy/L pCi/L Value, pCi/L

3 16,600 + 350 18,600 + 180 19,455

15 15,900 £ 850 18,900 + 910 19,455

3 481 £ 0.51

18 5.06 +0.37

3 72 +£09

7 2.6 +£04®

3 0.30 £ 0.05 230 + 25 356 £2.8 48
81to 11 048 +0.10 205 £ 45 41.1 £ 63 48

3 9.05 +0.36 23.8 £5.5 22
14 t0 18 103 +0.72 23.0 £23 22
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In 1992, the PNL Process Quality Department (PQD)
conducted one formal audit and participated in two
inspections of IT. These audits and inspections docu-
ment conformance with contractual requirements of the
analytical facility and provide the framework for
identifying and resolving potential performance prob-
lems. Responses to audit and inspection findings are
documented by written communication, or follow-up
audits and inspections by project and PQD staff.

Internal laboratory QC program data are summarized by
IT in quarterly reports to PNL. These reports indicate
that during 1992 approximately 38% of all analyses
performed were QC analyses, including blanks, spikes,
and duplicates. The results of these analyses and the
observations noted in each report were found to indicate
an acceptably functioning QC program.

Verification of minimum detectable concentration
(MDC) requirements for specific radionuclide-media
combinations (for example, *Sr in air) was initiated with
the IT contract. MDC verification is conducted (when
requested) for up to five radionuclide-media combina-
tions for analyses performed during the previous month.
Equation 37 from Chapter 6 in EPA 520/1-80-012 (EPA
1980a) is used in the MDC calculations, which involves
the use of factors such as the average counting efficien-
cies and background for detection instruments, length of
time for background and sample counts, sample volumes,
radiochemical yields, and a predesignated uncertainty
multiplier. The MDC verification is used to document
historical performance to project detection goals. As of
this report writing, 12 MDC verification reports had been
completed for 59 radionuclide-media combinations,
indicating that 42 MDCs had been achieved. Eleven of
the seventeen radionuclide-media combinations not
meeting MDC requirements involved *H analysis.

Sample-Specific Audits and
Comparisons

Additional audits and comparisons are conducted on
several specific types of samples. The State of
Washington routinely collected samples of various
environmental media and measured external radiation
levels at muitiple locations during 1992. The results
from the state monitoring program were reviewed and
indicated good agreement between TLD measurements
(approximately 10% variation), total beta measurements
in air (approximately 20% variation), and *’Sr measure-
ments in alfalfa (approximately 10% variation).

Quality Assurance

Quality control for environmental TLDs includes the
audit exposures of three environmental TLDs to known
values of radiation (between 16 and 29 mR), which are
routinely processed quarterly. A summary of 1992
results is shown in Figure 7.1. On average, the TLD
measurements were biased 2% lower than the known
values. The average percent bias was calculated from

measured - known value
D x 100%
known value

Number of TLDs

Effluent Monitoring

The WHC facility effluent and near-facility environmen-
tal monitoring programs are subject to the QA program
defined in Quality Assurance Manual (WHC 1989).
The PNL effluent monitoring program is subject to the
QA program defined in Quality Assurance Manual
(PNL 1991). These QA programs comply with RL
Order 5700.1A, “Quality Assurance,” (1989 edition,
without addenda) and use ASME NQA-1, Quality
Assurance Program Requirements for Nuclear Facilities
(ASME 1989), as their basis. The program also adheres
to the U.S. Environmental Protection Agency (EPA)
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Figure 7.1. Comparison of Thermoluminescent
Dosimeter Results with Known Exposures, 1992
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guidelines in Interim Guidelines and Specifications for
Preparing Quality Assurance Project Plans (EPA
1980b) and Data Quality Objectives for Remedial
Response Activities (EPA 1987).

The facility effluent and near-field environmental moni-
toring programs each have a QA project plan describing
specific QA elements that apply to the program. These
plans are approved and monitored by the contractor QA
function, which conducts surveillances and audits to ver-
ify compliance with the plans. Work performed through
contracts, such as sample analysis, must meet the same
QA requirements. Audits of potential equipment and
service suppliers are conducted by the regulatory support
function before awarding contracts for services or
approving purchase requisitions having significant
impact on a project’s quality.

Sample Collection Quality
Assurance

Effluent and near-facility operational monitoring samples
are collected by staff trained to conduct sampling accord-
ing to approved and documented procedures. Locations
routinely sampled are accurately identified and docu-
mented to assure continuity of near-facility sample data
for those sites. Sample location descriptions and proce-
dures are in Operational Environmental Monitoring
(WHC 1991b) for WHC sampling and in controlled
procedures for PNL sampling.

Analytical Results Quality
Assurance

PNL’s effluent samples are analyzed by IT's Richland
Laboratory and PNL Radiation Protection Section. The

222-S Analytical Laboratory, located in the 200-West
Area of the Site, analyzes most routine WHC effluent
samples and many near-facility environmental samples
for chemical and radioactive constituents. Low-level
radioactive environmental samples taken for the near-
facility environmental monitoring program are sent to
IT’s Richland laboratory for analysis. Samples that have
a potential of higher levels of contamination are submit-
ted to the 222-S Analytical Laboratory.

The quality of the analytical data are assured by several
means. Counting room instruments, for instance, are
kept within calibration limits through daily checks, the
results of which are stored in a computer database to
efficiently control tracking. Radiochemical standards
used in analyses are regularly measured and the results
reported and tracked. Formal, written laboratory pro-
cedures are used in analyzing samples. Analytical pro-
cedural control is ensured through administrative pro-
cedures. Chemical technologists at the laboratory
qualify to perform analyses through formal classroom
and on-the-job training.

For years the 222-S Analytical Laboratory has partici-
pated in the EPA Environmental Monitoring and Sur-
veillance Laboratory intercomparison program and the
DQOE Environmental Measurements Laboratory Quality
Assessment Program. Sometimes the concentrations of
the standards are less than the established detection
limits of the laboratory methods. Performance in these
programs provides an analytical baseline to compare
with analysis results obtained in the future waste sam-
pling and characterization facility. Analytical summaries
of the Laboratory’s participation in the two programs are
shown in Tables 7.5 and 7.6.
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Table 7.5. 222-S Analytical Laboratory Performance on DOE Quality Assessment Program Samples, 1992

Sample Media

Air Filters

Soil
Vegetation

Water

Radionuclides

Be, **Mn,*Co,
134Cs, 197Cs, 14Ce

WK1
40K 13Cs
*H, %Mn, “Co, *Sr,

13 CS ]37CS ! Ce
s k) 3
238Pu

(a) Control limits are from Sanderson (1985).

Number
of Results
Reported

13

19

Number
Within Control
Limits®

12

19

Table 7.6. 222-S Analytical Laboratory Performance on EPA Intercomparison Program Samples, 1992

Sample Media

Air filters

Alpha, beta, and gamma
emitters in water

Water

Tritium in water

Radionuclides

Total alpha,
total beta, *Cs

Total alpha,
total beta®, °Co,
6SZn ]06Ru 133Ba
134Cs 137Cs

U (natural), **Pu

*H

(a) Control limits are from Jarvis and Siu (1931).
(b) The levels of the EPA samples are usually less than 50 pCi/L and the sample size 500 mL, which places them

at or below background levels at the 222-S Analytical Laboratory.

Number
of Results

Reported

6

34

Number
Within Control
Limits®

30

26®

(c) Performance differences exist in analyzing beta samples because the instruments at the 222-S Analytical
Laboratory are calibrated with a *°Co source but the EPA known values are based on %Sr calibration.
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Appendix A

Additional Monitoring Results for 1992

This Appendix contains additional information on 1992
monitoring results, supplementing the data summarized in
the main body of the report. More detailed information is
available in the'accompanying 1993 report by L. E. Bisping

and R. K. Woodruff, Hanford Site Environmental Data for
Calendar Year 1992—Surface and Columbia River
(PNL-8683, Pacific Northwest Laboratory, Richland,
Washington).
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Table A.4. Radionuclide Concentrations Measured in Columbia River Water Along Cross Sec-
tions Established at the Vernita Bridge and Richland Pumphouse, 1992

No. of Concentration,™ pCi/LL

Radionuclide Samples Maximum Minimum Average
Vernita Bridge
*H 16 43+ 6 26 £ 8 37 +£2
#Sr 16 0.14 £ 0.03 0.05 £ 0.03 0.09 + 0.01
SV 16 0.30 £ 0.05 0.20 + 0.05 0.24 + 0.01
By 16 0.06 + 0.06 0.001 £ 0.009 0.012 = 0.007
Eall) 16 0.23 £ 0.04 0.04 = 0.06 0.18 £ 0.02
U-Total 16 0.51 £ 0.07 0.35 £ 0.06 0.43 £ 0.02
Richland Pumphouse
*H 40 126 £ 4 342 50£7
“Sr 40 0.13 £ 0.04 -0.008 + 0.025 0.082 + 0.07
By 40 0.37 £ 0.05 0.19 + 0.04 0.25 = 0.01
) 40 0.03 £ 0.02 -0.001 £ 0.007 0.009 = 0.002
By 40 0.34 £ 0.05 0.14 £ 0.03 0.20 = 0.01
U-Total 40 0.73 £ 0.08 0.35 £ 0.06 0.46 = 0.02

(a) Maximum and minimum values are +2 sigma counting errors. Averages are +2 times the standard error of the
calculated mean (2 SEM).
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Addlitional Monitoring Results for 1992

Table A.7. Summary of Cesium-137 ("¥Cs) in Milk, 1992 Compared to Values from the Previous 5 Years

(pCi/L)
1992 19987-1991

No. Less Than No. Less Than
Radionuclide Maximum® Mean®™ Detection® Maximum® Mean® Detection'”
Downwind
Wahluke Area 2.24 £190% 0.32 = 640% 4 0f 4 7.69 + 100% 0.5 +100% 53 of 56
Sagemoor 691+ 60% 1.07 = 80% 23 of 27 855+ 43% 0.64+ 60% 116 of 129
Upwind
Sunnyside 103 £300% -0.93 + 170% 4 of 4 10.8 = 40% .17+ 40% 90 of 107

(a) Maximum is £2 sigma analytical propagated error, expressed as a percentage.
(b) Mean is ¥2 SEM, expressed as a percentage.
(c) Number of samples less than detection out of number of samples analyzed.

Table A.8. Strontium-90 (*Sr) in Leafy Vegetables, 1992 Compared to Values from the Previous 5 Years

(pCi/dry weight)
1992 1987-1991 .

No. Less Than No. Less Than
Radionuclide =~ Maximum® Mean® Detection' Maximum® Mean® Detection'”’
Downwind
Wahluke Area NS@ NS NS 0.021 = 30% 0.010 = 60% 3 of 8
Sagemoor 0.011 £50%  0.0096 + 40% 0of3 0.053 £20% 0.0071 £120% 4 of 12
Riverview 0.0012 + 220% - lofl 0.0027 £ 30% 0.0096 £ 50% 5 of 15
Upwind
Sunnyside 0.027 + 30% 0.024 £ 10% 0of3 0.026 £30%  0.059 + 60% 8 of 15

(a) Maximum is 2 sigma analytical propagated error, expressed as a percentage.
(b) Mean is ¥2 SEM, expressed as a percentage.

(¢) Number of samples less than detection out of number of samples analyzed.
(d) NS = no sample.
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1992 Environmental Report

Table A.9. Cobalt-60 (5°Co), Strontium-90 (*°Sr), and Cesium-137 (¥Cs) in Riverview Carrots, 1992
Compared to Values from the Previous 5 Years (pCi/dry weight)

1992 1987-1991
No. Less Than No. Less Than
Radionuclide Maximum® Mean® Detection® Maximum® Mean® Detection®
Co 0.0011 = 70% 0of 1 0.0069 £140% 0.00034 *+ 630% " 150f 18
0Sr 0.012 =+ 40% 0.0066 £ 90% 10of3 0.013 + 40% 0.0064 * 30% 3of 15
137Cs 0.0025 +260% 1of1 0.0076 + 70% 0.00071 + 230% 14 of 15

(a) Maximum is £2 sigma analytical propagated error, expressed as a percentage.
(b) Mean is £2 SEM, expressed as a percentage.
(¢) Number of samples less than detection out of number of samples analyzed.
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Table A.11. Summary of Strontium-90 (*°Sr) in Carp Carcass and Cesium-137 ('¥Cs) in Carp Muscle, 1992

Compared to Values from 1990 and 1991 (pCi/g wet)

1992 1990 -1991
No. No.
Less Than Less Than
Location Maximum® Mean® Detection® Maximum® Mean® Detection®®
Sr in Carcass
100-N Area 0.011 £ 70% Oof 1 0.420 £ 20% 0.11 £ 80% 0of 10
300 Area 0.046 £ 20% 0.025 £ 50% 0of 5 0.036 £ 30% 0.019 £ 60% Oof 5
Vantage!® 0.110 £ 20% 0.059 £ 20% 0of 13
137Cs in Muscle
100-N Area 0.01 £ 90% Oof 1 0.04 + 30% 0.02+50% 50f 10
300 Area 0.02 £ 100% 0.01 +50% 30of5 <0.01£190% <0.004+70% S5of 5

Vantage®

0.01 £ 60%

0.007+£40% 60f 13

(a) Maximum is the concentration in pCi/g £2 sigma analytical propagated error, expressed as a percentage.

(b) Mean is pCi/g £2 standard error, expressed as a percentage.

(c) Number of samples less than detection out of number of samples analyzed.

(d) Collected in 1990 and 1991.
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Ad(ditional Monitoring Results for 1992 '

Table A.12. Concentrations of Strontium-90 (%°Sr) in Whitefish Carcass and Cesium-137 (*¥’Cs) in Whitefish
Muscle, 1992 Compared to Values from the Previous 5 Years (pCi/g wet weight)

1992 1987-1991
No. Samples No. Samples
Less Than Less Than
Location Maximum® Mean® Detection® Maximum® Mean® Detection®
9Sr in Carcass
100-N to 100-D
Areas 0.032 £ 20% 0.013 £40% 0of 9 0.064 £ 20% 0.019 £20% 0of 36
300 Area 0.046 £ 20% 0.025 +50% 0of5 0.036 £30% 0.019 £ 60% Oof5
Kettle River@ 0.048 + 40% 0.035 £20% 0of9
37Cs in Muscle
100-N to 100-D
Areas 0.17 £20% 0.04 +£70% 30f9 0.06 = 60% 0.02 £ 40% 27 of 41
300 Area 0.03 + 60% 0.01+70% 7 of 10 <0.04 £110% <0.01 +90% 0of 7
Kettle River? 0.04 + 70% 0.003 £410% 80of 9

(a) Maximum is the concentration in pCi/g +2 sigma total error, expressed as a percentage.

(b) Mean is pCi/g £2 standard error, expressed as a percentage.
(¢) Number of samples less than detection out of number of samples analyzed.
(d) Collected in 1991.
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Table A.13. Summary of Plutonium-238 (*¢Pu) and Plutonium-239,240 (?**24Pu) in Rabbit Liver, 1992
Compared to Values from the Previous 5 Years (pCi/g wet weight)

1992 1987-1991
No. Less Than No. Less Than

Location/Species ~ Maximum® Mean® Detection® Maximum® Mean® Detection'”

238Pu

200-East Area/ <0.0003 = 100% <0.00008 + 210% Oof4 <0.0003 £ 150% 0.00007 £ 90% 13 of 13
jackrabbit

200-West Area/ <0.0003 = 130% <0.00007 £ 200% Oof4 <0.0005 £ 160% 0.00009 £ 160% 8of 9
jackrabbit

100-N Area/ <0.0009 = 440% <0.0002 * 340% Oof4 0.99 + 10% 0.082 £ 60% 12 of 14
cottontail

" Boardman, OR®/ .

jackrabbit <0.00006 + 240% <-0.000001 = 4,300% 10of 10
cottontail <0.0002 £ 240% <-0.00001 = 1,000% 10 of 10

239,240Pu

200-East Area/ 0.0008 £ 60% 0.0005 £ 70% 20f4 0.0009 £ 60% 0.0004 + 60% 8 of 13
jackrabbit

200-West Area/ 0.0006 = 80% 0.0004 £ 60% 2of4 0.0073 £ 20% 0.0019 = 100% 50f 9
jackrabbit

100-N Area/ <-0.00003 £ 3,400% <-0.00003 + 80% Oof4 6.7+ 10% 0.55+ 60% 10 of 14
cottontail

Boardman, ORY/
jackrabbit <0.0005 = 370% <-0.00004%+ 90% - 10of 10
cottontail <0.0005 = 240% <-0.00005 = 300% 10 of 10

(a) Maximum is the concentration in pCi/g 22 sigma analytical error, expressed as a percentage.
(b) Mean is pCi/g 2 standard error, expressed as a percentage.

(c) Number of samples less than detection out of number of samples analyzed.

(d) Collected in 1990.
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Additional Monitoring Results for 1992

Table A.14. Summary of Strontium-90 (*°Sr) in Deer Bone and Cesium-137 (¥’Cs) in Deer Muscle, 1992
Compared to Values from the Previous 5 Years (pCi/g wet weight)

1992 1987-1991
No. No.
Less Than Less Than
Location Maximum® Mean® Detection® Maximum® Mean® Detection®
%Sr in Bone
200 Areas NS@ NS NS 0.71 £30% 0.59 + 40% 20f2
100-N Area 20.8 +30% 8.1+20% 0of3 58.3+20% 153+190% 4ofé4
Stevens County 0.8 £20% 0.59 + 30% Oof2 NS NS NS
37Cs in Muscle
200 Areas 0.006 £+ 50% NS 1ofl 0.006 + 80% 0.005 = 40% 1of2
100-N Area 0.02 +40% 0.004 £ 60% 1of3 0.03+30% 001 +140% 20f4
Stevens County 0.52+10% 0.43 £40% Oof2 NS NS NS

(a) Maximum is the concentration in pCi/g £2 sigma total error, expressed as a percentage.
(b) Mean is pCi/g +2 standard error, expressed as a percentage.

(c) Number of samples less than detection out of number of samples analyzed.

(d) NS =no sample. -
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Appendix B

Glossary

activation product - Material made radioactive by
exposure to radiation from a source such as a nuclear
reactor’s neutrons.

air submersion dose - Radiation dose received from
external exposure to radioactive materials present in the
surrounding atmosphere.

aquifer - Permeable geologic unit that can transmit
significant quantities of water.

background radiation - Radiation in the natural
environment, including cosmic rays from space and
radiation from naturally occurring radioactive elements
in the air, in the earth, and in our bodies. In the United
States, the average person receives about 300 millirems
(mrem) of background radiation per year.

bank storage - Hydrologic term that describes river
water that flows into and is retained in permeable stream
banks during periods of high river stage. Flow is
reversed during periods of low river stage.

becquerel (Bq) - Unit of activity equal to one nuclear
transformation per second (1 Bq =1/s). The conventional
unit of activity, the curie, is related to the becquerel
according to 1 Ci = 3.7 x 10'° Bq.

boundary dose rate - Dose rate measured or calculated
at publicly accessible locations on or near the Hanford
Site.

composite sample - Sample formed by mixing discrete
samples taken at different points in time or from different
locations.

confined aquifer - An aquifer bounded above and below
by less permeable layers. Ground water in the confined
aquifer is under a pressure greater than atmospheric
pressure.

continuous sample - Sample formed by the continuous
collection of the medium or contaminants within the
medium during the entire sample period.

controlled area - An area to which access is controlled
to protect individuals from exposure to radiation or
radioactive and/or hazardous materials.

cosmic radiation - High-energy subatomic particles and
electromagnetic radiation from outer space that bombard
the earth. Cosmic radiation is part of natural background
radiation.

curie (Ci) - A unit of radioactivity equal to 37 billion
(3.7 x 10" nuclear transformations per second.

decay - The decrease in the amount of any radioactive
material with the passage of time, due to the spontaneous
emission from the atomic nuclei of nucleons or either
alpha or beta particles, often accompanied by gamma
radiation. When a radioactive material decays, the
material may be converted to another radioactive species
(decay product) or to a nonradioactive material.

Derived Concentration Guides (DCG) - Concentra-
tions of radionuclides in air and water that an individual
could continuously consume, inhale or be immersed in
at average annual rates, without receiving an effective
dose equivalent of greater than 100 mrem/yr.

detection level - Minimum amount of a substance that
can be measured with a 99% confidence that the analyti-
cal result is greater than zero.

dispersion - Process whereby effluents are spread or
mixed as they are transported by ground water or air.

dosimeter - Portable device for measuring the total
accumulated exposure or absorbed dose from ionizing
radiation fields.
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Effective Dose - See “Effective Dose Equivalent” under
“Radiation Dose.”

effluent - Liquid or gaseous waste streams released from
a facility.

effluent monitoring - Sampling or measuring specific
liquid or gaseous effluent streams for the presence of
pollutants.

exposure - Subjecting a target (usually living tissue) to
radiation or chemicals. Also used as a term describing
external radiation air ionization (see “Roentgen”).

fallout - Radioactive materials that are released into the
earth’s atmosphere following a nuclear explosion or
atmospheric release and that eventually fall to earth.

fission - A nuclear reaction involving the splitting or
breaking apart of a nucleus into at least two other nuclei,
accompanied with a release of various types of energy.
For example, when a heavy atom, such as uranium, is
split, large amounts of energy including radiation and
neutrons are released along with the new nuclei (which
are fission products).

fission products - Elements formed from fissioning.
Many fission products are radioactive.

glaciofluvial sediments - Sedimentary deposits consist-
ing of material transported by, suspended in, or laid
down by the meltwater streams flowing from melting
glacier ice.

grab sample - A sample that is randomly collected or
“grabbed” from the collection site.

ground water - Subsurface water that is in the pore
spaces of soil and geologic units.

gray (Gy) - Unit of absorbed dose in the International
System of Units (SI) equal to 1 joule per kilogram.
1 Gy =100 rad.

half-life - Length of time in which a radioactive sub-
stance will lose one half of its radioactivity by decay.
Half-lives range from a fraction of a second to billions of
years, and each radionuclide has a unique half-life.

ion exchange - The reversible exchange of one species
of ion for a different species of ion within a medium.

irradiation - Exposure to radiation.

isotopes - Different forms of the same chemical element
that are distinguished by different numbers of neutrons in
the nucleus. A single element may have many isotopes;
some may be radioactive and some may be nonradioac-
tive (stable). For example, the three isotopes of hydro-
gen are protium, deuterium, and tritium.

kurtosis - measure of the degree of peakedness of a data
distribution.

maximally exposed individual - A hypothetical member
of the public residing near the Hanford Site who, by
virtue of location and living habits, could receive the
highest possible radiation dose from radioactive effluents
released from Hanford.

mean - Average value of a series of measurements.

The mean, X, was computed as:

n
2%
i=1

where X, is the ith measurement and n is the number of
measurements.

X =

=R

median - Middle value in a set of results when the data
are ranked in increasing or decreasing order.

millirem (mrem) - A unit of radiation dose equivalent
that is equal to one one-thousandth (1/1000) of a rem.
According to DOE standards, an individual member of
the public may receive no more than 100 mrem per year
from a site’s operation. This limit does not include
radiation received for medical treatment or the approxi-
mately 300 mrem that people receive annually from
natural background radiation.

minimum detectable concentration - Smallest amount
or concentration of a radioactive or nonradioactive
element that can be reliably detected in a sample.

mode - the value of the piece of data that occurs with the
greatest frequency.

noble gas - Any of a group of chemically and bio-
logically inert gases that includes argon, krypton, and
xenon. These gases are not retained in the body follow-
ing inhalation. The principal exposure pathways from
radioactive noble gases are direct external dose from the
surrounding air (see “Air Submersion Dose”) .

B2



offsite locations - Sampling and measurement locations
outside the Hanford Site boundary.

onsite locations - Sampling and measurement locations
within the Hanford Site boundary.

outfall - End of a drain or pipe that carries waste water
or other effluents into a ditch, pond, or river.

plume - The cloud of a pollutant in air, surface water, or
ground water formed after the pollutant is released from
a source.

plutonium - A heavy, radioactive, anthropogenic
metallic element consisting of several isotopes. One
important isotope is *°Pu, which is produced by the
irradiation of #®U. Routine analysis cannot distinguish
between the °Pu and **°Pu isotopes; hence, the term
239.240Py a5 used in this report is symbolic of the presence
of one or both of these isotopes in the analytical results.

radiation - The energy emitted in the form of rays or
particles, such as those thrown off by transforming
(disintegrating) atoms. For this report, radiation refers to
ionizing types of radiation; not radiowaves, microwaves,
radiant light, or other types of nonionizing radiation.

The ionizing rays or particles typically consist of alpha,
beta, or gamma radiation.

« alpha radiation - Least penetrating type of radia-
tion. Alpha radiation can be stopped by a sheet of
paper or the outer dead layer of skin, and can cause
biological damage only if sufficient quantities are
emitted inside the body.

«  beta radiation - One form of radiation emitted from
a nucleus during radioactive decay. Beta radiation
can be stopped by an inch of wood or a thin sheet of
aluminum, and may cause biological damage if a
sufficient amount is internal, or occasionally
external, to the body.

* external radiation - Radiation originating from a
source outside the body.

e gamma radiation - Form of electromagnetic, high-
energy radiation emitted from a nucleus. Gamma
rays are essentially the same as x rays. They require
heavy shielding, such as concrete or steel, to be
stopped, and may cause biological damage when
originating internally or externally to the body in
sufficient amounts.

Glossary

* internal radiation - Radiation originating from a
source within the body as a result of the inhalation,
ingestion, skin absorption, or implantation of natural
or anthropogenic radionuclides in body tissues (e.g.,
uranium dust in the lungs, radioiodine in the
thyroid).

radiation dose - For the purpose of this report, radiation
doses are defined as follows:

* absorbed dose - Amount of energy deposited by
radiation in a given amount of material. Absorbed
dose is measured in units of “rads” or “grays.”

*  collective effective dose equivalent - Sum of the
effective dose equivalents for individuals composing
a defined population. The units for this are “person-
rem” or “person-sievert.”

¢ committed dose equivalent - Total dose equivalent
accumulated in an organ or tissue in the 50 years
following a single intake of radioactive materials
into the body.

* dose equivalent - Product of the absorbed dose, the
quality factor, and any other modifying factors. The
dose equivalent is a quantity for comparing the
biological effectiveness of different kinds of
radiation on a common scale. The unit of dose
equivalent is the rem. A millirem is one one-
thousandth of a rem.

» effective dose equivalent - A value used for
estimating the total risk of potential health effects
from radiation exposure. This estimate is the sum of
the committed effective dose equivalent (see above)
from internal deposition of radionuclides in the body
and the effective dose equivalent from external
radiation received during a year.

radioactivity - Property possessed by some isotopes of
elements of emitting radiation (such as alpha, beta, or
gamma rays) spontaneously in their decay process to
stable element isotopes.

radioisotope - Radioactive isotope of a specified ele-
ment. Carbon-14 is a radioisotope of carbon. Tritium is
a radioisotope of hydrogen.

+ long-lived radioisotope - A radionuclide that
decays at such a slow rate that a quantity will exist
for an extended period (typically many years).
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¢ short-lived radioisotope - A radionuclide that
decays so rapidly that a given quantity is trans-
formed almost completely into decay products
within a short period (typically less than a few
months).

radionuclide - Radioactive atomic species or isotope of
an element. There are several hundred known radionu-
clides, both anthropogenic and naturally occurring.
Radionuclide and radioisotope are terms that are some-
times used interchangeably, although they are theoreti-
cally different terms.

rem - Acronym for roentgen equivalent man; a unit of
dose equivalent that indicates the potential for impact on
human cells.

risk - The probability that a detrimental health effect will
occur.

roentgen - Unit of x ray or gamma radiation exposure in
air, typically used for describing external radiation
levels. An exposure of 1 roentgen (R) is approximately
equal to a 1-rem dose to human tissue.

sievert (Sv) - Unit of dose equivalent in the International
System of Units (SI) equal to 100 rem.

skewness - measure of the lack of symetry in a fre-
quency distribution.

spent fuel - Nuclear fuel that has been exposed in a
nuclear reactor; this fuel contains uranium, activation
products, fission products, and plutonium.

standard deviation - An indication of the dispersion or
variability of a set of results around their average.

standard error of the mean - An indication of the
dispersion or variability of an estimated mean from the
average of other estimates of the same mean.

The standard error of X was computed as

wn

SE=. ] —

where S?, the variance of the n measurements, was
computed as

2 1 N\ 2
Sy =1 ; X;-X)

This estimator, S2, includes the variance among the
samples and the counting variance. The estimated S*
may occassionally be less than the average counting
variance.

taxon - A group of organisms constituting one of the
categories or formal units in taxonomic classification
(i.e., kingdom, phylum, class, order, family, genus, or
species) and characterized by common characteristics in
varying degrees of distinction.

thermoluminescent dosimeter (TLD) - A material that,
after being exposed to beta and/or gamma radiation,
emits light when processed and heated. The amount of
light emitted is proportional to the amount of radiation
(dose) to which the TLD has been exposed.

unconfined aquifer - An aquifer containing ground
water that is not confined above by relatively imperme-
able rocks. The pressure at the top of the unconfined
aquifer is equal to that of the atmosphere. At Hanford,
the unconfined aquifer is the uppermost aquifer and is
most susceptible to contamination from Site operations.

uncontrolled area - Area on or near a nuclear facility to
which public access is not restricted.

vadose zone - underground area from the surface to the
top of the water table or aquifer.

water table - Theoretical surface represented by the
elevation of water surfaces in wells penetrating only a
short distance into the unconfined aquifer.

whole-body dose - Radiation dose that involves expo-
sure of the entire body. Whole-body dose typically
refers to external radiation exposure.

wind rose - Star-shaped diagram showing how often
winds of various speeds blow from different directions,
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Applicable Standards and Permits

Operations at the Hanford Site must conform to a variety
of governmental standards and permits designed to
ensure the biological and physical quality of the environ-
ment for either public health, ecological, or aesthetic
considerations. The primary environmental quality
standards and permits applicable to Hanford operations
in 1992 are listed in the following tables. The State of
Washington has promulgated water quality standards for
the Columbia River, Washington Administrative Code
(WACQ), 173-201. The Hanford Reach of the Columbia
River has been designated as Class A (Excellent). This
designation requires that the water be usable for substan-
tially all needs, including drinking water, recreation, and
wildlife. Class A water standards are summarized in
Table C.1. Drinking water standards promulgated by the
U.S. Environmental Protection Agency (EPA) in 40
Code of Federal Regulations (CFR) 141 are summarized
in Tables C.2 and C.3. Tri-Counties Air Pollution
Control Authority air quality standards are shown in
Table C.4. Applicable radiation standards pursuant to
the Clean Air Act for sources of radionuclide emissions
to the air, 40 CFR 61, are summarized in Table C.5.
Environmental radiation protection standards are
published in U.S. Department of Energy (DOE) Order
5400.5, “Radiation Protection of the Public and the
Environment.” This DOE order establishes new limits
for public radiation dose and gives guidance for keeping
radiation exposures to members of the public as low as
reasonably achievable (ALARA). These standards are
based on guidelines recommended by authoritative
organizations, such as the International Commission on
Radiological Protection and the National Council on
Radiation Protection and Measurements. The DOE has

initiated a policy for creating and implementing public
radiation protection standards that are generally consis-
tent with the standards used by the U.S. Nuclear
Regulatory Commission (NRC) in regulating and
licensing non-DOE nuclear facilities (i.e., nuclear power
plants). Table C.5 shows the radiation standards from
DOE Order 5400.5. These standards govern allowable
public exposures to ionizing radiation from DOE
operations.

In Order 5400.5, the DOE established Derived Concen-
tration Guides (DCGs) that reflect the concentrations of
individual nuclides in water or air that would result in an
effective dose equivalent of 100 mrem per year caused
by ingestion of water or inhalation of air at average
annual intake rates. Table C.6 lists selected DCGs of
particular interest at the Hanford Site. The DCGs are
useful reference values but do not generally represent
concentrations in the environment that ensure compli-
ance with either the DOE, the Clean Air Act, or drinking
water dose standards.

Permits required for regulated releases to water and air
have been issued by the EPA under the National Pollut-
ant Discharge Elimination System (NPDES) of the Clean
Water Act and the Prevention of Significant Deteriora-
tion (PSD) requirements of the Clean Air Act. Also,
under authority granted by the Clean Air Act, the
Washington State Department of Health has issued a
permit for Hanford radioactive air emissions. Permits for
collecting wildlife for environmental sampling are issued
by the Washington State Department of Wildlife and the
U.S. Fish and Wildlife Service. Current permits are
listed in Table C.7.
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Table C.1. Washington State Water Quality Standards for the Hanford Reach of the Columbia River

Parameter Permissible Levels

Fecal coliform 1) <100 organisms/100 mL
2) <10% of samples may exceed 200 organisms/100 mL

Dissolved oxygen >8 mg/L

Temperature 1) <20°C (68°F) due to human activities
2) When natural conditions exceed 20°C, no temperature increase in receiving
water of greater than 0.3°C allowed; nor shall increases at any time exceed
34/(T+9), where T = highest existing temperature in °C outside of dilution

zone.
pH 1) 6.5t08.5 range
2) <0.5 unit induced variation
Turbidity <5 NTU® over background turbidity
Toxic, radioactive, or Concentrations shall be below those of public health significance, or which cause
deleterious materials acute or chronic toxic conditions to the aquatic biota, or which may adversely affect

any water use.

Aesthetic value Shall not be impaired by the presence of materials or their effects, excluding those
of natural origin, which offend the senses of sight, smell, touch, or taste.

(a) NTU = nephelometric turbidity units.
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Applicable Standards and Permits

Table C.2. Selected Radiological Drinking Water Standards: U.S. Environmental Protection Agency,
National Primary Drinking Water Regulations (40 CFR 141); and State of Washington, Rules and Regula-
tions of the State Board of Health Regarding Public Water Systems (WAC 248-54)

Contaminant Limit
Total alpha (excluding uranium) 15 pCi/L
Combined #*Ra and **Ra 5 pCi/L
Radium-226 (State of Washington only) 3 pCi/L
Beta and gamma radioactivity Annual average concentration shall not produce an annual dose
from anthropogenic radionuclides from anthropogenic radionuclides equivalent to the total body or

any internal organ dose greater than 4 mrem/yr. If two or more
radionuclides are present, the sum of their annual dose equivalents
shall not exceed 4 mrem/yr.

Compliance may be assumed if annual average concentrations of
total beta, *H, and *Sr are less than 50, 20,000, and 8 pCi/L,
respectively.

The following list provides the annual average concentrations for anthropogenic radionuclides of interest. These
radionuclides are assumed to yield an annual dose of 4 mrem to the indicated organ. Data are taken from the National
Interim Primary Drinking Water Regulations, Table I[V-2A (EPA 1976).

Radionuclide Critical Organ Concentration, pCi/L
‘H Whole body 20,000
C Fatty tissue 4 2,000
%Co GI (LLD)® 100
#Sr Bone 20
Sr Bone marrow 80
OSr Bone marrow 8
SZr GI (LLI) 200
%Nb GI (LLD) 300
PTc GI (LLID) 900
103Ru GI (LLID) 200
105Ru GI (LLI) 30
125Sb GI (LLI) 300
1297 Thyroid 1
B Thyroid 3
134Cs GI (S)® 20,000
1¥7Cs Whole body 200

(a) Gastrointestinal tract (lower large intestine).
(b) Stomach.
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Table C.3. Selected Chemical Drinking Water Standards: U.S. Environ-
mental Protection Agency, National Primary Drinking Water Regulations (40
CFR 141); and State of Washington, Public Water Supplies (WAC 248-54)

Chemical Constituent Concentration
As 50 ug/L
Ba 1 mg/L
ca, 5ug/L
Cd 10 pg/L
Cr 50 pg/L
Cu 1 mg/L
F 2 mg/L
‘ Hg 2 ug/L
! NO; 45 mg/L
‘ Pb 50 ug/L
Se 10 pg/L

Table C.4. Benton-Franklin-Walla Walla Counties (Tri-Counties) Air Pollution Control
Authority Ambient Air Quality Standards®

Parameter Type of Standard® Sampling Period Permissible Level

NO Secondary and primary Annual average 100 pg/m’

2

(a) Benton-Franklin-Walla Walla Counties Air Pollution Control Authority (1980).

(b) Primary standards for ambient air quality define levels of air quality to protect the public
health., Secondary standards define levels of air quality to protect the public welfare from any
known or anticipated adverse effects of a pollutant.
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Applicable Standards and Permits

Table C.5. Radiation Standards (Dose Limits®) for Protection of the Public from All Routine DOE Activities

All Pathways [limits from DOE Order 5400.5]

The effective dose equivalent for any member of the public from all routine DOE activities® shall not exceed the
values given below.

Effective Dose Equivalent®

mrem/yr mSv/yr
Routine Public Dose 100 1
Potential Authorized Temporary Public Dose® 500

Dose to Native Aquatic Animal Organisms from Liquid Discharges [interim limits from DOE Order 5400.5]

Radioactive material in liquid wastes discharged to natural waterways shall not cause an absorbed dose® to native
aquatic animal organisms that exceeds 1 rad per day (10 mGy per day).

Drinking Water Pathway Only [limits from 40 CFR 141 and DOE Order 5400.5]

Radionuclide concentrations in DOE-operated public drinking water supplies shall not cause persons consuming the
water to receive an effective dose equivalent greater than 4 mrem (0.04 mSv) in a year. DOE activities shall not cause
private or public drinking water systems downstream of the facility discharge to exceed the radiological drinking water
limits in 40 CFR 141 (Table B.2).

Air Pathways Only [limits from 40 CFR 61]

Effective Dose Equivalent®

mrem/yr mSv/yr
Public Dose Limit at Location of Maximum Annual
Air Concentration as a Consequence of Routine DOE
Activities®™ 10 0.1

(a) Radiation doses received from natural background, residual weapons testing and nuclear accident fallout, and
medical consumer product exposures are excluded from the implementation of these dose limits.

(b) “Routine DOE activities” implies normal, planned activities and does not include actual or potential accidental or
unplanned releases.

(c) Effective dose equivalent is expressed in rem (or millirem) with the corresponding value in sievert (or millisievert)
in parentheses.

(d) Authorized temporary annual dose limits may be greater than 100 mrem/yr (but cannot exceed
500 mrem/yr) if unusual circumstances exist that make avoidance of doses greater than 100 mrem to the public
impracticable. The RL is required to request and receive specific authorization from DOE-HQ for an increase
from the routine public dose limit to a temporary annual dose limit.

(e) Absorbed dose is expressed in rad (or millirad) with the corresponding value in gray (or milligray) in parentheses.
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Table C.6. Selected Derived Concentration Guides®@b

Water, Air,
pCi/L pCi/m?
Radionuclide (10° pCi/mlL.) (102 pCi/mL)
*H 2,000,000 100,000
14C 70,000 500,000
SiCr 1,000,000 60,000
SMn 50,000 2,000
“Co 5,000 80
87Zn 9,000 600
8Kr NS@ 3,000,000
Sy 1,000 50
PTc 100,000 2,000
193Ru 50,000 2,000
1%Ru 6,000 30
12Sb 60,000 1,000
127 500 70
BT 3,000 400
B1Cs 3,000 400
4Ce 7,000 30
#4y 500 0.09
By 600 0.1
B8y 600 0.1
28pu 40 0.03
%Py 30 0.02
240py 30 0.02

(a) Concentration of a specific radionuclide in water or
air that could be continuously consumed or inhaled at
average annual rates and not exceed an effective dose
equivalent of 100 mrem/yr. An exception is the limit
for #Kr, which is based on the skin dose limit of 5
rem from immersion in a plume.

(b) Values in this table represent the lowest, most
conservative derived concentration guides considered
potentially applicable to Hanford operations, and may
be adjusted upward (larger) if accurate solubility
information is available.

(¢) From DOE Order 5400.5.

(d) NS = No standard.
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Applicable Standards and Permits

Table C.7. Environmental Permits

Clean Water Act Permit

NPDES Permit No. WA-000374-3, issued to the DOE, Richland Operations Office (RL) by Region 10 of the EPA,
covers nonradioactive discharges to the Columbia River from eight outfalls. The following are measurements required
for NPDES-permitted discharges at Hanford:

Location
100-K Area 100-N Area 300 Area
Measurement (2 discharges) (5 discharges) (1 discharge)
Flow rate X X X
Suspended solids X X X
Temperature X X @
pH X X X
Chlorine X X —
Qil and grease - X -
Heat discharged — X -
Settleable solids — - X
Iron — X —
Ammonia - X -
Chromium - X —

(a) Dashed line indicates no measurement required.

Clean Air Act Permits
PSD Permit No. PSD-X80-14, issued to RL by Region 10 of the EPA, covers emission of NO, to the atmosphere from
the Plutonium Uranium Extraction (PUREX) Plant and the Uranium Trioxide (UO,) Plant. No expiration date.

Radioactive Air Emission Permit No. FF-01, issued to RL by the DOH under authority granted by the Clean Air Act,
covers operations on the Hanford Site having a potential to emit radioactive airborne effluents. Initially issued
August 15, 1991, the permit is for a 2-year period.

Wildlife Sampling Permits

Scientific Study or Collection Permit No. 036, issued by Washington State Department of Wildlife to Pacific North-
west Laboratory (PNL) for 1992, covers the collection of wildlife, including gamefish, for environmental monitoring
purposes. Renewed annually.

Scientific Collection Permit No. 92-36, issued by Washington State Department of Fisheries to PNL for 1992, covers
the collection of food fish and shellfish for environmental monitoring purposes. Renewed annually.

Federal Fish and Wildlife Permit No. 671877, issued by the U.S. Fish and Wildlife Service to PNL, covers the collec-
tion of migratory wildlife. Renewed <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>