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Preface

This Hanford Site environmental report is prepared
annually pursuant to U.S. Department of Energy (DOE)
Orders 5400.1, “General Environmental Protection Pro-
gram” and 231.1, “Environment, Safety, and Health
Reporting,” and DOE M 231.1-1, Environment, Safety
and Health Reporting Manual. The report is to provide an
overview of activities at the site during 2001; to demon-
strate the status of the site’s compliance with applicable
federal, state, and local environmental laws and regula-
tions, executive orders, and DOE policies; and to summa-
rize environmental data that characterize Hanford Site
environmental management performance. The report
also highlights significant environmental programs and
efforts. Some historical and early 2002 information is
included where appropriate. More detailed environmen-
tal compliance, monitoring, surveillance information
may be of value; therefore, to the extent practical, addi-
tional pertinent reports have been referenced in the text.

Although this report was primarily written to meet
DOE reporting requirements and guidelines, its purpose
is to also provide useful summary information to mem-
bers of the public, public officials, regulators, Hanford
Site contractors, and elected representatives. Appen-
dix A lists acronyms, abbreviations, unit conversion
information, and nomenclature that may be useful for
understanding the report.

The Pacific Northwest National Laboratory’s Public
Safety and Resource Protection Program produced this
report for the DOE Richland Operations Office, Office
of Site Services. Battelle operates the Pacific Northwest
National Laboratory for DOE. Battelle is a not-for-profit,

independent, contract research institute. Personnel
from the Pacific Northwest National Laboratory and
Fluor Hanford, Inc. and its subcontractors wrote major
portions of the report. Bechtel National, Inc., CH2ZM
HILL Hanford Group, Inc., MACTEC-ERS, and Bechtel
Hanford, Inc. and its subcontractors also prepared or
provided significant input to selected sections.

Copies of this report have been provided to many
libraries in communities around the Hanford Site and to
several university libraries in Washington and Oregon.
Copies can also be found at the DOE’s Reading Room
located at the Consolidated Information Center in
Richland, Washington. Copies of the report in electronic
format (compact disk) can be obtained from Mr. R. W.
(Bill) Hanf, Pacific Northwest National Laboratory,
P.O. Box 999, Richland, Washington 99352
(bill.hanf@pnl.gov) while supplies last, or may be avail-
able for purchase from the National Technical Infor-
mation Service, Springfield, Virginia 22161. Phone
(703) 605-6000 or send an email request to http://

www.ntis.gov.

This report was issued in two hard-copy formats and two electronic formats. The hard-copy formats include this large
technical report and a smaller, less detailed summary report consisting of approximately 50 pages (PNNL-13910-SUM).
The electronic versions of both hard-copy formats are available on the World Wide Web at http://hanford-site.pnl.gov/
envreport or http://www.hanford.gov/docs/annualrpO1/index.htm. The large report is also available on a computer
compact disk (CD) that contains copies of the Hanford Site Climatological Data Summary for 2001 with Historical Data
(PNINL-13859), the Hanford Site Environmental Surveillance Data Report for Calendar Year 2001 (PNNL-13910,
APP.1), the Hanford Site Near-Facility Environmental Monitoring Data Report for Calendar Year 2001 (PNNL-13910,
APP. 2), and the Hanford Site National Environmental Policy Act (NEPA) Characterization report (PNNL-6415) as well.

Other environmental-related reports for the Hanford Site that may be of interest include Hanford Site Groundwater
Monitoring for Fiscal Year 2001 (PNNL-13788), Calculating Potentialto-Emit Releases and Doses for FEMPs and
NOCs (HNF-3602), and Environmental Releases for Calendar Year 2001 (HNF-EP-0527-11).

Inquiries regarding this report or its companion documents should be directed to Mr. D. C. (Dana) Ward, DOE Richland
Operations Office, Closure Division, P.O. Box 550, MS A2-15, Richland, Washington 99352 (Dana_C_Ward@rl.gov)
or to Mr. T. M. (Ted) Poston, Pacific Northwest National Laboratory, P.O. Box 999, MS K6-75, Richland, Washington
99352 (ted.poston@pnl.gov).

iii



Summary

L. F. Morasch

Each year, the U.S. Department of Energy (DOE)
publishes this integrated environmental report on the
Hanford Site to summarize environmental data and
information, describe environmental management per-
formance, demonstrate the status of compliance with
environmental regulations, and highlight major envi-
ronmental programs and efforts. Individual sections of
the report are designed to

e describe the Hanford Site and its mission

e summarize the status of compliance with environ-
mental regulations

¢ describe the environmental programs at the Hanford
Site

e discuss the estimated radiation exposure to the pub-
lic from 2001 Hanford Site activities

e present effluent monitoring, environmental surveil-
lance, and groundwater protection and monitoring
information

e discuss activities to assure quality.

DOE’s current primary mission at the Hanford Site
includes cleaning up and shrinking the size of the site. It
is the policy of DOE that all activities be carried out to
comply with applicable federal, state, and local laws and
regulations, DOE Orders, Secretary of Energy Notices,
and directives, policies, and guidelines from DOE Head-
quarters and site operations.

Compliance with Environmental Regulations in 2001

A key element in Hanford’s compliance program is
the Tri-Party Agreement. The Tri-Party Agreement is
an agreement among the Washington State Department
of Ecology, U.S. Environmental Protection Agency
(EPA), and DOE to achieve compliance with the reme-
dial action provisions of the Comprehensive Environmental
Response, Compensation, and Liability Act (CERCLA) and
with treatment, storage, and disposal unit regulation and
corrective action provisions of the Resource Conservation
and Recovery Act (RCRA). In 2001, 39 of 41 specific Tri-
Party Agreement cleanup milestones were completed on
or before their required due dates. One milestone was
delayed because of unanticipated costs and contracting
issues, and one is expected to be completed under an
agreement between DOE and the Washington State
Department of Ecology.

Cleanup activities on the Hanford Site gen-
erate radioactive, mixed, and hazardous waste (Sec-
tion 2.5). Mixed waste has both radioactive and
hazardous non-radioactive substances. Hazardous waste
contains either dangerous waste or extremely hazardous
waste or both. This waste is handled and prepared for
safe storage on the site or shipped to offsite facilities for
treatment and disposal. In 2001, cleanup activities

generated 328,500 kilograms (724,300 pounds) of solid
mixed waste and 1.6 million kilograms (3.6 million
pounds) of radioactive waste on the Hanford Site. There
were 127,000 kilograms (280,000 pounds) of mixed waste
and 4.7 million kilograms (10.4 million pounds) of radio-
active waste received at Hanford from offsite. During
2001, a total of 59,000 kilograms (130,000 gallons) of
hazardous waste was shipped off the Hanford Site.
Liquid waste also was generated on the Hanford Site
(Table 2.5.5). During 2001, there were 2.98 million liters
(788,000 gallons) of waste added to the double-shell
tanks; the total volume of liquid waste in the double-
shell tanks at the end of 2001 was 79.98 million liters
(21.1 million gallons).

In addition to newly generated waste, signifi-
cant quantities of legacy waste remain from years
of nuclear material production and waste management
activities. Most legacy waste from past operations at the
Hanford Site resides in RCRA-compliant waste sites or
is stored in several places awaiting cleanup and ultimate
safe storage or disposal. Examples include high-level
radioactive waste stored in single- and double-shell tanks
and transuranic waste stored in vaults and on storage
pads (see Section 2.5 for details).



The site’s compliance with federal acts in 2001 is
summarized in Table S.1. For a detailed discussion of the

site’s compliance with environmental regulations during
2001, refer to Chapter 2 of this report.

Table S.1. Compliance with Federal Acts at the Hanford Site in 2001

Regulation

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

Emergency Planning and
Community Rightto-Know Act

Resource Conservation and
Recovery Act (RCRA)

Clean Air Act

Clean Water Act

Safe Drinking Water Act

Toxic Substances Control Act

Federal Insecticide, Fungicide,
and Rodenticide Act

Endangered Species Act

American Indian Religious
Freedom Act, Antiquities Act,
Archaeological and Historic
Preservation Act, Archaeological
Resources Protection Act, Historic
Sites Buildings and Antiquities
Act, National Historic Preservation
Act, and Native American Graves
Protection and Repatriation Act

National Environmental Policy Act

Migratory Bird Treaty Act
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What it Covers

Sites already contaminated by
hazardous materials.

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

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

Air quality, including emissions

from facilities and diffuse and
unmonitored sources.

Discharges to U.S. waters.

Drinking water supplies operated
by DOE.

Primarily chemicals called poly-
chlorinated biphenyls.

Storage and use of pesticides.

Rare species of plants and animals.

Cultural resources.

Environmental impact statements
for federal projects.

Migratory birds or their feathers,
eggs, or nests.
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2001 Status

Work on these sites followed CERCLA requirements
and met the schedules established by the Tri-Party
Agreement.

The Hanford Site met the reporting requirements
contained in this act.

The Washington State Department of Ecology
identified two violations during 2001. Both viola-
tions were associated with chemical storage. DOE
has implemented corrective action for one and has
appealed the other. Resolution efforts are ongoing.

According to the Washington State Department

of Health, air emissions from Hanford Site facilities
were well below state and federal standards.
However, Washington State Department of Health
issued five notices of corrective action regarding
stack emissions and corrective efforts are ongoing.

The Hanford Site had two National Pollutant
Discharge Elimination System Permits and seven
State Wastewater Discharge Permits in 2001.

There were ten public water systems on the Hanford
Site in 2001.

In 2001, DOE formed a team to resolve issues
related to polychlorinated biphenyl issues on a
sitewide basis at Hanford. The team created a
users guide in 2001 to assure consistent interpre-
tation and implementation of this act.

At the Hanford Site, pesticides are applied by
licensed commercial pesticide operators.

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

One hundred fifty cultural resources reviews were
conducted on the Hanford Site.

Environmental impact statements and environmental
assessments were prepared or conducted as needed.

Hanford activities used the ecological review proc-
ess as needed to minimize any adverse effects to
migratory birds. There are over 100 species of
birds that occur on the Hanford Site that are pro-
tected by this act.



Environmental Occurrences

Environmental releases of radioactive and regulated
materials from the Hanford Site are reported to DOE
and other federal and state agencies as required by law.
The specific agencies notified depend on the type,
amount, and location of the individual occurrence. The
Hanford Site Occurrence Notification Center maintains
both a computer database and a hardcopy file of event
descriptions and corrective actions.

During 2001, there were no environmentally signif-
icant emergency occurrence reports filed. There was one
environmentally significant unusual occurrence report

filed in 2001. In May 2001, a subcontractor working at
the 600-23 burial ground unearthed an unknown piece
of equipment with a liquid reservoir. Approximately
38 liters (10 gallons) of an oily substance had leaked from
this reservoir into the ground. Laboratory analysis
revealed the presence of polychlorinated biphenyls in
the spilled substance. The spill was entirely contained,
and the equipment and contaminated soil were disposed
of at the Environmental Restoration Disposal Facility.

Off-normal occurrences are discussed in Sec-

tions 2.2 and 2.4.

Environmental Monitoring

Environmental monitoring at the Hanford Site
includes near-facility environmental monitoring, surface
environmental surveillance, groundwater monitoring,
and vadose zone monitoring. Near-facility monitoring
includes the analysis of environmental samples collected
near major nuclear-related installations, waste storage
and disposal units, and remediation sites. Surface envi-
ronmental surveillance consists of sampling and analyz-
ing various media on and around the site (including the
Columbia River) to detect potential contaminants and
to assess their significance to environmental and human
health. Groundwater sampling is conducted on the site
to determine the distribution of radiological and chem-
ical constituents in groundwater. The strategy for manag-
ing and protecting groundwater resources at the Hanford
Site focuses on protection of the Columbia River, human
health, the environment, treatment of groundwater

contamination, and limitation of groundwater migra-
tion (Section 6.0). Vadose monitoring was conducted
to better understand and alleviate the spread of sub-
surface contamination (Section 7.2).

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

Environmental monitoring and surveillance results
for 2001 are summarized in Table S.2. For detailed dis-
cussions of results, refer to the appropriate sections of
this report.

Facility Effluent Monitoring

Liquid and airborne effluents that may contain radio-
active or hazardous constituents are continually moni-
tored when released to the environment at the Hanford
Site. Facility operators perform the monitoring mainly
through analyzing samples collected at points of release
into the environment. Effluent monitoring data are
evaluated to determine the degree of regulatory compli-
ance for each facility and/or the entire site. The evalua-
tions are also useful to assess the effectiveness of effluent
treatment and pollution-management practices.

In 2001, only facilities in the 200 Areas discharged

radioactive liquid effluents to the ground, which went to

vii

the State-Approved Land Disposal Site (Section 3.1.3).
Radioactive air emissions usually come from a building
stack or a vent. Radioactive emission discharge points
are located in the 100, 200, 300, and 400 Areas.
Table 3.1.1 of this document provides a summary of
radionuclides discharged to the atmosphere at the Han-
ford Site in 2001. Non-radioactive air pollutants from
such things as diesel-powered electrical generating
plants were monitored. In 2001, the 200 Areas tank
farms produced reportable ammonia emissions that are
summarized in Table 3.1.2 of this document.

Summary




Air

Columbia River Water

Columbia River Shoreline
Springs

Groundwater

Vadose Zone

Drinking Water

Food and Farm Products

Fish and Wildlife

Effluent Monitoring

Soil and Vegetation
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Table S.2. Hanford Site Monitoring Results for 2001

What was Monitored?

Air sampling equipment collected particles
and gases, which were analyzed for radio-
active materials. Air was sampled at

24 |ocations on Hanford, 11 perimeter loca-
tions, 8 nearby communities, and 2 distant
communities.

Columbia River water was collected from
56 sampling points throughout the year.
Water samples were analyzed for radioac-
tive and chemical materials. Water in the
Columbia River continues to be designated
Class A (Excellent) by the state of Wash-
ington. This designation means that the
water is usable for substantially all needs.

Groundwater discharges to the Columbia
River via surface and subsurface locations.
Discharges above the water level of the
river are identified as riverbank springs.
Samples of spring water were collected at
10 locations along the Columbia River
shoreline.

Groundwater samples were collected from
694 wells to analyze water quality. Water
levels were measured in several hundred
wells on the site to map groundwater
movement.

The vadose zone is the region between the
ground surface and the top of the water
table. Vadose zone characterization and
monitoring are conducted to better under-
stand and alleviate the spread of subsur-
face contamination.

The quality of the drinking water supplied
by ten DOE-owned systems on the Hanford
Site was analyzed.

Samples of alfalfa, grapes, leafy vegetables,
milk, potatoes, tomatoes, and wine were
collected from 20 locations around the
Hanford Site.

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

Liquid effluents and airborne emissions that
may contain radioactive or hazardous con-
stituents are continually monitored on the
Hanford Site.

Samples of soil and perennial vegetation
were collected at onsite, perimeter, and
distant locations. Thirty-eight soil samples
and 13 vegetation samples were collected.
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The Bottom Line

All measurements of radioactive materials in air were
below recommended guidelines.

As in past years, small amounts of radioactive materials
were detected downriver from Hanford. However, the
amounts were all far below federal and state limits. Dur-
ing 2001, there was no indication of any deterioration of
Columbia River water quality resulting from site operations
along the Hanford Reach.

Samples collected at the springs contained contaminants
at levels above drinking water standards. However, con-
centrations in river water downstream of the shoreline
springs remained far below federal and state limits.

Groundwater monitoring is focused on preventing the
spread of contamination. Samples show that groundwater
contaminant plumes are moving slowly from beneath
former waste sites toward the Columbia River. Contami-
nant concentrations are declining in the largest plumes
because of spreading and radioactive decay.

Vadose zone characterization was conducted at three
sites in the 200 Areas, one site in the 100 Area, and one
site in the 600 Area. Vadose zone monitoring occurred at
four sites in 2001. Technical demonstrations are designed
to result in new, innovative methods for environmental
monitoring and cleanup on the Hanford Site. In 2001,
six technical studies were conducted.

All DOE-owned drinking water systems on the Hanford
Site met Washington State and EPA regulations. The
annual average concentrations of radiological contami-
nants in all samples were below state and federal standards.

Radionuclide levels in samples of food and farm products
were at normal environmental levels.

Samples of whitefish, rabbits, and Canada geese were
collected and analyzed. Strontium-90 in the bones of
rabbits onsite were above analytical detection limits.
Radionuclide levels in edible tissues were all below ana-
lytical detection limits.

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

Some radionuclides were detected, but the concentrations
were below dose-based reporting levels.



Waste Site Remediation

Full-scale remediation of waste sites began in the
100 Areas in 1996 and continued in 2001 at several lig-
uid waste disposal sites in the 100-B/C, 100-F, and 100-H
Areas (Section 2.3.10.2). Remediation of the treatment,
storage, and disposal units at the 100-N Area continued
also. In 2001, the following activities were completed:

e 100-B/C Area— 110,000 metric tons (121,000 tons)
of contaminated soil were removed and shipped to
the Environmental Restoration Disposal Facility in
2001; a total of 732,000 metric tons (86,000 tons)

has been removed since startup.

e 100-H Area — 136 metric tons (150 tons) of con-
taminated soil were removed and shipped to the
Environmental Restoration Disposal Facility in 2001;
a total of 413,000 metric tons (455,000 tons) has

been removed since startup.

e 100-F Area—321,000 metric tons (353,000 tons) of
contaminated soil were removed and shipped to the
Environmental Restoration Disposal Facility in 2001;
a total of 470,000 metric tons (517,000 tons) has

been removed since startup.

e 100-N Area — a total of 112,200 metric tons
(123,500 tons) of contaminated soil have been
removed and shipped to the Environmental Resto-
ration Disposal Facility since startup.

In 2001, remedial design for nine burial sites in the
100-B/C began. Decontamination and decommission-
ing activities continued in 2001 at the 100-D/DR, 100-H,
and 100-F Areas. These activities are conducted to sup-
port the interim safe storage of the four reactor buildings
for up to 75 years. The interim safe storage minimizes
the potential risk to the environment, employees, and
the public and reduces surveillance and maintenance
costs. These activities are conducted as non-time-critical

actions under CERCLA.

The environmental restoration contractor com-
pleted the final feasibility study for the Canyon Dispo-
sition Initiative in September 2001 and was in the final
planning phase of the CERCLA remedial investigation/
feasibility study. The purpose of this initiative is to
investigate the potential for using the five canyon build-
ings at the Hanford Site as disposal facilities for remedi-
ation waste, rather than demolishing the structures.
This final feasibility study is a strategic document for
decision-making affecting the future of the Hanford Site.

Remedial investigation/feasibility studies continued
in 2001 at soil waste sites in the 200 Areas. The work at

these operable units included feasibility studies, charac-
terization, work plans, geophysical logging, and monitor-
ing of ongoing remediation efforts.

Remediation work at the 300-FF-1 Operable Unit
continued. With the exception of the 618-4 burial
ground, excavation of all 300-FF-1 Operable Unit waste
sites has been completed and more than 482,000 metric
tons (531,000 tons) of contaminated material and debris
have been taken to the Environmental Restoration Dis-

posal Facility. Excavation is scheduled to be completed
in 2002.

During 2001, activities continued across the Han-
ford Site to clean up waste from past practices. The
activities are guided by the Tri-Party Agreement, an
agreement to achieve compliance with CERCLA reme-
dial action provisions and with RCRA treatment,
storage and disposal unit regulations and corrective
action provisions. Many programs are an integral part of
Hanford cleanup.

Pollution Prevention Program. This program
(Section 2.3.1) focuses on conservation of resources and
energy, reduction of hazardous substance use, and pre-
vention or minimization of pollutant releases. In 2001,
the efforts of the program reduced the quantity of dis-
posed waste by recycling 32,405 cubic meters (1.1 mil-
lion cubic feet) of radioactive and mixed waste,
33,387 metric tons (36,803 tons) of RCRA hazardous
waste, and 3,428 metric tons (3,779 tons) of sanitary
waste. The cost savings for waste disposal in 2001
exceeded $23 million for these activities. During 2001,
the Hanford Site also recycled 673 metric tons (742 tons)
of paper products and 708 metric tons (780 tons) of
various metals.

Spent Nuclear Fuel Project. This project (Sec-
tion 2.3.2) provides safe, economic, and environmen-
tally sound management of Hanford spent nuclear fuel
and prepares the fuel for long-term storage. In 2001,
the project installed two new underwater tables to
increase productivity in the K-West Basin, fabricated
~330 fuel baskets to hold spent nuclear fuel prior to
loading the fuel into canister overpacks, removed
38 overpacks from the K Basins to the Canister Stor-
age Building, and started construction at the K Basins
to make the modifications necessary to transfer the
spent nuclear fuel in K-East Basin to the K-West Basin.

River Corridor Project. This project (Sec-
tion 2.3.3) provides for deactivation of contaminated
facilities in all areas of the Hanford Site and for safe
storage of nuclear fuel until it can be transferred to

Summary




another facility, sold, or otherwise disposed. The River
Corridor Project includes the Accelerated Deactivation
Project, 324 and 327 Facilities Deactivation Project,
300 Area Liquid Effluent Facilities, Plutonium Finish-
ing Plant, Waste Encapsulation and Storage and Facility
Project, and the Equipment Disposition Project.

Advanced Reactors Transition Project. The
mission of this project (Section 2.3.5) is to transition or
convert the Plutonium Recycle Test Reactor facility,
and facilities used for nuclear research, into structures
that are in a safe and stable condition suitable for reuse
or low cost surveillance and maintenance. The only facil-
ities remaining to be cleaned up are in the southeastern
part of the 300 Area, the high bay of the 337 Building,
and the adjacent storage tank building, 3718M.

Office of River Protection. The Office of River
Protection is responsible for managing DOE’s River
Protection Project, which is responsible for storage,
retrieval, treatment, and disposal of high-level tank
waste and closure of the tank farms on the Hanford Site
(Section 2.3.6). The status of 177 waste tanks on the

Hanford Site was reported in Waste Tank Summary
Report for Month Ending December 31, 2001.

Safety issues are of utmost concern, and Hanford
tanks containing high-level waste were organized into
categories in the 1990s to assure increased monitoring.
Tanks that were assumed to be leaking were placed on
a “Tank Watch List.” There are 149 single-shell tanks
and 28 double-shell tanks. The total estimated volume
to date of radioactive waste leakage from single-shell
tanks is <2.84 to 3.97 million liters (<749,760 to 1 mil-
lion gallons). To date, 129 of the 149 single-shell tanks
have been stabilized and the program is ahead of sched-
ule. At the end of 2001, intrusion prevention work was
completed on 108 single-shell tanks, and all the tanks
were removed from the Tank Watch List.

The first 14 tanks that will deliver waste to the
planned Waste Treatment Facility (i.e., vitrification
plant) have been selected. Sampling has been performed
in 12 of these tanks and characterization has been com-
pleted on 11 of them. This characterization informa-
tion is being used to improve the design and future

Table S.3. Summary of Groundwater Pump-and-Treat Systems and a Soil-Vapor Extraction System

Mass Removed

Mass Removed

Startup (Groundwater Processed) (Groundwater Processed)
Location Date Contaminant in 2001 Since Startup

Groundwater Pump-and-Treat Systems

20.5 kilograms
(96.7 million liters)

5.8 kilograms
(125.9 million liters)

36.2 kilograms
(338.8 million liters)

0.18 curies
(124.7 million liters)

1,177 kilograms
(326 million liters)

2.41 kilograms
(98.2 million liters)

3,540 kilograms
(98.2 million liters)

8.3 grams
(98.2 million liters)

15.5 kilograms
(98.2 million liters)

Soil-Vapor Extraction

100-D Area 1997 Hexavalent chromium
100-H Area 1997 Hexavalent chromium
100-K Area 1997 Hexavalent chromium
100-N Area 1995 Strontium-90
200-West Area 1994 Carbon tetrachloride
(200-zP-1)
Operable Unit
200-West Area 1994 Carbon tetrachloride
(200-UP-1)
Operable Unit
1994 Nitrate
1994 Technetium-99
1994 Uranium
200-West Area 1992 Carbon tetrachloride
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710 kilograms

101.9 kilograms
(550 million liters)

27.5 kilograms
(631.3 million liters)

148.3 kilograms
(1.24 billion liters)
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Figure S.1. DOE Pump-and-Treat Systems and Soil-Vapor Extraction System

operation of the Waste Treatment Facility. During 2001,
an electrical substation, potable water services, effluent
piping systems, and roads were completed for the
Waste Treatment Plant. Construction of the plant as
defined by the Tri-Party Agreement is scheduled to
begin in 2002.

Solid Waste Management. Solid waste manage-
ment at the Hanford Site included the treatment,
storage, and disposal of solid waste at many Hanford
locations (Section 2.3.7). During 2001, 460 cubic meters
(16,245 cubic feet) of low-level mixed waste were treated
and/or directly disposed onsite. Eight packages containing

defueled reactor compartments from the U.S. Navy were
received and disposed of at the 200-East Area in 2001.

Liquid Effluent Treatment. Liquid effluents are
managed in facilities that comply with RCRA and state

xi

regulations (Section 2.3.8). Approximately 32.7 million
liters (8.6 million gallons) of liquid waste were stored at
the Liquid Effluent Retention Facility and ~95 million
liters (~25.1 million gallons) of liquid waste were
treated at the 200 Area Effluent Treatment Facility in
2001. The 200 Area Treated Effluent Disposal Facility
received ~484 million liters (~128 million gallons) of
effluent in 2001.

Groundwater/Vadose Zone Integration Project.
The Groundwater/Vadose Zone Integration Project
(Section 2.3.11) brings together all activities that affect
Hanford’s subsurface. Restoring the condition of the
groundwater under the Hanford Site is a major focus of
the Groundwater/Vadose Zone Integration Project. The
goal of groundwater restoration is to prevent contami-
nants from entering the Columbia River, reduce the
contamination in areas of high concentration, prevent

Summary




the movement of contamination, and protect human
health and the environment. Table S.3 lists a summary
of the activities in 2001. Figure S.1 shows the location
of groundwater remediation systems.

Revegetation and Mitigation Planning. During
2001, 50 hectares (123.5 acres) in the 100 Areas were
planted with native grass and forb seed (Section 2.3.9).
Following the seeding, 21,700 sagebrush seedlings were
planted. In addition, the wetland habitat in the 100-B/C
Area was planted to help restoration of the pit there. Two

sites in the 600 Area were revegetated; 900 sagebrush
seedlings were planted on the Wahluke North Slope;
50 bitterbrush seedlings were planted at the 618-4 burial
ground; and the area around the electrical line towers in
the 200-East Area was revegetated. Monitoring the sage-
brush seedlings that were planted in December 2000 on
the Fitzner/Eberhardt Arid Lands Ecology Reserve con-
tinued in 2001; this monitoring will continue through

2004.

Potential Radiological Doses from 2001 Hanford

Operations

During 2001, potential radiological doses to the
public and biota from Hanford operations were evalu-
ated to determine compliance with pertinent regulations
and limits (Section 5.0). These doses were calculated
using reported effluent releases and environmental sur-
veillance data using version 1.485 GENII computer
code and Hanford-specific parameters. The potential
dose to the maximally exposed individual in 2001

from site operations was 0.009 mrem (9 x 10° mSv/yr).
To put this value into perspective, the national average
dose from background sources (Figure S.2), according to
the National Council on Radiation Protection, is
~300 mrem/yr (3 mSv/yr), and the current DOE radio-
logical dose limit foramember of the publicis 100 mrem/yr

(1 mSv/yr).

Cosmic, 30 mrem

Radon, 200 mrem

Termrestrial, 30 mrem

Internal, 40 mrem

Medical X Ray, 3% mincm

\C“"* Nuclear Medicine, 14 mrem
\ onsumer Products., 10 mrem

Other, =2 mrem

|:| Matural, 3 mrem Oecupational I mrem
i Fallout < | mrem
] Consumer Products Nuclear Fuel Cycle 004 mrem
and Medical, 65 mrem Miscellaneous 0.0 mrem
GO0 14.57

Figure S.2. National Annual Average Radiological Doses from Various Sources
(National Council on Radiation Protection and Measurements 1987)
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Other Hanford Environmental Programs

Climate and Meteorology

Meteorological measurements are taken to support
Hanford Site emergency preparedness, site operations,
and atmospheric dispersion calculations. Weather fore-
casting and maintenance and distribution of climato-
logical data are provided. The data are provided by the
Hanford Meteorology Station, which is located on the
Central Plateau. A complete report of climatological
data for calendar year 2001 is contained in Hanford Site
Climatological Data Summary 2001 with Historical Data.

Cultural Resources

Management of archaeological, historical, and
traditional cultural resources at the Hanford Site com-
plies with the requirements of various federal laws. Dur-
ing 2001, 150 cultural resource reviews were requested
and conducted on the Hanford Site to comply with
Section 106 of the National Historic Preservation Act.

Monitoring conducted during 2001 focused on four
sites: Locke Island erosion, archaeological sites affected
by visitors or nature, historic buildings, and places with
Native American burials. A total of 86 archaeological
sites, 3 buildings, and cemetery or burial locations were
monitoring during 2001.

Public involvement is an important component of
cultural resource management. To accomplish this goal,
DOE developed mechanisms that allow the public
access to cultural resources information and the ability
to comment and make recommendations concerning
the management of cultural resources on the Hanford
Site. Native American involvement included the com-
pletion of several surveys, construction monitoring, and
monthly meetings on cultural resource issues.

xiii

Community Operated
Surveillance Program

This program was initiated in 1990 to increase the
public’s involvement in and awareness of Hanford’s sur-
veillance program. During 2001, nine radiological air
sampling stations were operated by local teachers at
selected locations around the site perimeter.

Quality Assurance

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

Summary
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1.0 Introduction

R. W. Hanf

This report, published annually since 1958, includes
information and summary data that (1) provide an over-
view of activities at the Hanford Site during 2001,
(2) characterize environmental management perform-
ance at the site; (3) demonstrate the status of the site’s
compliance with applicable federal, state, and local
environmental laws and regulations; and (4) highlight
significant environmental monitoring and surveillance
programs and efforts.

Specifically, this report provides a short introduc-
tion to the Hanford Site, discusses the site mission, and
briefly highlights the site’s various environmental-
related programs. Included are descriptions of the Envi-
ronmental Restoration Project, the Effluent and
Near-Facility Environmental Monitoring Program, the

Surface Environmental Surveillance Project, the Han-
ford Groundwater Monitoring Project, Vadose Zone
Monitoring, the Hanford Cultural Resources Labora-
tory, Ecosystem Monitoring, Ecological Compliance,
the Meteorological and Climatological Services Project,
and information about other programs and projects.
Also included are sections discussing environmental
occurrences, current issues and actions, environmental
cleanup and restoration activities, compliance issues, and
descriptions of major operations and activities. Readers
interested in more detail than that provided in this report
should consult the technical documents cited in the text
and listed in the reference sections. Descriptions of spe-
cific analytical and sampling methods used in the moni-
toring efforts are contained in the Hanford Site
environmental monitoring plan (DOE/RL-91-50).

1.0.1 Current Site Mission

For more than 40 years, Hanford Site facilities were
dedicated primarily to the production of plutonium for
national defense and to the management of the resulting
waste. Hanford was the first plutonium production site
in the world. In recent years, efforts at the site have
focused on developing new waste treatment and disposal
technologies and characterizing and cleaning up con-
tamination left from historical operations.

Currently, the Hanford Site’s primary mission
includes cleaning up and shrinking the size of the site
from ~1,517 square kilometers (~586 square miles) to
~194 square kilometers (~75 square miles) by the target
date of 2012. Accelerating Cleanup and Shrinking the Site
(DOE/RL-2000-62) states that the cleanup mission
includes three strategies:

e restoring the Columbia River corridor by con-
tinuing to clean up Hanford Site sources of radio-
logical and chemical contamination that threaten

1.1

the air, groundwater, or Columbia River. It is
expected that most river corridor projects will be

completed by 2012.

e transitioning the Central Plateau (200-East and
200-West Areas) from primarily inactive waste stor-
age to active waste characterization, treatment,
storage, and disposal operations which are expected
to last for another 40 years.

e preparing for the future by getting ready for long-
term stewardship, other U.S. Department of Energy
(DOE) and non-DOE federal missions, and other

public and private sector uses.

The goal of these strategies is to complete major
portions of the site cleanup by 2012 and to do so in a
manner that protects the environment and uses tax-
payer’s dollars wisely and efficiently.



1.0.2 Overview of the Hanford Site

The Hanford Site lies within the semi-arid Pasco
Basin of the Columbia Plateau in southeastern Wash-
ington State (Figure 1.0.1). The site occupies an area of
~1,517 square kilometers (~586 square miles) located
north of the city of Richland (DOE/EIS-0222). This
large area has restricted public access and provides a
buffer for the smaller areas on the site that historically
were used for production of nuclear materials, waste
storage, and waste disposal. The Columbia River flows
eastward through the northern part of the Hanford Site
and then turns south, forming part of the eastern site
boundary.

The 78,900-hectare (195,000-acre) Hanford Reach
National Monument (Figure 1.0.2) was established by a
Presidential Proclamation in June 2000 (65 FR 114) to
protect the nation’s only non-impounded stretch of the
Columbia River above Bonneville Dam and the largest
remnant of the shrub-steppe ecosystem once blanketing
the Columbia River Basin. In 2001, DOE and the
U.S. Fish and Wildlife Service were joint stewards of
the monument with the U.S. Fish and Wildlife Service
administering three major management units of the
monument totaling ~66,775 hectares (~165,000 acres).
These included (1) the Fitzner/Eberhardt Arid Lands
Ecology Reserve Unit, a 312 square kilometer (120 square
mile) tract of land in the southwestern portion of the
Hanford Site; (2) the Saddle Mountain Unit, a 130 square
kilometer (50 square mile) tract of land located north-
northwest of the Columbia River and generally south
and east of State Highway 24; and (3) the Wahluke Unit,
a 225 square kilometer (87 square mile) tract of land
located north and east of both the Columbia River and
the Saddle Mountain Unit (see Figure 1.0.1). The por-
tion of the monument administered only by DOE
included the McGee/Riverlands area (north and west of
State Highway 24 and south of the Columbia River),
the Columbia River islands in Benton County, the
Columbia River corridor (one-quarter mile inland from
the Hanford Reach shoreline) on the Hanford (Benton
County) side of the river, and the sand dunes area
located along the Hanford side of the Columbia River
north of Energy Northwest. Approximately 162 hectares
(~400 acres) along the north side of the Columbia
River, west of the Vernita Bridge, and south of State
Highway 243 is managed by the Washington State
Department of Fish and Wildlife. All of these lands
have served as a safety and security buffer zone for Han-
ford Site operations since 1943, resulting in an eco-
system that has been relatively untouched for nearly
60 years.
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The major DOE operational, administrative, and
research areas on and around the Hanford Site (see Fig-
ure 1.0.1) include:

e The 100 Areas — located along the south shore of
the Columbia River. These are the sites of nine
retired plutonium production reactors. The
100 Areas occupy ~11 square kilometers (4 square
miles).

e The 200-West and 200-East Areas — centrally
located on a plateau. These areas are ~8 and 11 kilo-
meters (~5 and 7 miles), respectively, south and west
of the Columbia River. These areas house facilities
that received and dissolved irradiated fuel and then
separated out the valuable plutonium. These facili-
ties were called “separations plants.” The 200 Areas
cover ~16 square kilometers (6 square miles).

e The 300 Area — located just north of the city of
Richland. From the early 1940s until the advent of
the cleanup mission, most research and development
at the Hanford Site were carried out in the 300 Area.
The 300 Area was also the location of nuclear fuel
fabrication. This area covers ~1.5 square kilome-
ters (~0.6 square mile).

e The 400 Area — location of the Fast Flux Test
Facility, scheduled for deactivation. This special
nuclear reactor was designed to test various types of
nuclear fuel. The 400 Area is located ~8 kilometers
(~5 miles) northwest of the 300 Area and covers
~0.61 square kilometer (~0.23 square mile).

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

e The former 311-hectare (768-acre) 1100 Area —
located generally between the 300 Area and the city
of Richland. On October 1, 1998, this area was trans-
ferred to the Port of Benton as a part of DOE’s
Richland Operations Office economic diversifica-
tion efforts and is no longer part of the Hanford Site.
However, DOE contractors continue to lease facili-
ties in this area.

¢ The Richland North Area (off the site) — includes
the Environmental Molecular Sciences Laboratory
and other DOE and contractor facilities, mostly
leased office buildings, generally located in the north-
ern part of the city of Richland.
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Figure 1.0.2. Management Units on the Hanford Reach National Monument
(Monument boundaries are approximate.)

e The Volpentest Hazardous Materials Manage- Other site related facilities (office buildings) are
ment and Emergency Response Training and located within the Tri-City area.
Education Center (also called HAMMER) - a
worker safety training facility located on the site
near the city of Richland. It consists of a 32-hectare
(80-acre) main site and a 4,000-hectare
(10,000-acre) law enforcement and security train-
ing site. The facility is owned by DOE, managed by
Fluor Hanford, Inc., and used by site contractors, a
variety of federal and state agencies, tribal govern-
ments, and private industry.

Non-DOE operations and activities on Hanford Site
leased land or in leased facilities include commercial
power production by Energy Northwest (4.4 square kilo-
meters [1.6 square miles]) and operation of a commercial
low-level radioactive waste burial site by US Ecology,
Inc. (0.4 square kilometer [0.2 square mile]). The
National Science Foundation built the Laser Inter-
ferometer Gravitational-Wave Observatory for gravita-
tional wave studies. The observatory, constructed
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between 1994 and 1999, is operated jointly by the Cali-
fornia Institute of Technology and the Massachusetts
Institute of Technology. R. H. Smith Distributing oper-
ates vehicle-fueling stations in the former 1100 Area
and in the 200 Areas. Washington State University at
Tri-Cities operated several laboratories in the 300 Area
until March 2002. Livingston Rebuild Center, Inc. has
leased the 1171 Building, in the former 1100 Area, to
rebuild train locomotives. Johnson Controls, Inc. oper-
ates 42 diesel and natural gas package boilers to produce
steam in the 200 and 300 Areas (replacing the old coal-
fired steam plants) and also has compressors supplying

compressed air to the site. Kaiser Aluminum and
Chemical Corporation leased the 313 Building in the
300 Area from 1994 until January 2002 to use an extru-
sion press that was formerly DOE owned.

Near the city of Richland, immediately adjacent to
the southern boundary of the Hanford Site, Framatome
ANP, Inc. operates a commercial nuclear fuel fabrica-
tion facility and Allied Technology Group Corporation
operates a low-level radioactive waste decontami-
nation, super compaction, and packaging facility.

1.0.3 Site Management

The DOE’s Richland Operations Office and the
Office of River Protection manage the Hanford Site
through several contractors and their subcontractors.
Each contractor is responsible for safe, environmentally
sound, maintenance and management of its activities or
facilities; for waste management; and for monitoring
any potential effluents to as sure environmental compli-
ance. The U.S. Fish and Wildlife Service at the Hanford
Site administered much of the site under the National
Wildlife Refuge System and managed the land in accor-
dance with the Presidential Proclamation (65 FR 114)
establishing the Hanford Reach National Monument.
The U.S. Fish and Wildlife Service was a joint steward of
portions of the monument with DOE.

DOE Richland Operations Office. The DOE
Richland Operations Office manages legacy cleanup,
research, and other programs at the Hanford Site.

In 2001, the principal contractors for the DOE
Richland Operations Office, and their respective respon-
sibilities, included the following:

e Bechtel Hanford, Inc. — the environmental resto-
ration contractor. Bechtel Hanford, Inc. planned,
managed, executed, and integrated a full range of
activities for the cleanup of groundwater, contami-
nated soil, and inactive nuclear facilities. Bechtel
Hanford, Inc.’s preselected subcontractors were
CH2M HILL Hanford, Inc. and Eberline Services
Hanford, Inc.

e Fluor Hanford, Inc. — the prime contractor for
the nuclear legacy cleanup. Fluor Hanford, Inc.’s
three principal subcontractors were Duke Engineer-
ing & Services Hanford, Inc.; Duratek Federal Ser-
vices of Hanford, Inc.; and Numatec Hanford
Corporation. Other subcontractors to Fluor Han-
ford included Day & Zimmerman Protection Tech-
nology Hanford.

L5

¢ Hanford Environmental Health Foundation —
Hanford Environmental Health Foundation’s
Health Risk Management Program worked to iden-
tify and analyze the hazards that Hanford personnel
faced in the work environment. Hanford Environ-
mental Health Foundation’s occupational health
services provided occupational medicine and nurs-
ing, medical surveillance, ergonomics assessment,
exercise physiology, case management, psychology
and counseling, fitness for duty evaluations, health
education, infection control, immediate health care,
industrial hygiene, and health, safety, and risk
assessment.

¢ MACTEC-ERS - a prime contractor to the DOE
Grand Junction Office. The Grand Junction
Office has contracted with the DOE Richland
Operations Office and the DOE Office of River
Protection to conduct vadose zone, geophysical
characterization, and monitoring work at former
waste disposal facilities on the site.

e Pacific Northwest National Laboratory —
Battelle operated the Pacific Northwest National
Laboratory for DOE’s national security and energy
missions. The core mission was to deliver environ-
mental science and technology in the service of the
nation and humanity. Pacific Northwest National
Laboratory services included molecular science
research, advanced processing technology, biotech-
nology, global environmental change research, and
energy technology development.

DOE Office of River Protection. The DOE
Office of River Protection was established by Congress
in 1998 as a field office to manage DOE’s largest, most
complex environmental cleanup project—Hanford
tank waste retrieval, treatment, and disposal. Sixty per-
cent of the nation’s high-level radioactive waste is
stored at Hanford in aging tanks.
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The principal contractors for the DOE Office of
River Protection in 2001 and their respective responsi-
bilities included:

e Bechtel National, Inc. — Bechtel National, Inc.’s
contract mission is to design, build, and commission
a Waste Treatment Plant to vitrify Hanford’s tank
waste. The project includes a pretreatment facility
to separate the tank waste into high-level radioac-
tive and low-activity radioactive streams. Separate
vitrification facilities will immobilize the waste in a
glass form encased in stainless steel canisters. High-
level waste will be stored at the Hanford Site for
eventual disposal at a federal repository. Low-
activity waste will be disposed of in concrete-lined

trenches at the Hanford Site. The 10-year contract,
worth $4 billion, was awarded in December 2000.

e CH2M HILL Hanford Group, Inc. — the DOE
Office of River Protection’s prime contractor with
responsibility for storing and retrieving for treat-
ment ~204 million liters (54 million gallons) of
highly radioactive and hazardous waste stored in
177 underground tanks. The company’s role includes
characterizing the waste and delivering it to the
future waste vitrification facility. In January 2001,
the contract for CH2M HILL Hanford Group, Inc.
was extended through 2006.
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Compliance

2.0 Environmental Regulatory-‘

J. P. Duncan

This section describes how the Hanford Site
achieves and maintains environmental and regulatory
compliance. Subsections include (1) stakeholder and
tribal involvement in the environmental restoration and
waste management missions at the Hanford Site, (2) the
current status of principal regulations and permits,
(3) issues and actions arising from compliance efforts,
(4) an annual summary of environmentally significant
occurrences, and (5) waste management and chemical
inventory information. It is the policy of the U.S. Depart-
ment of Energy (DOE) that all activities be carried out
in compliance with applicable federal, state, and local
environmental laws and regulations, DOE Orders,

2.1

Secretary of Energy Notices, DOE Headquarters and
site operations office directives, policies, and guidance.
This includes those specific requirements, actions, plans,
and schedules identified in the Hanford Federal Facility
Agreement and Consent Order (also known as the Tri-
Party Agreement; Ecology et al. 1998) and other compli-
ance or consent agreements. Both the DOE Richland
Operations Office and the DOE Office of River Protec-
tion recognize the importance of maintaining a proactive
program of self-assessment and regulatory reporting to
assure that environmental compliance is achieved and
maintained at the Hanford Site.



Involvement

2.1 Stakeholder and Tribal

J. P. Duncan

Many entities have a role in DOE’s mission of envi-
ronmental restoration, waste management, and protec-
tion of the Columbia River at the Hanford Site.
Stakeholders include federal, state, and local regulatory
agencies; environmental groups; regional communities
and governments; and the public. Indian Tribes and

Nations also have a special and unique involvement
with the Hanford Site and maintain a government-to-
government relationship with DOE. The following sec-
tions describe the roles of the principal agencies, groups,
organizations, and the public at the Hanford Site.

2.1.1 Regulatory Oversight

K. A. Peterson

Several federal, state, and local regulatory agencies
are responsible for monitoring and enforcing compliance
with applicable environmental regulations at the Han-
ford Site. The major agencies include the U.S. Environ-
mental Protection Agency (EPA), Washington State
Department of Ecology, Washington State Department
of Health, and Benton Clean Air Authority.

EPA is the primary federal regulatory agency that
develops, promulgates, and enforces environmental
regulations and standards as directed in statutes passed
by Congress. In some instances, EPA has delegated
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 EPA’s requirements. For
instance, EPA has delegated certain enforcement
authorities to the Washington State Department of
Ecology for air pollution control and hazardous waste
management. In other activities, the state program is
assigned direct oversight of the DOE Richland

Operations Office as provided by federal law. For
example, the Washington State Department of Health
has direct authority under the Clean Air Act to enforce
the standards and requirements under a statewide pro-
gram to regulate radionuclide air emissions at applicable
facilities (e.g., the Hanford Site). In accordance with
40 CFR 61, Subpart H, the Hanford Site is required to
submit an annual report on the radionuclide emissions.
Where federal regulatory authority is not delegated or
only partially authorized to the state, EPA Region 10 is
responsible for reviewing and enforcing compliance with
EPA regulations as they pertain to the Hanford Site. In
addition, EPA periodically reviews the adequacy of vari-
ous state environmental programs and reserves the right
to directly enforce federal environmental regulations.

Although Oregon does not have direct regulatory
authority at the Hanford Site, DOE recognizes its inter-
est in Hanford Site cleanup because of the state’s loca-
tion along the Columbia River. Oregon participates in
the State and Tribal Government Working Group for
the Hanford Site, which reviews the site’s cleanup plans.

2.1.2 Hanford Federal Facility Agreement and Consent

Order
R. D. Morrison

This order (also known as the Tri-Party Agree-
ment; Ecology et al. 1998) is an agreement among the

Washington State Department of Ecology, EPA, and
DOE to achieve environmental compliance at the

Hanford Site with the Comprehensive Environmental
Response, Compensation, and Liability Act (CERCLA),



including the Superfund Amendments and Reauthori-
zation Act of 1986 remedial action provisions, and with
the Resource Conservation and Recovery Act (RCRA)
treatment, storage, and disposal unit regulations and
corrective action provisions. The Tri-Party Agreement
(1) defines RCRA and CERCLA cleanup commitments,
(2) establishes responsibilities, (3) provides a basis for
budgeting, and (4) reflects a concerted goal to achieve
regulatory compliance and remediation with enforceable
milestones. A companion document to the Tri-Party
Agreement is the Hanford Site Tri-Party Agreement
Public Involvement Community Relations Plan (http://
www.hanford.gov/crp/toc.htm). This plan describes
how public information and involvement activities are
conducted for Tri-Party Agreement decisions.

The Tri-Party Agreement has continued to evolve
as cleanup of the Hanford Site has progressed. Signifi-
cant changes to the agreement have been negotiated to
meet the changing conditions and needs of the cleanup.
The most complex changes were made in 1993 with

further modifications each year since. All significant
changes to the agreement undergo a process of public
involvement that assures communication and addresses
the public’s concerns prior to final approvals. Copies of
the agreement are publicly available at DOE’s Public
Reading Room located in the Consolidated Information
Center in Richland, Washington, and at information
repositories in Seattle and Spokane, Washington, and
Portland, Oregon. The Tri-Party Agreement can also be
viewed on the Internet at http://www.hanford.gov/tpa/
tpahome.htm. To be placed on the mailing list for
Tri-Party Agreement information, contact EPA or DOE
directly, or call the Washington State Department of
Ecology at 1-800-321-2008. Requests by mail can be sent
to:

Hanford Mailing List: Informational Mailings
Public Involvement, M/S B3-30

P.O. Box 1000

Richland, WA 99352

2.1.3 The Role of Indian Tribes

K. V. Clarke

The Hanford Site is located on land ceded to the
United States government by the Yakama Nation and
the Confederated Tribes of the Umatilla Indian Reser-
vation in the Treaties of 1855. These tribes, as well as the
Nez Perce Tribe, have treaty fishing rights on portions
of the Columbia River. These tribes reserved the right
to fish at all usual and accustomed places and the privi-
lege to hunt, gather roots and berries, and pasture horses
and cattle on open and unclaimed land. The Wanapum
People are not a federally recognized tribe; however,
they have historic ties to the Hanford Site as do the
Confederated Tribes of the Colville Reservation, whose
members are descendants of people who used the area
known as the Hanford Site.

The Hanford Site environment supports a number
of Native American foods and medicines and contains
sacred places important to tribal cultures. The tribes
hope to safely use these resources in the future and want
to assure themselves that the Hanford environment is
clean and healthy.

American Indian Tribal Governments have a
special and unique legal and political relationship with
the Government of the United States defined by history,
treaties, statutes, court decisions, and the U.S. Consti-
tution. In recognition of this relationship, DOE and
each tribe interact and consult directly. Tribal govern-
ment representatives from the Yakama Nation,
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Confederated Tribes of the Umatilla Indian Reserva-
tion, and Nez Perce Tribe participate in DOE sup-
ported groups such as the State and Tribal Government
Working Group, the Hanford Natural Resources Trustee
Council, the Hanford Site Groundwater/Vadose Zone
Integration Project, the Hanford Cultural Resources
Program, and provide review and comments on draft
documents. Both the Wanapum People and the Con-
federated Tribes of the Colville Reservation also are
provided an opportunity to comment on documents and
participate in cultural resource management activities.

The DOE American Indian and Alaska Native
Tribal Government Policy (revised in November 2000)
guides DOE’s interaction with tribes for Hanford plans
and activities. The policy states, among other things,
“The Department will consult with any American
Indian or Alaska Native tribal government with regard
to any property to which that tribe attaches religious
or cultural importance which might be affected by a
DOE action.” In addition to the DOE American Indian
and Alaska Native Tribal Government Policy, laws
such as the American Indian Religious Freedom Act, the
Archaeological Resources Protection Act, the National His-
toric Preservation Act, and the Native American Graves
Protection and Repatriation Act require consultation with
tribal governments. The combination of the Treaties of
1855, federal policy, executive orders, laws, regulations
and the federal trust responsibility, provide the basis for
tribal participation in Hanford Site plans and activities.
DOE provides financial assistance through cooperative



agreements with the Yakama Nation, Confederated
Tribes of the Umatilla Indian Reservation, and Nez

Perce Tribe to support their involvement in environ-
mental management activities of the Hanford Site.

2.1.4 Hanford Natural Resource Trustee Council

J. H. Zeisloft

The President of the United States is required by
CERCLA to appoint federal officials to act on behalf of
the public as trustees for natural resources when natural
resources may be injured, destroyed, lost, or threatened
asa result of a release of hazardous substances. The
President appointed the Secretary of Energy as the
primary trustee for all natural resources located on, over,
or under land administered by DOE. Other designated
federal trustees for Hanford natural resources include
the U.S. Department of the Interior represented by the
U.S. Fish and Wildlife Service and the Bureau of Land
Management, and the U.S. Department of Commerce
represented by the National Oceanic and Atmospheric
Administration.

CERCLA also authorizes state governors to desig-
nate a state trustee to coordinate all state trustee respon-
sibilities. CERCLA further states that chairmen (or
heads of governing bodies) of Indian tribes have essen-
tially the same trusteeship over natural resources belong-
ing to or held in trust for the tribe as state trustees. Indian
tribes and state organizations have been designated as
natural resource trustees for certain natural resources at
ornear the Hanford Site. Indian tribes include the
Yakama Nation, Confederated Tribes of the Umatilla
Indian Reservation, and Nez Perce Tribe. State organiza-
tions include Washington, represented by the Washing-
ton State Department of Ecology and Washington State
Department of Fish and Wildlife, and Oregon, repre-
sented by the Oregon Department of Energy.

The responsibilities of trustees as established by
CERCLA include cooperating with project managers to
coordinate assessments, investigations and planning;
carrying out damage assessments; and devising and
implementing restoration plans. To formalize their
responsibilities, the Hanford trustees signed a

memorandum of agreement (1996) establishing the
Hanford Natural Resource Trustee Council. The pri-
mary purpose of the council is to facilitate the coor-
dination and cooperation of the trustees in their efforts
to mitigate the impacts to natural resources that result
from either hazardous substance releases within the
Hanford Site or the remediation of those releases. The
council also adopted bylaws to direct the process of
arriving at consensus agreements.

The Hanford Natural Resource Council is perform-
ing an ongoing assessment of potential injury to Colum-
bia River aquatic resources from exposure to hazardous
substances released from the Hanford 100 Areas. The
initial phase of this assessment involved preparation of
an aquatic resources assessment plan (U.S. Fish and
Wildlife Service 1999) by the U.S. Fish and Wildlife
Service using the natural resource damage assessment
regulations in 43 CFR 11 as guidance. The council
approved the plan, which focused on several contami-
nants, including chromium that has migrated via
groundwater flow to sections of the Columbia River
used by fall chinook salmon for spawning. As recom-
mended in the assessment plan, the council is studying
these chromium releases to assess their potential to
injure the salmon. The results of this study will aid the
trustees, regulators, and DOE to develop, evaluate, and
select remedial actions that minimize or eliminate any
injury to the salmon.

The council also performed a pre-assessment screen
for the former Hanford 1100 Area. In response to con-
cerns raised by that screen, the trustees are coordinating
with DOE on the collection and analysis of additional
data pertaining to waste sites within the 1100 Area.

Additional information about the council, includ-
ing its history and projects can be found on the Internet
at http://www.hanford.gov/boards/nrtc.

2.1.5 Public Participation
B. K. Wise

Individuals may influence Hanford Site cleanup
decisions through public participation activities. The
public is provided opportunities to contribute their
input and influence decisions through many forums,
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including Hanford Advisory Board meetings, Tri-Party
Agreement activities, National Environmental Policy
Act public meetings on various environmental impact
statements, and other involvement activities. The
Office of Intergovernmental, Public and Institutional
Affairs (DOE Richland Operations Office) and the

Stakeholder and Tribal Involvement




Office of Communication (DOE Office of River Protec-
tion) coordinate the planning and scheduling of public
participation activities for the Hanford Site.

The Hanford Site Tri-Party Agreement Public
Involvement Community Relations Plan (Tri-Party
Agreement Agencies 2002) outlines how public infor-
mation and involvement activities are conducted for
Tri-Party Agreement decisions. Washington State
Department of Ecology, DOE, and EPA developed and
revised the plan with input from the public. The plan
was approved in 1990. The plan is updated on an
as-needed basis; the most recent revision occurred in
January 2002. The plan can be found on the Internet at
http://www.hanford.gov/crp/toc.htm.

A mailing list of about 3,300 individuals who have
indicated an interest in participating in Hanford Site
decisions is maintained. The mailing list also is used to
send topic-specific information to those people who
have requested it. Information is provided on upcoming
decisions to elected officials, community leaders, special
interest groups, and the media.

To inform the public of upcoming opportunities for
public participation, the Hanford Update, a synopsis of
all ongoing and upcoming Tri-Party Agreement public
involvement activities, is published bimonthly. In addi-
tion, the Hanford Happenings calendar, which highlights
Tri-Party Agreement meetings and comment periods,
is distributed each month to the entire mailing list. To
allow Hanford stakeholders and others to access up-to-
date information, documents from the Tri-Party
Agreement’s Administrative Record and Public Informa-
tion Repository are available on the Internet at http://
www?2.hanford.gov/arpir.

The public can obtain information about cleanup
activities via a toll-free telephone line (800-321-2008).
Members of the public can request information about
any public participation activity and receive a response
by contacting the Office of Intergovernmental, Public
and Institutional Affairs (DOE Richland Operations
Office) at (509) 376-7501. Also, a calendar of public
involvement opportunities can be found on the Internet
at http://www.hanford.gov/calendar/.

216 Hanford Advisory Board

B. K. Wise

The Hanford Advisory Board was chartered in
January 1994 to advise DOE, EPA, and Washington
State Department of Ecology on major Hanford Site
cleanup policy issues. The Hanford Advisory Board was
the first of many such advisory groups created by DOE
at weapons production cleanup sites across the national
DOE complex. The board consists of 31 members who
represent a broad cross section of interests, including
environmental, local governments, public health, busi-
ness, tribal governments, and the public. Each board
member has at least one alternate. Todd Martin,
public at large, is the chairperson. The board has
five standing committees: (1) Budgets and Contracts,
(2) River/Plateau, (3) Health, Safety, and Environmental

Protection, (4) Tank Waste, and (5) Public Involvement
and Communication.

The board held six 2-day meetings in fiscal year
2001. Members are engaged in discussions with repre-
sentatives from the Tri-Party Agreement agencies on
major cleanup issues, plans to treat tank waste, and
budget priorities. The board produced 11 new pieces of
consensus advice (making a total of 122), engaged in a
series of meetings, participated in several workshops
and engaged in informational exchanges with each other
and representatives from the Tri-Party Agreement
agencies. Information about the Hanford Advisory
Board, including copies of its advice and responses can
be found on the Internet at http://www.hanford.gov/
boards/hab/index.htm.

217 Hanford Site Technology Coordination Group

L. L. Fassbender

The Hanford Site Technology Coordination Group
was established in 1994, and its structure was modified
in early 2000. It consists of a Management Council and
five subgroups aligned with the Environmental Manage-
ment Focus Areas: (1) deactivation and decommission-
ing, (2) mixed waste, (3) subsurface contaminants,
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(4) tanks, and (5) nuclear materials. The DOE Head-
quarters’ Office of Environmental Management estab-
lished the Focus Areas to develop and deliver solutions
to technology needs identified at DOE sites across the
nation. Subgroups of the Hanford Site Technology
Coordination Group provide detailed documentation of
the Hanford Site’s technology needs to guide the focus
areas’ efforts in technology development.



The Management Council continued to focus on
Hanford Site policy issues related to technology devel-
opment and deployment. Subgroups of the Hanford Site
Technology Coordination Group identified and priori-
tized the site’s science and technology needs, identified
technology demonstration opportunities, interfaced with
the Environmental Management Focus Areas, and
helped assure that demonstrated technologies are
deployed.

During 2001, the subgroups endorsed the science and
technology needs developed by the site contractors for
submittal to the Environmental Management Focus
Areas and the Environmental Management Science
Program. The Environmental Management Science Pro-
gram sponsors basic research on fundamental issues that
may be critical to ongoing technology development. This
research may result in decreased public and worker risks,
major cost reduction opportunities, schedule accelera-
tion required to achieve DOE’s cleanup mission, and
answers to problems considered intractable without new
knowledge. Hanford’s science and technology needs
can be found on the Internet at http://www.hanford.gov/
boards/stcg/. In addition, the subgroups heard and pro-
vided comments on numerous presentations on a variety
of new technologies being demonstrated and/or deployed
on the Hanford Site.

The DOE Richland Operations Office Associate
Manager for Science and Technology chairs the Man-
agement Council, and the head of Fluor Hanford Tech-
nology Management Division is the co-chair. The
Management Council includes four DOE Richland
Operations Office Assistant Managers (River Corridor,
Central Plateau, Planning and Integration, and Safety
and Engineering), as well as representatives from the
Office of Spent Nuclear Fuels, the Fast Flux Test
Facility Project Office, and the Office of Training Ser-
vices and Asset Transition. Representatives from the
DOE Office of River Protection also participate. The
Management Council includes two representatives from
EPA, two from the Washington State Department of
Ecology, one from the Oregon Department of Energy,
three from the Hanford Advisory Board, and three
from American Indian tribes (Yakama Nation, Nez
Perce Tribe, and Confederated Tribes of the Umatilla
Indian Reservation). The Hanford Site contractors also
have designated representatives on the Management
Council.

The elements of the Hanford Site Technology
Coordination Group mission statement can be found
on the Internet at http://www.hanford.gov/boards/stcg.

Stakeholder and Tribal Involvement




2.2 Compliance Status

J. P. Duncan

This section summarizes the status of Hanford Site
activities with regard to federal environmental protection
statutes and associated state and local environmental

Permits required under specific environ-
mental protection regulations are discussed under their
applicable statute.

regulations.

2.2.1 Hanford Federal Facility Agreement and Consent

Order
R. D. Morrison

The Hanford Federal Facility Agreement and Con-
sent Order (Tri-Party Agreement; Ecology et al. 1998)
commits DOE to achieve compliance with the remedial
action provisions of CERCLA and with the treatment,
storage, and disposal unit regulations and corrective
action provisions of RCRA, including the state’s imple-
menting regulations. From 1989 through 2001, a total of
728 milestones and 268 target dates were completed on
or ahead of schedule. In 2001, there were 41 specific
cleanup milestones scheduled for completion: 39 were
completed on or before their required due dates, 1 was
delayed due to unanticipated cost escalation and con-
tracting issues, and 1 is expected to be completed success-
fully under the terms of an agreement between the DOE
and the Washington State Department of Ecology.

The Tri-Party Agreement contains a schedule, using
enforceable major and interim milestones and unen-
forceable target dates, that reflects a goal of achieving
full regulatory compliance and remediation in an aggres-
sive manner.

2.2.11 Tri-Party Agreement
Highlights

Highlights of milestone accomplishments during
2001 under the terms of the Tri-Party Agreement include
(associated milestone numbers are shown in parenthesis):

e Excavation activities on the process effluent pipe-
lines at the 100-BC Operable Unit were begun
(M-16-26D).

2.9

® A report assessing the development of ultrasonic
(or equivalent) testing equipment to determine
tank-wall thickness and defects in the double-shell
tanks was prepared and submitted to the Washing-
ton State Department of Ecology (M-48-02B).

® A site-specific Single-Shell Tank Waste Management
Area Phase 1 RCRA Facility Investigation and/or
Corrective Measures Study Work Plan Addenda
for Waste Management Area T and TX-TY was
developed and submitted to the Washington State
Department of Ecology (M-45-54) (RPP-7578).

¢ Construction of upgrades to the ventilation and elec-
trical systems in double-shell tanks began in a third

tank farm (M-43-14).

¢ All Rocky Flats ash mixed waste currently stored in
the Plutonium Finishing Plant was repackaged and
shipped to Hanford’s Central Waste Complex for
storage (M-83-07).

® The installations of RCRA groundwater monitor-
ing wells in accordance with major milestone
M-24-00M were completed at the following
locations:

- five wells in Single-Shell Tank Waste Manage-
ment Area S-SX (M-24-49/55)

- four wells in Single-Shell Tank Waste Manage-
ment Area TX-TY (M-24-50/53)

- three wells in Single-Shell Tank Waste Man-
agement Area B-BX-BY (M-24-51)



- three wells in Single-Shell Tank Waste Man-
agement Area U (M-24-52)

- one well in Single-Shell Tank Waste Manage-
ment Area T (M-24-54)

The T Plant sludge storage conceptual design docu-
ment was completed and submitted to the Wash-
ington State Department of Ecology (M-91-18).

The disposal of contact-handled low-level mixed

waste was begun (M-91-13).

A draft and subsequently a final tank waste infor-
mation requirements document was completed and
submitted to the Washington State Department of
Ecology (M-44-13E/14E) (RPP-8093).

The annual Hanford Land Disposal Restrictions
Report was completed and submitted to the Wash-
ington State Department of Ecology (M-26-01K)
(DOE/RL-2001-20).

The results of ultrasonic testing and static leak
tests of miscellaneous waste tanks were prepared and
submitted to the Washington State Department of
Ecology (M-48-08).

The DOE Office of River Protection’s semiannual
project compliance report was submitted to the

Washington State Department of Ecology
(M-62-01C) (01-ORP-104).

Remedial action excavation on the J.A. Jones 1 and
the 600-23 waste sites (north of the 300 Area and
within the Pit 11 boundary just off of Route 2 South,
respectively) was completed (M-16-41A).

Remediation and backfill of 22 liquid waste sites
and process effluent pipelines in the 100-DR-1 and
the 100-DR-2 operable units were completed
(M-16-07B).

An evaluation of the development status of tritium
treatment technology that would be pertinent to
the cleanup and management of tritiated waste-
water was prepared and submitted to the Washing-
ton State Department of Ecology (M-26-05H)
(DOE/RL-2001-33).

A written report documenting results of ultrasonic
testing of the primary tank walls in four double-
shell tanks not previously examined was prepared
and submitted to the Washington State Department
of Ecology (M-48-09) (01-TOD-T022).
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A second report assessing the development of
ultrasonic (or equivalent) testing equipment to
determine tank-wall thickness and defects in the
double-shell tanks was prepared and submitted to the
Washington State Department of Ecology
(M-48-02C) (01-TOD-T021).

A double-shell tank waste volume projection
report was developed and submitted to the Wash-
ington State Department of Ecology (M-46-00H)
(RPP-8554).

An annual update of the single-shell tank retrieval
sequence document was developed and submitted
to the Washington State Department of Ecology
(M-45-02]) (RPP-8554).

High-level waste tank characterization data and
information were entered into an electronic data-
base to make them available to the EPA and
Washington State Department of Ecology thereby
completing milestone M-44-16E. These data and
information were from sampling and characteriza-
tion work completed according to the appropriate
waste information requirements document.

Filter boxes were removed and verification sam-
pling was completed at the 100-B-12 waste site in
the 100-B Area (M-16-26G).

Remediation and backfill of 10 liquid waste disposal
sites and process effluent pipelines in the 100-HR-1
Operable Unit were completed (M-16-26C).

Waste tank safety issues for high priority watch list
tanks were mitigated and or resolved (M40-00).

Start of construction for the K-East Basin and
K-West Basin facility modifications for the alterna-
tive fuel transfer strategy cask transportation system

was approved (M-34-26-T01).

Well drilling and sample collection in the 200-TW-1
Operable Unit was completed (M-15-41A).

Well drilling and sample collection in the 200-TW-2
Operable Unit was completed (M-15-42A).

A revised hazardous waste facility permit applica-
tion identifying and describing all current and past
structures and waste management areas associated
with the single-shell tank system was prepared and
submitted to the Washington State Department of
Ecology (M-23-21).

The S-112 tank saltcake waste retrieval tech-
nology demonstration functions and requirements



document was prepared and submitted to the Wash-
ington State Department of Ecology (M-45-03-T03)
(RPP-7825).

e Completed transfer of the remaining ~235 metric
tons (~259 tons) of uranium billets (small bars)
located in the 300 Area to the Portsmouth, Ohio
site (M-92-06-T01).

¢ The single-shell tank C-104 sludge/hard heel, con-
fined sluicing and robotic technologies, waste
retrieval demonstration functions and requirements

document was submitted to the Washington State
Department of Ecology (M-45-03-T04) (RPP-7807).

e Phase II In Situ Redox Manipulation barrier
emplacement, planning and well installation in

the 100-HR-3 Operable Unit was completed
(M-16-27B).

® The remedial investigation work plan for the
plutonium/organic rich process waste group (oper-
able unit 200-PW-1) was prepared and submitted to
EPA (M-13-26) (DOE-RL-2001-01).

e Three 200 Areas National Priorities List Remedial
Investigation/Feasibility Study or RCRA Facility
Investigation/Corrective Measures Study work
plans were prepared and submitted to the Washing-
ton State Department of Ecology (M-13-00L) and
EPA (DOE-RL-2001-01; DOE/RL-2001-65; DOE/
RL-2001-66).

e The 300 Area Special Case Waste Project Man-
agement Plan (M-92-13) was reviewed by the
Washington State Department of Ecology, and the
Department’s comments were incorporated into

this document (HNF-5068).

® 300 Area Phase II Special Case Materials were pack-
aged and shipped to the 200 Areas to fulfill the
requirements of Tri-Party Agreement milestone

M-92-15.

¢ 324 Building mixed waste and equipment were col-
lected, containerized, removed, and shipped to the
200 Areas to fulfill the requirements of Tri-Party
Agreement milestone M-89-02.

Since this annual report was issued last year, 26
negotiated change requests to the Tri-Party Agreement
were approved. A summary of the significant changes is
given in the following sections.
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2.2.1.2 Tri-Party Agreement
Negotiated Change Requests

Waste Management. There were two Tri-Party
Agreement change requests related to waste manage-
ment approved during 2001.

The annual land disposal restrictions report
(DOE/RL-2001-20) is due by April 30 of each year.
Technical discussions between DOE and the Washing-
ton State Department of Ecology resulted in significant
changes to the report content. A 2-month extension to
the due date for the 2000 report was approved to allow
DOE and the Washington State Department of Ecology
additional time to work together and produce a docu-
ment that would be acceptable and satisfactory. Addi-
tionally, the time period covered by the report was
adjusted from April 1 through March 31 of each year to
January 1 through December 31 of each year.

Milestone M-91-12 states “...initiate thermal treat-
ment of currently stored and newly generated
contact-handled low level mixed waste. At least 600 m’
(21,189 ft*) will be provided for treatment by December
2000.” On January 12, 2001, the Washington State
Department of Ecology notified DOE that the mile-
stone had not been met. DOE believed that the mile-
stone had been met and initiated the dispute resolution
procedures of the Tri-Party Agreement to resolve the
issue. The final settlement of this dispute was embodied
in a change request that allowed DOE an additional
24 months to achieve sustained treatment capabilities.

Environmental Restoration. Eleven Tri-Party
Agreement change requests related to environmental
restoration were approved during 2001.

Three change requests added nine new milestones
to the Tri-Party Agreement requiring the completion
of remedial investigations and remedial actions in the
200-TW-1, 200-TW-2, and the 100-IU-6 Operable
Units.

Interim milestone M-13-26 required the sub-
mittal of the remedial investigation work plan for the
200-PW-1 Operable Unit by June 30, 2001. The focus
of this work plan is the characterization of the vadose
zone. Based upon the distribution of carbon tetra-
chloride in groundwater, it was believed there might
be additional unidentified sources of carbon tetrachlo-
ride in the vadose zone. The EPA requested that the
200-PW-1 Operable Unit work plan incorporate all

Compliance Status
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investigations needed to answer questions surrounding
the operable unit’s contaminants of concern, carbon
tetrachloride being of particular concern. Inclusion of
the investigation of the dispersed carbon tetrachloride
vadose zone plume, as requested by the EPA, required
the deferral of the milestone due date from June 30, 2001
to December 31, 2001.

Two approved change requests were related to the
installation of RCRA monitoring wells on the Hanford
Site. One change request established 5 new enforceable
milestones requiring the installation of 11 new ground-
water monitoring wells by December 31, 2001. The
other change request changed the location of two wells
to be installed under the terms of previously established
milestones.

Interim milestone M-15-38A required the submittal
of a feasibility study/proposed plan for the Gable Moun-
tain Pond/B Pond and Ditch Cooling Water Group and
a closure plan for the 216-B-3 Pond System by Novem-
ber 30, 2001. Based on regulatory and stakeholder com-
ments received on a related remedial investigation/
feasibility study work plan and a remedial investigation
report, it was determined that interim milestone
M-15-38A should be deferred to allow time for assess-
ment of ecological impacts and to resolve human health
and ecological risk assessment exposure scenarios prior
to completion of the subject feasibility study/proposed
plan. Therefore, a change request was approved which
extended the due date of milestone M-15-38A to
March 31, 2003.

Milestone M-16-26B originally required the com-
pletion of remediation of 51 waste sites as well as proc-
ess effluent pipelines in the 100-BC-1, 100-BC-2,
100-DR-1, 100-DR-2, and 100-HR-1 operable units.
The 100-BC-1 and 100-BC-2 pipeline remediation
efforts encountered impacts when actual field condi-
tions encountered during remediation differed from the
design conditions. These events necessitated the
approval of four new milestones (M-16-26D, M-16-26E,
M-16-26F, and M-16-26G) covering the remediation of
the 100-B/C Area pipelines and the extension of the
due date for the original M-16-26B waste site remedi-
ation activities.

Milestone M-16-26C required the remediation of
waste sites and process effluent pipelines in the
100-HR-1 Operable Unit by May 31, 2001. The dis-
covery of two contaminants, arsenic and chromium,
during the closeout sampling process for the waste sites
required that additional research, sampling, and studies
be performed. These additional activities prompted the
approval of a change request providing a 4-month exten-
sion to the due date of this milestone.

2001 Annual Environmental Report

The original M-16-03D milestone required the
completion of remediation of the waste sites in the
300-FF-1 Operable Unit by May 31, 1999. Impacts
occurred to this milestone resulting from the discovery
of numerous drums during excavation, the emergence
of questions regarding the protectiveness of the cleanup
levels for uranium, and the time necessary to obtain
valid results from soil leach tests. As a result, it became
necessary to delete M-16-03D and associated follow on
milestones M-16-03E and M-16-03F and create three
new milestones. A change request was ultimately
approved which created the three new milestones
(M-16-03G, M-16-03H, and M-16-031) thereby extend-
ing the due dates covering the remediation of the waste
sites in the 300-FF-1 Operable Unit including the 618-4
burial ground.

DOE Office of River Protection. There were six
Tri-Party Agreement change requests approved related

to the DOE Office of River Protection during 2001.

The Washington State Department of Ecology
completed an inspection of interim status compliance
on the Hanford Site’s single-shell tanks. The inspection
consisted of a review of current and historic records,
interviews of DOE and Hanford Site contractor person-
nel, and a facility walkdown. As a result of this inspec-
tion, the Washington State Department of Ecology
identified alleged non-compliances with regulatory
requirements and some related concerns. A change
request was ultimately developed and approved which
established 11 new enforceable milestones and one new
target date, under the M-23-00 series of milestones,
addressing the outcome of the inspection. A related
change request also made modifications to the scope of
target date M-45-06-TO5 in support of the M-23-00
agreements. These modifications added the requirement
for a description and depiction of all components of
the single-shell tank system to the scope of target date
M-45-06-T05.

The Washington State Department of Ecology and
DOE concluded negotiations in August 2000 on near-
term Tri-Party Agreement milestones and target dates
in the M-45-00 milestone series governing single-shell
tank waste retrieval activities prior to September 30,
2006. This near-term strategy has shifted from focus-
ing on maximizing the number of tanks entered for
retrieval (regardless of waste volume or content) to a
focus on scheduling the retrieval of waste from single-
shell tanks with high volumes of contaminants of con-
cern. The strategy also focuses on the performance of
key retrieval technology demonstrations on a variety of
waste forms in various tank farm locations and on the
performance of risk assessments, incorporating vadose
zone characterization data on a tank-by-tank basis, and



on updating tank farm closure/postclosure work plans.
The resulting change request established 14 new mile-
stones and 8 new target dates.

In 1998, the Washington State Department of
Ecology called on DOE to develop and submit a correc-
tive action plan for the S, SX, B, BX, BY, T, TX, and TY
single-shell tank farms, and that this plan at a mini-
mum: (1) provide information equivalent to a RCRA
Facility Investigation and include provisions to charac-
terize the vadose zone and aquifer beneath the tank
farms, (2) define the sources, nature, and extent of vadose
zone contamination, and (3) identify actual or potential
contaminant receptors. After extensive negotiations,
agreement was reached on modifications to Tri-Party
Agreement requirements within major milestone series
M-45-00 (complete closure of all single-shell tank
farms). These modifications included 11 new interim
milestones and 9 new target dates.

One change request modified the completion dates
for interim milestone M-45-54 and target dates
M-45-55-T01 and M-45-55-T02. These commitments
required the development of plans and information for
remedial investigations in the T, TX-TY, S-SX, and
B-BX-BY Single-Shell Tank Waste Management Areas.
These modifications became necessary as the result of an
effort to better align the planning, characterization and
final reporting requirements in response to data that
have been collected and analyzed in the waste manage-
ment areas.

Facilities Transition. Six Tri-Party Agreement
change requests approved during 2001 were related to
facility transition, i.e., the transition of a major facility
from an expensive high maintenance shutdown/standby
condition to a low maintenance, low cost, safe, stable
condition to await final decommissioning.

Four change requests were approved establishing
Tri-Party Agreement commitments related to the han-
dling, storage, and disposition of various materials at the
Plutonium Finishing Plant. Three of these change
requests established three new interim milestones
addressing the following materials: (1) the disposition of
Hanford ash waste; (2) the disposition of sand, slag, and
crucible waste; and (3) the solidification of plutonium
bearing solutions that have been selected to be disposed
of as transuranic-mixed waste. The fourth Plutonium
Finishing Plant related change request established addi-
tional requirements and an extended start date of
November 1, 2001 to conduct transition and disposition
negotiations.
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The due date of target date MX-92-11-TO1 requir-
ing the disposition of all Hanford Site non-radioactive
sodium was extended from March 31, 2002 to Septem-
ber 30, 2004. This action was taken to establish a
clearer understanding of the disposal/disposition of
the remaining non-radioactive sodium and its align-
ment with other integrated site priorities.

Verification of three existing Tri-Party Agreement
milestones was the subject of one milestone M-92-00
series related change request. Milestones M-92-14,
M-92-15, and M-92-16 were re-confirmed in conjunc-
tion with the required project management plan. These
milestones control the removal, transfer, and storage of
300 Area special case wastes.

Negotiations conducted by the Washington State
Department of Ecology, EPA, and DOE Richland
Operations Office resulted in the development of
Change Number M-094-01-01, which defines proposed
Tri-Party Agreement milestone M-94-00 (Establish
Date for Final Disposition of all 300 Area Surplus Facili-
ties under the M-094 series milestones). Proposed mile-
stone M-94-00 provides the overall framework for
disposition of the 300 Area surplus facilities, and aligns
the M-94-00 milestones for 300 Area surplus facility
disposition with the objective of completion by 2018.

Spent Nuclear Fuel. There was one Tri-Party
Agreement change request approved related to the
Spent Nuclear Fuel Project during 2001. The approved
change request adopted the “Alternate Fuel Transfer
Strategy” into the existing spent nuclear fuel series of
milestones. This strategy eliminates the need for certain
construction activities in the K-East Basin that would
otherwise be necessary to retrieve, clean, package, and
remove spent nuclear fuel from the basin. The Alternate
Fuel Transfer Strategy requires the K-East Basin fuel to
be retrieved and packaged in shipping casks that are
transported to the K-West Basin. The existing K-West
Basin facilities will then be used to retrieve, clean, pack-
age, and remove the fuel. The strategy accelerates the
removal of spent nuclear fuel and water from the K-East
Basin.

A Tri-Party Agreement Change Request was
approved in 2001 that changed some interim mile-
stones without changing the 2004 date for having all
the spent nuclear fuel removed from the K Basins.

Compliance Status




2.2.2 Environmental Management Systems

H.T. Tilden I, G. D. Cummins, R. D. Lichfield,
and L. M. Dittmer

Major contractors at the Hanford Site have estab-
lished Integrated Environment, Safety, and Health
Management Systems. These systems, contractually
mandated by DOE, are intended to protect the worker,
public, and environment by integrating environment,
safety, and health into the way work is planned, per-
formed, and improved. The international voluntary
consensus standard 1ISO 14001, Environmental Manage-
ment Systems — Specifications with Guidance for Use, and
DOE P 450.4, Safety Management System Policy, were
used in the development of the systems. Basic elements of
these systems include environmental policy, planning,
implementation, checking and corrective action, and
management review.

In 1998, DOE Headquarters approved the Inte-
grated Environment, Safety, and Health Program

Description for the Pacific Northwest National Labo-
ratory (https://sbms.pnl.gov/mgtsys/msOed010.htm).
Also in 1998, Fluor Hanford, Inc. issued an Integrated
Environmental, Safety, and Health Management System
Plan (HNF-MP-003); and Bechtel Hanford, Inc.
issued an Integrated Enwironmental, Safety, and Health
Management System Description (BHI-01199). DOE has
verified the following Hanford contractors as having
adequately implemented Integrated Environmental,
Safety and Heath Systems: Fluor Hanford, Inc. (August
2000), CH2M HILL Hanford Group, Inc. (May 2000),
Bechtel Hanford, Inc. (May 2000), and Pacific Northwest
National Laboratory (1998). Efforts continued in 2001
to implement and improve these environmental, safety,
and health programs. Hanford Site contractors are mov-
ing to pursue I1SO 14001 registration through either
self-certification to the standard or certification by third-
party registrars.

2.2.3 Chemical Management Systems

M. T. Jansky

The Hanford Site, with its numerous contractors,
facilities, and processes, uses a variety of approaches for
chemical management. Formal systems for the manage-
ment of chemicals were developed and documented in
1997. These management systems are applicable to the
acquisition, use, storage, transportation, and final

disposition of chemicals including hazardous chemicals
as defined in the Occupational Safety and Health
Administration’s Hazard Communication Standard
(29 CFR 1910.1200, Appendices A and B). The chem-
ical management systems have been reviewed periodi-
cally and improved as needed. Details on the chemical
inventories stored at the Hanford Site may be found in
Section 2.5.2.

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

L. M. Dittmer
In 1980, CERCLA was enacted to address response,

compensation, and liability for past releases or potential
releases of hazardous substances, pollutants, and con-
taminants to the environment. The EPA is the federal
agency responsible for oversight of DOE’s implementa-
tion of CERCLA. There is significant overlap between
the state RCRA corrective action program (see Sec-
tion 2.2.6) and CERCLA. Many waste management
units are subject to remediation under both programs.
The CERCLA program is implemented via 40 CFR 300,

“National Oil and Hazardous Substances Pollution
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Contingency Plan,” which establishes procedures for
characterization, evaluation, and remediation. The Tri-
Party Agreement addresses CERCLA implementation
at Hanford and is generally consistent with the national
contingency plan process.

There are several remediation activities under way
at Hanford that are accomplished using the CERCLA
process (e.g., remedial investigation in the 200 and
300 Areas, cleanup in the 100, 200, and 300 Areas).
Specific project activities and accomplishments are

described in Sections 2.3.2 and 2.3.10.



2.2.5 Emergency Planning and Community Right-To-

Know Act
D. E. Zaloudek

This act requires states to establish a state emer-
gency response commission and local emergency plan-
ning committees and to develop a process to distribute
information on hazardous chemicals present in facilities.
These organizations gather information and develop
emergency plans for local planning districts. Facilities
that produce, use, or store extremely hazardous sub-
stances in quantities above threshold planning quantities
must identify themselves to the state emergency response
commission and the local emergency planning commit-
tee, and periodically provide information to support the
emergency planning process. Facilities must also notify
the state emergency response commission and the local
emergency planning committee immediately after an
accidental release of an extremely hazardous substance
over the reportable quantity. Extremely hazardous sub-
stances are listed in 40 CFR 355 (Appendices A and B)
along with the applicable threshold planning quantity.

The Hanford Site provides required hazardous
chemical inventory information to the Washington
State Department of Ecology’s Community Right-To-
Know Unit; local emergency planning committees for
Benton, Franklin, and Grant Counties; and to both the
Richland and Hanford Site fire departments. The 2001

Hanford Site Tier Two Emergency and Hazardous Chem-
ical Inventory (DOE/RL-2002-13) was issued as required
by law.

Facilities must also report total annual releases of
certain toxic chemicals. The Pollution Prevention Act
requires additional information with the report, and
Executive Order 13148 (65 FR 24595), Greening the
Government Through Leadership in Environmental Man-
agement, extends the requirements to all federal facili-
ties, regardless of the types of activities conducted.
Based on evaluation of Hanford Site toxic chemical
usage data during 2001, the Hanford Site was required
to prepare a Toxic Chemical Release Inventory report
for lead. The 2001 Toxic Chemical Release Inventory
report (DOE/RL-2002-37) includes information about
the quantities of lead released to the environment;
transferred offsite for recycle, treatment, or disposal;
recycled, treated or disposed onsite; source reduction
activities involving lead; and other pollution preven-
tion information.

For reporting year 2001, the Hanford Site issued
the reports and notifications required by this act.
Table 2.2.1 provides an overview of 2001 reporting
under the Emergency Planning and Community Right-
To-Know Act.

Sections of the Act

302-303: Planning notification

313: Toxic chemical release inventory reporting

(a)

Table 2.2.1. Emergency Planning and Community Right-to-Know Act Compliance
Reporting, 2001

304: Extremely hazardous substances release notification

311-312: Material safety data sheet/chemical inventory

Yes® No® Not Required®
X
X
X
X

“Yes” indicates that notifications were provided and/or reports were issued under the applicable provisions.
“No” indicates that notifications or reports should have been provided but were not. “Not Required”
indicates that no actions were required under the applicable provisions, either because triggering thresholds
were not exceeded or no releases occurred.

These notifications apply to the Hanford Site but were completed prior to 2001.

(b)

Compliance Status
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2.2.6 Resource Conservation and Recovery Act (RCRA)

M. J. Hartman

RCRA was enacted in 1976 with the objective of
protecting human health and the environment. In
1984, the Hazardous and Solid Waste Amendments
re-authorized RCRA and imposed new requirements on
the management of hazardous waste. The most important
aspect of RCRA s its establishment of “cradle-to-grave”
management to track hazardous waste from generator to
treatment, storage, and disposal. The Washington State
Department of Ecology has the authority for enforcing
RCRA in the state. At Hanford, RCRA regulates
~70 hazardous waste treatment, storage, or disposal
units that have received waste since implementation of
the act.

2.2.6.1 Hanford Facility RCRA
Permit

J. C. Sonnichsen

The Hanford Facility RCRA Permit (WA 7890008967),
Dangerous Waste Portion that was issued by the Wash-
ington State Department of Ecology has been in effect
since late September 1994 (DOE/RL-91-28). The permit
provides the foundation for all future RCRA permitting
on the Hanford Site in accordance with provisions of
the Tri-Party Agreement (Ecology et al. 1998). Modi-
fication E, Revision 7, of the Hanford Facility RCRA
Permit was appealed. Settlement of the appeal has been
completed and Revision 8 of the Hanford Facility RCRA
Permit is scheduled to be issued in fall 2002.

2.2.6.2 RCRA/Dangerous Waste
Permit Applications and
Closure Plans

J. C. Sonnichsen

For purposes of RCRA and Washington State
dangerous waste regulations (WAC 173-303), the Han-
ford Site is considered a single facility that encompasses
~70 treatment, storage, and disposal units. The Tri-Party
Agreement recognized that all of the units could not be
issued permits simultaneously, and a schedule was estab-
lished to submit unit-specific Part B dangerous waste
permit applications and closure plans to the Washington
State Department of Ecology.

During February 2001, Revision 7 (Modification E)
of the Hanford Facility RCRA Permit Dangerous Waste
Portion was issued. In March 2001, this permit was
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appealed by the permittees (DOE Richland Operations
Office, Bechtel Hanford, Inc., Fluor Hanford, Inc.,
Pacific Northwest National Laboratory, and CHZM
HILL Hanford Group, Inc.) to the Washington State
Department of Ecology to resolve some issues about per-
mit conditions. During 2001, eight Part A, Form 3,
revisions were certified and submitted to the Wash-
ington State Department of Ecology. Since appeal of
the permit, one Part B permit application for final
status has been submitted to the Washington State
Department of Ecology (DOE/RL-2001-64).

2.2.6.3 RCRA Groundwater
Monitoring

B. A. Williams

RCRA groundwater monitoring is part of the Han-
ford Site Groundwater Monitoring Project (see Sec-
tion 6.2). Table 2.2.2 lists the 24 facilities and units (or
waste management areas) that require groundwater
monitoring and notes their monitoring status, and Fig-
ure 6.1.3 shows the locations of these units. Samples
were collected from 233 RCRA wells sitewide in 2001,
the same number as during 2000. A summary of ground-
water monitoring activities and results for these sites
during 2001 is provided in Section 6.4.

Groundwater samples were analyzed for a variety of
dangerous waste constituents and site-specific constitu-
ents, including selected radionuclides. The constituent
lists meet the minimum RCRA regulatory requirements
and are integrated to supplement other groundwater

monitoring project requirements (e.g., Atomic Energy
Act, CERCLA) at the Hanford Site.

During 2001, 16 new RCRA wells were installed
(Table 2.2.3) to fulfill the requirements of Tri-Party
Agreement milestone M-24-00M. The installation of
these 16 wells was successfully completed in November
2001, ahead of the completion deadline of December 31,
2001. Of these 16 wells, 3 were installed at Waste
Management Area B-BX-BY located in the 200-East
Area, 1 at Waste Management Area T, 4 at Waste Man-
agement Area TX-TY, 3 at Waste Management Area U,
and 5 at Waste Management Area S-SX all located in
the 200-West Area. All the wells were completed as
shallow (top of the aquifer) monitoring wells. The wells
have well screens ~10.7 meters (~35-feet) long intended
to monitor the uppermost portion of the unconfined
aquifer. Well data package summaries will be published
in 2002 that contain characterization and construction
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TSD Units,
date initiated

1301-N LWDF,
December 1987

1324-N/NA LWDEF,
December 1987

1325-N LWDF,
December 1987

183-H solar evaporation
basins, June 1985

216-A-29 ditch,
November 1988

216-B-3 pond,
November 1988

216-B-63 trench,
August 1991

216-S-10 pond and
ditch, August 1991

216-U-12 crib,
September 1991

316-5 process trenches,
June 1985

LERE July 1991

LLWMA 1,
September 1988

Table 2.2.2. RCRA Interim and Final Status Groundwater Monitoring Projects, September 2001

Final Status TSD Unit
Groundwater Monitoring

Interim Status TSD Unit
Groundwater Monitoring

Groundwater
Indicator Quiality Corrective
Parameter Assessment, date Detection Compliance Action, date
Evaluation® initiated Evaluation Evaluation initiated
X
X
X
X, 1998
X
X
X
X
X, 1993
X, 1998
X

Groundwater
Monitoring

Regulations

40 CFR 265.93(b)
WAC 173-303-400

40 CFR 265.93(b)
WAC 173-303-400

40 CFR 265.93(b)
WAC 173-303-400

40 CFR 264
WAC 173-303-645(10)

40 CFR 265.93(b)
WAC 173-303-400

40 CFR 265.93(b)
WAC 173-303-400

40 CFR 265.93(b)
WAC 173-303-400

40 CFR 265.93(b)
WAC 173-303-400

40 CFR 265.93(d)
WAC 173-303-400

40 CFR 264
WAC 173-303-645(10)

40 CFR 265.93(b)
WAC 173-303-400

40 CFR 265.93(b)
WAC 173-303-400

Year

Scheduled

for Part B

or Closure

1999

1999

1999

1994

2006t

2003

2006t

2006t

2006t

1996

1998(<H

20026
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TSD Units,
date initiated

LLWMA 2,
September 1988

LLWMA 3,
October 1988

LLWMA 4,
October 1988

NRDWL, October 1986

PUREX cribs®™
1988

WMA A-AX,
February 1990

WMA B-BX-BY,
February 1990

WMA C,
February 1990

WMA S-SX,
October 1991

WMA T,
February 1990

WMA TX-TY,
September - October 1991

Table 2.2.2. (contd) I

Final Status TSD Unit

Interim Status TSD Unit
Groundwater Monitoring

Groundwater Monitoring

Indicator
Parameter

Evaluation®

X

X

Groundwater

Quality
Assessment, date
initiated

X, 1997

X, 1996

X, 1996

X, 1993

X, 1993

Detection Compliance
Evaluation

Evaluation

Corrective
Action, date
initiated

Groundwater
Monitoring
Regulations

40 CFR 265.93(b)
WAC 173-303-400

40 CFR 265.93(b)
WAC 173-303-400

40 CFR 265.93(b)
WAC 173-303-400

40 CFR 265.93(b)
WAC 173-303-400

40 CFR 265.93(d)
WAC 173-303-400

40 CFR 265.93(b)
WAC 173-303-400

40 CFR 265.93(d)
WAC 173-303-400

40 CFR 265.93(b)
WAC 173-303-400

40 CFR 265.93(d)
WAC 173-303-400

40 CFR 265.93(d)
WAC 173-303-400

40 CFR 265.93(d)
WAC 173-303-400

Year
Scheduled
for Part B

or Closure

2002

20026

2002

2006t

TBD)

TBD

TBD

TBD')

TBD

TBD

TBD
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Table 2.2.2. (contd) I

Interim Status TSD Unit Final Status TSD Unit
Groundwater Monitoring Groundwater Monitoring
Groundwater Year
Indicator Quality Corrective Groundwater Scheduled
TSD Units, Parameter Assessment, date Detection Compliance Action, date Monitoring for Part B
date initiated Evaluation® initiated Evaluation Evaluation initiated Regulations or Closure
WMA U, X, 2000 40 CFR 265.93(b) TBD?
October 1990 WAC 173-303-400

(a) Contamination indicator parameters (pH, specific conductance, total organic carbon, and total organic halides) used to determine if a facility is affecting groundwater quality. Exceed-
ing the established limits means that additional evaluation and sampling are required (i.e., groundwater quality assessment). An X in the assessment column indicates whether an
evaluation was needed or an assessment was required.

(b) Monitored according to interim status plan as specified in closure plans.

(c) Closure/postclosure plan; TSD unit will close under WAC 173-303-610.

(d) Closure plan pending Washington State Department of Ecology approval.

(e) Statistical evaluations suspended in January 2001 because only one downgradient well is not dry.

(f)  Part B permit; TSD unit scheduled to operate under final status regulations beginning in year indicated.

(g) Facility Part B permit and final status groundwater monitoring plan contingent on completion of solid waste environmental impact statement.

(h) 216-A-10, 216-A-36B, and 216-A-37-1 combined into one RCRA monitoring unit. RCRA monitoring will be performed according to interim status groundwater quality assessment

requirements.
(i)  Unscheduled.
LERF = Liquid effluent retention facility.
LLWMA = Low-level waste management area.
LWDF = Liquid waste disposal facility.
NRDWL = Nonradioactive Dangerous Waste Landfill.
PUREX = Plutonium-uranium extraction (plant).
RCRA = Resource Conservation and Recovery Act of 1976.
TBD = To be determined.
TSD = Treatment, storage, or disposal (unit).
WMA = Waste management area.




Table 2.2.3. New RCRA Well Installations for
Fiscal Year 2001

Well Number Well ID Program Project
299-E33-337 C3390 B tank farm
299-E33-338 C3391 B tank farm
299-E33-339 C3392 B tank farm
299-W10-27 C3125 TX-TY tank farms
299-W10-28 C3400 T tank farm
299-W14-18 C3396 TX-TY tank farms
299-W15-763 C3339 TX-TY tank farms
299-W15-765 C3397 TX-TY tank farms
299-W18-40 C3395 U tank farm
299-W19-44 C3393 U tank farm
299-W19-45 C3394 U tank farm
299-W22-81 C3123 SX tank farm
299-W/22-82 C3124 SX tank farm
299-W22-83 C3126 SX tank farm
299-W22-84 (C3398 S tank farm
299-W22-85 C3399 SX tank farm

details including detailed geologic and geophysical
descriptions and a complete set of sample analytical
data.

The dropping water table beneath the Central Pla-
teau, resulting from the near cessation of wastewater
discharges to ground-disposal facilities on the plateau,
has caused some wells in the RCRA groundwater moni-
toring networks to go dry. Pump-and-treat operations
have changed the direction of groundwater flow under
some RCRA treatment, storage, and disposal units,
requiring some well network design changes. Wash-
ington State Department of Ecology and DOE have
agreed to focus near-term monitoring well construction
on upgrades at single-shell tank farm waste management
areas and to defer new wells at other waste management
areas.

No major changes occurred during 2001 in RCRA
facility groundwater monitoring at the waste manage-
ment units. At the end of 2001, 11 RCRA waste man-
agement areas were monitored under interim status
indicator parameter evaluation, 7 were monitored under
interim status assessment, 4 were monitored under final
status detection evaluation, and 2 were monitored under
final status corrective action. All the facilities being

monitored under RCRA are scheduled for closure under
the Site Part BRCRA Permit except the Liquid Effluent
Retention Facility and low-level burial grounds (Low-
Level Waste Management Areas 1 to 4), which are oper-
ating facilities. The Liquid Effluent Retention Facility is
currently monitored under final status detection eval-
uation program and Low-Level Waste Management
Areas 1 to 4 will be added as soon as the Part B permit is
approved.

2.2.6.4 RCRA Inspections
R. C. Bowman

Hanford Site contractors and DOE are working to
resolve outstanding notices of violation and warning
letters of non-compliance that were received from the
Washington State Department of Ecology during 2001.
These documents identify conditions that are alleged to
be non-compliant with RCRA requirements. The fol-
lowing list of RCRA non-compliance issues are being

addressed:

e The Washington State Department of Ecology
issued a Notice of Correction on March 1, 2001, fol-
lowing a compliance inspection associated with the
storage of a potentially shock-sensitive chemical
(trade name Collodion) in the form of waste and/or
product in the 222-S Laboratory Complex, Waste
Sampling and Characterization Facility, and Pluto-
nium Finishing Plant. The Notice of Correction
identified three alleged violations, three corrective
measures, and three concerns. DOE has imple-
mented the identified corrective measures.

¢ On March 26, 2001, the Washington State Depart-
ment of Ecology issued a Notice of Penalty in
response to the identification of alleged waste man-
agement violations associated with the storage of a
potentially shock-sensitive chemical (trade name
Collodion) in the form of waste and/or product in
the 222-S Laboratory Complex, Waste Sampling
and Characterization Facility, and Plutonium Fin-
ishing Plant laboratories. The Notice of Penalty
levied a penalty of $57,800 against DOE and Fluor
Hanford, Inc. This issue was appealed to the Pollu-
tion Control Hearing Board (an independent Wash-
ington State appeals board). Resolution efforts are
ongoing.

2.2.7 Clean Air Act
K. A. Peterson

Federal, state, and local agencies enforce the stan-
dards and requirements of the Clean Air Act to regulate
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air emissions at facilities such as the Hanford Site. A
summary of the major agency interfaces and applica-
ble regulations for the Hanford Site is provided in the



following paragraphs. Section 3.1 discusses air emissions
from Hanford facilities. Sections 3.2 and 4.1 discuss
monitoring efforts at the site to determine compliance
with this act and other applicable laws and regulations.
Appendix D, Table D.6 provides a summary of permits
covering air emissions on the Hanford Site.

DOE and EPA signed the Federal Facility Compli-
ance Agreement for Radionuclides NESHAP (EPA 1994).
The agreement provides a compliance plan and schedule
that are being followed to bring the Hanford Site into
compliance with Clean Air Act requirements under
40 CFR 61, Subpart H, for continuous measurement of
emissions from applicable airborne emission sources. All
scheduled milestones of the Federal Facility Compliance
Agreement (EPA 1994) were met in 2001, and Hanford
Site air emissions remained well below the levels that
approach the state and EPA offsite emission standard of
10 millirems per year. The requirements for flow and
emissions measurements, quality assurance, and sam-
pling documentation have been implemented at all
Hanford Site emission sources and/or are tracked for
milestone progress in accordance with a schedule
approved by EPA and monitored by the Washington
State Department of Health.

The Washington State Department of Health’s
Division of Radiation Protection regulates radioactive
air emissions statewide through delegated authority
from EPA and Washington State legislative authority.
The Washington State Department of Health imple-
ments the federal/state requirements under state regula-
tion WAC 246-247. Prior to beginning any work that
would result in creating a new or modified source of
radioactive airborne emissions, a notice of construction
application must be submitted to the Washington State
Department of Health and EPA for review and approval.
Assuring adequate emission controls, emissions
monitoring/sampling, and/or annual reporting of air
emissions are typical requirements for radioactive air
emission sources. The Hanford Site operates under state
license FF-01 for such emissions. Conditions specified in
the FF-01 license were incorporated into the Hanford
Site air operating permit issued in July 2001. The Han-
ford Site air operating permit was issued in accordance
with Title V of the Clean Air Act Amendments of 1990,
and will be implemented through federal and state pro-
grams under 40 CFR 70 and WAC 173-401. The per-
mit is intended to provide a compilation of applicable
Clean Air Act requirements both for radioactive and
non-radioactive emissions at the Hanford Site. The
permit requires the DOE Richland Operations Office
to submit periodic reports and an annual compliance
certification to the Washington State Department of
Ecology.
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The Washington State Department of Ecology’s
Nuclear Waste Program regulates air toxic and cri-
teria pollutant emissions from the Hanford Site. The
Department enforces state regulatory controls for air
contaminants as allowed under the Washington Clean
Air Act (RCW 70.94). The Washington State Depart-
ment of Ecology’s implementing requirements (e.g.,
WAC 173-400; WAC 173-460) specify a review of
new source emissions, permitting, applicable controls,
reporting, notifications, and provisions of compliance
with the general standards for applicable sources of
Hanford Site emissions.

EPA regulates other potential air emission sources
at the Hanford Site. Under 40 CFR 61, Subpart M,
EPA regulations specifically address asbestos manage-
ment requirements under the Clean Air Act. These
regulations apply at the Hanford Site with regard to
building demolition and/or asbestos renovation and
waste disposal operations. Asbestos at Hanford is
handled in accordance with federal/local regulations
and approved contractor procedures. In addition,
40 CFR 82 requires regulation of the service, mainte-
nance, repair, and disposal of certain systems contain-
ing Class I and Class Il ozone-depleting substances
(refrigerants) within facility systems at the Hanford
Site. Implementation of the ozone-depleting substance
management requirements on the Hanford Site is
administered at the facility/project level, as applicable.

At the local level, the Benton Clean Air Authority
was designated authority by EPA to establish a local
oversight and compliance program for asbestos renova-
tion and/or demolitions, as regulated by EPA under the
National Emission Standards for Hazardous Air Pollut-
ants (40 CFR 61, Subpart M). In addition, the Benton
Clean Air Authority regulates open burning, as an
extension of the Washington State Department of
Ecology’s open burning requirements (WAC 173-425).
The Benton Clean Air Authority administers federal/
state regulations by reference, as well as imposes addi-
tional requirements on sources within the local agency’s
jurisdiction.

Clean Air Act Enforcement
Inspections
R. C. Bowman

Hanford Site contractors and DOE are working to
resolve outstanding notices of violation and warning
letters of non-compliance that were received from the
Washington State Department of Health and

Compliance Status




Washington State Department of Ecology during 2001.
These documents identify conditions that are alleged to
be non-compliant with Clean Air Act requirements.
The following list of non-compliance issues are being

addressed:

On January 16, 2001, the Washington State Depart-
ment of Health issued a Notice of Correction against
all sampling systems (including the sampling system
on stack 291-Z-1 that provides ventilation for the
Plutonium Finishing Plant) used to measure emis-
sions from facilities on the Hanford Site. The Wash-
ington State Department of Health wrote the Notice
of Correction based on findings associated with
inspection of the 291-Z-1 sample probe and their
review of sample filters used to measure emissions
from various facilities located on the Hanford Site.
They alleged that there were two reported instances
of monitored releases attributed to particles depos-
ited in the sample line. The Notice of Correction
required that DOE develop criteria and a schedule
for the full review of all emission sampling systems
(major and minor) on the Hanford Site. DOE pro-
vided a response to this Notice of Correction. Cor-
rective action efforts are ongoing.

A Notice of Violation and Compliance Order was
received on March 23, 2001. The Washington State
Department of Health alleged that DOE failed to
properly notify them following a continuous air
monitor alarm in stack 291-Z-1 at the Plutonium
Finishing Plant on February 23, 2001, which indi-
cated a release of radioactive material to the air. The
Notice of Violation and Compliance Order required
DOE to propose to the Washington State Depart-
ment of Health a corrective action to assure this does
not recur. The Washington State Department of
Health also posed a number of questions regarding
the extent and nature of the release, as well as deci-
sions that were made during and after the event.
DOE provided a response to this Notice of Viola-
tion and Compliance Order. Corrective action
efforts are ongoing.

On May 11, 2001, the Washington State Depart-
ment of Health issued a Notice of Correction
against emission unit 296-P-23. This unit is a stack
at the S tank farm. The Notice of Correction was
issued based on findings associated with inspection

of the S tank farm. The Washington State Depart-
ment of Health alleged that emission unit 296-P-23
was not maintained in a condition consistent with
as-low-as-reasonably-achievable control technology.
The Notice of Correction required that DOE pro-
vide a procedure that assures emission unit indica-
tion devices (continuous air monitor data,
high-efficiency particulate air differential pressure
readings, etc.) are monitored and evaluated for
changing conditions that may indicate abatement
controls are not operating as designed. This proce-
dure applies to all DOE emission units on the
Hanford Site. DOE provided a response to this
Notice of Correction. Corrective action efforts are
ongoing.

On July 10, 2001, the Washington State Department
of Health issued a Notice of Correction against the
296-S-16 emission unit. The 296-S-16 emission unit
is a stack at the 222-S laboratory. The Washington
State Department of Health wrote the Notice of
Correction based on their concern that a temporary
repair of the high-efficiency particulate air filter
clamping mechanism did not meet the as-low-as-
reasonably-achievable control technology standard
requirements. The Notice of Correction required
that DOE provide a plan and schedule to replace
the existing high-efficiency particulate air filter
housing. The Notice of Correction also required
additional sampling and testing of the current
high-efficiency particulate air filter installation
until the high-efficiency particulate air filter hous-
ing is replaced. DOE provided a response to this
Notice of Correction. Corrective action efforts are
ongoing.

A Notice of Violation and Compliance Order was
received from the Washington State Department of
Health on October 15, 2001. The Washington State
Department of Health alleged that DOE’s prime
contractor, Fluor Hanford, Inc., is in violation of
WAC 246-247-040(4), which states that all exist-
ing emission units shall use as-low-as-reasonably-
achievable control technology. This Notice of
Violation and Compliance order is associated with
the Notice of Correction issued by the Washington
State Department of Health on May 11, 2001. All
corrective actions associated with this Notice of
Violation and Compliance Order were completed.

2.2.8 Clean Water Act

J. A Winterhalder Site, the regulations are applied through National Pol-
lutant Discharge Elimination System (40 CFR 122) per-

The Clean Water Act applies to point source dis- mits that govern effluent discharges to the Columbia

charges to waters of the United States. At the Hanford
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River. There is one National Pollutant Discharge
Elimination System permit, WA-002591-7, for the Han-
ford Site. The permit covers three active outfalls: out-
fall 001 for the 300 Area Treated Effluent Disposal
Facility and outfalls 003 and 004 in the 100-K Area.
Fluor Hanford, Inc. is the holder of this permit.

The Hanford Site was covered by one stormwater
permit in 2001. EPA’s National Pollutant Discharge
Elimination System Storm Water Multi-Sector General
Permit WARO5AS5T7F establishes the terms and condi-
tions under which stormwater discharges associated
with industrial activity are authorized. This permit was
issued on May 30, 2001, and supersedes all other
National Pollutant Discharge Elimination System
stormwater permits previously in effect at the site.

Wastewater from the William R. Wiley Environ-
mental Molecular Sciences Laboratory located in the
Richland North Area, is discharged to the city of Rich-
land’s wastewater treatment facility under pretreatment
permit CR-IUO005. This permit, formerly issued by the
city to the DOE Richland Operations Office, was
re-issued to Battelle on October 1, 2001.

There are numerous sanitary waste discharges to
the ground throughout the site. Sanitary waste from the

400 Area is discharged to the Energy Northwest treat-
ment facility (see Figure 1.0.1 for Energy Northwest
location). Sanitary waste from the 300 Area, the for-
mer 1100 Area, and other facilities north of, and in,
Richland discharge to the city of Richland treatment
facility.

State Wastewater Discharge
Permit Program

W. E. Toebe

The Washington State Department of Ecology,
State Wastewater Discharge Permit Program regulates
the discharge or disposal of wastewater to surface or
ground waters. The program’s goal is to maintain the
highest purity of public waters by limiting pollutant
discharges to the greatest extent possible. In calendar
year 2001, the Hanford Site had seven state waste dis-
charge permits issued by the Washington State Depart-
ment of Ecology. A brief summary of each permit is
provided in Appendix D, Table D.6.

2.29 Safe Drinking Water Act

L. M. Kelly

There were nine public water systems on the Han-
ford Site in 2001. All public water systems are required
to meet the Safe Drinking Water Act, the Safe Drinking
Water Act Amendments of 1986, and the Safe Drinking
Water Act Amendments of 1996. Specific performance
requirements are defined within the federal regulations
(40 CFR 141, EPA-570/9-76-003, EPA 822-R-96-001)
and WAC 246-290. The drinking water program has
been updated to comply with the changing regulatory
requirements. A complete revision of WAC 246-290
was issued on April 9, 1999, and all site water programs
have had the necessary changes incorporated.

The compliance monitoring program elements are
updated annually with monitoring cycles beginning in
January. Drinking water is monitored for radionuclides,
inorganics, synthetic and volatile organics, lead, copper,
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asbestos, disinfectant byproducts, and coliform bacteria.
All sampling results for 2001 met the requirements of
the Washington State Department of Health. Sample
results for radiological monitoring of drinking water
are discussed in Section 4.3.

The 200-East Area water treatment plant remains
on standby if needed. The 283-W water treatment
plant in the 200-West Area, provides potable water to
customers in both 200 Areas as the primary water supply.
The 300 Area treatment plant remains on standby if
needed. The well that supplied water to the Hanford
Patrol Training Academy was taken out of service for
potable use in May 1999. The well remains in service for
irrigation purposes only. The training academy is now
supplied by the city of Richland, which maintains the
system and samples the quality of the drinking water.
Drinking water at the Fast Flux Test Facility (400 Area)
was drawn from a local groundwater well (499-S1-8J).

Compliance Status




2.2.10 Toxic Substances Control Act

A. L. Prignano

Requirements in the Toxic Substances Control Act
that apply to the Hanford Site primarily involve regu-
lation of polychlorinated biphenyls. Federal regulations
for use, storage, and disposal of polychlorinated
biphenyls are found in 40 CFR 761. The state of Wash-
ington also regulates certain classes of polychlorinated
biphenyls through the Dangerous Waste Regulations in
WAC 173-303.

Non-radioactive and certain categories of radio-
active polychlorinated biphenyl waste are stored and
disposed of in accordance with 40 CFR 761. Other
radioactive polychlorinated biphenyl waste remains in
storage onsite pending the development of adequate
treatment and disposal technologies and capacities.
Electrical equipment that might contain polychlo-
rinated biphenyls or polychlorinated biphenyl items is
maintained and serviced in accordance with 40 CFR 761.

The “Framework Agreement for Management of
Polychlorinated Biphenyls in Hanford Tank Waste”
signed on August 31, 2000 (http://yosemite.epa.gov/
R10/OWCM.NSF/permits/hanfordframework), has
resulted in EPA, Washington State Department of
Ecology, and DOE and its Hanford Site contractors
working together to resolve the regulatory issues associ-
ated with managing polychlorinated biphenyl waste at
the Waste Vitrification Plant (now under construction),
in tank farms, and at affected units upstream and down-
stream of the tank farms. The flexibility of the 1998
polychlorinated biphenyl disposal amendments in
40 CFR 761 is used at the Hanford Site to allow neces-
sary storage and to expedite disposal of Toxic Substances
Control Act regulated polychlorinated biphenyl waste.

An operational run was performed at the 242-A
evaporator (200-East Area) on polychlorinated biphenyl
waste under the authority of a risk-based disposal
approval in March 2001 (Section 2.3.8.1). EPA
approved the run in February 2001. This activity reduced
tank waste volume by ~2,441,591 liters (~645,000 gal-
lons). In 2001, work continued on a RCRA risk assess-
ment for treatment of tank waste at the future Waste
Vitrification Plant. Results of this assessment will be
used to evaluate polychlorinated biphenyls regulated by
the Toxic Substances Control Act as well. Additional
disposal approvals for polychlorinated biphenyl waste
originating from cleanup activities, double-shell tanks,
the Liquid Effluent Retention Facility, and the Effluent
Treatment Facility were prepared during 2001 for sub-
mittal to EPA in 2002.

A polychlorinated biphenyl strategy team and a
polychlorinated biphenyl technical team consisting of
DOE Richland Operations Office, DOE Office of River
Protection, and DOE Hanford Site contractor repre-
sentatives were formed to expedite resolution of poly-
chlorinated biphenyl issues on a Hanford sitewide basis.
A Toxic Substances Control Act Polychlorinated Biphenyl
Hanford Site Users Guide was drafted in 2001 (DOE/
RL-2001-50) to assure consistent interpretation and
implementation of Toxic Substances Control Act poly-
chlorinated biphenyl regulations throughout the Han-
ford Site. In addition, discussions were held with
representatives throughout the DOE complex to iden-
tify and address various Toxic Substances Control Act/
polychlorinated biphenyl compliance topics.

2.2.11 Federal Insecticide, Fungicide, and Rodenticide Act

J. M. Rodriguez

The Federal Insecticide, Fungicide, and Rodenticide
Act is administered by EPA. The standards adminis-
tered by the Washington State Department of Agricul-
ture to regulate the implementation of the act in
Washington State include: Washington Pesticide Control
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Act (RCW 15.58), Washington Pesticide Application Act
(RCW 17.21), and rules relating to general pesticide
use codified in WAC 16-228. At the Hanford Site,
pesticides are applied by commercial pesticide operators
who are listed on one of two commercial pesticide appli-
cator licenses and by a private commercial applicator.



2.2.12 Endangered Species Act

R. K. Zufelt

Many rare species of native plants and animals are
known to exist on the Hanford Site. Three species that
may occur onsite (bald eagle, steelhead trout, and
spring chinook salmon) are listed by the U.S. Fish and
Wildlife Service as either threatened or endangered
(50 CFR 17.11). Others are listed by the Washington
Department of Fish and Wildlife as endangered, threat-
ened, or sensitive species (see Appendix G). The bald
eagle is currently under review for a change in listing
status. The site wildlife monitoring program is discussed
in Section 8.2.

Bald eagles are seasonal visitors to the Hanford Site.
Several nesting attempts along the Hanford Reach were
documented by Pacific Northwest National Laboratory
in the 1990s. The Hanford Site bald eagle management
plan (DOE/RL-94-150) was finalized in 1994. That plan
established seasonal 800-meter (2,600-foot) zones of
restricted access around all active nest sites and five
major communal roosting sites. If nesting activities at
the historical nesting sites are observed in January and
early February, all Hanford-related activities within the
restricted access zone are constrained or limited until

the pair abandons nesting or successfully rears young.
In 1997 and 1998, nests were built by two pairs of eagles,
but the nesting attempts were abandoned by May. One
pair attempted to nest again in 1999. The pair occupied
and tended the nest through August, but no eggs were
laid and no young were reared. The nest was again
occupied for a short time in 2000, but no nesting activity
was observed. In 2001, the pair attempted to nest again
but abandoned the nest by mid-March.

Steelhead and salmon are regulated as evolutionary
significant units by the National Marine Fisheries
Service based on their historical geographic spawning
areas. The evolutionary significant units for the upper
Columbia River steelhead and the upper Columbia
River spring-run chinook salmon were listed as endan-
gered in August 1997 and March 1999, respectively. A
Hanford Site steelhead management plan (DOE/RL-
2000-27) was prepared and will serve as the formal plan
for the National Marine Fisheries Service as required
under the Endangered Species Act. Like the bald eagle
management plan, the steelhead management plan dis-
cusses mitigation strategies and lists activities that can
be conducted without impacting steelhead trout or
their habitats.

2.2.13 Migratory Bird Treaty Act

M. R. Sackschewsky

The Migratory Bird Treaty Act prohibits taking or
disturbing specified migratory birds or their feathers,
eggs, or nests. There are over 100 species of birds that
regularly occur on the Hanford Site that are protected by
the Migratory Bird Treaty Act.

All Hanford Site projects with a potential to effect
federally- or state-listed species of concern complied with

the requirements of this act by using the ecological
review process as described in the Hanford Site Biological
Resources Management Plan (DOE/RL-96-32). When
applicable, the ecological reviews produced recommen-
dations to minimize the adverse impact to migratory
birds, such as performing work outside of the nesting
season and minimizing the loss of habitat.

2.2.14 Cultural Resources

D. W. Harvey

Cultural resources on the Hanford Site are mainly
subject to the provisions of the following seven acts, one
executive order, and one Presidential Proclamation:
American Indian Religious Freedom Act; Antiquities Act;
Archaeological and Historic Preservation Act; Archaeological
Resources Protection Act; Executive Order 11593, Protec-
tion and Enhancement of the Cultural Environment
(36 FR 8921); Historic Sites, Buildings, and Antiquities Act;

National Historic Preservation Act; Native American
Grawes Protection and Repatriation Act, and Proclama-
tion 7319 of June 9, 2000 (65 FR 37253). Compliance
with these regulations is accomplished through an active
management and monitoring program. Included is the
review of all proposed projects to assess their potential
impact on cultural resources and the periodic inspection
of known archaeological sites and historic buildings to
determine their condition and eligibility for listing in the
National Register of Historic Places. The effects of land
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management policies on archaeological sites and build-
ings, and management of a repository for federally owned
archaeological collections and Manhattan Project and
Cold War era artifacts are also evaluated. Federal agen-
cies, as a matter of policy, are directed by Executive Order
11593 and Section 110 of the National Historical Preserva-
tion Act to administer the cultural and historic properties
under their control in a spirit of stewardship and trustee-
ship for future generations.

In 2001, 150 cultural resource reviews were conduct-
ed on the Hanford Site to comply with Section 106 of the
National Historic Preservation Act. The American Indian
Religious Freedom Act requires federal agencies to help
protect and preserve the rights of Native Americans to
practice their traditional religions. DOE cooperates with
Native Americans by providing site access for organ-
ized religious activities. The regulations of the Native
American Graves Protection and Repatriation Act provides
a process to determine the rights of Indian Tribes “to

certain Native American human remains, funerary
objects, sacred objects, or objects of cultural patrimony
with which they are affiliated” (43 CFR 10). Proclama-
tion 7319 of June 9, 2000 established the Hanford Reach
National Monument that incorporated selected areas of
the Hanford Site. Administered by DOE Richland
Operations Office and the U.S. Fish and Wildlife Service,
“the monument is one of the few remaining archaeo-
logical rich areas in the western Columbia Plateau, con-
taining well-preserved remnants of human history
spanning more than 10,000 years” (65 FR 37253). Pres-
ident Clinton issued a memorandum to the Secretary of
Energy the same day the proclamation was signed direct-
ing DOE to manage and protect “...objects of scientific
and historic interest...where practical” in the site’s cen-
tral area as if they were in monument lands.

See Section 8.3 for more details regarding the cul-
tural resources program on the Hanford Site.

2.2.15 National Environmental Policy Act

M. T. Jansky

The National Environmental Policy Act requires con-
sideration of the effects of federal actions before those
actions are taken. The preparation of an environmental
impact statement is required for federal actions deter-
mined to be major federal actions with the potential to
impact the quality of the human environment. Other
National Environmental Policy Act documents include an
environmental assessment prepared when it is uncertain
if a proposed action has the potential to significantly
impact the environment and, therefore, would require
the preparation of an environmental impact statement.
A summary and status of environmental assessments
that apply to specific activities and facilities on the Han-
ford Site may be found in the National Environmental
Policy Act Source Guide for the Hanford Site (HNF-SP-
0903). The report is updated annually. A supplemental
analysis is prepared to consider new information devel-
oped since issuance of a National Environmental Policy
Act environmental impact statement and record of deci-
sion. The purpose is to consider if the federal action is still
bounded by the original environmental impact state-
ment and record of decision or if a supplemental environ-
mental impact statement is required.

Additionally, certain types of actions may fall into
typical classes that have already been analyzed by DOE
and have been determined not to result in a significant
environmental impact. These actions are called cate-
gorical exclusions, and, if eligibility criteria are met, they
are exempt from National Environmental Policy Act
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environmental assessment or environmental impact
statement requirements. Typically, the DOE Richland
Operations Office documents more than 20 specific
categorical exclusions annually, involving a variety of
actions by multiple contractors. In addition, sitewide
categorical exclusions are applied to routine, typical
actions conducted daily on the Hanford Site. In 2001,
there were 20 sitewide categorical exclusions.

The Council on Environmental Quality, which
reports directly to the President, was established to
oversee the National Environmental Policy Act process.
National Environmental Policy Act documents are pre-
pared and approved in accordance with Council on Envi-
ronmental Quality National Environmental Policy Act
regulations (40 CFR 1500-1508), DOE National Envi-
ronmental Policy Act implementation procedures
(10 CFR 1021), and DOE Order 451.1B Change 1. In
accordance with the Order, DOE documents prepared
for CERCLA projects incorporate National Environ-
mental Policy Act values such as analysis of cumulative,
offsite, ecological, and socioeconomic impacts to the
extent practicable in lieu of preparing separate National
Environmental Policy Act documentation.

Each year, Pacific Northwest National Laboratory
updates a document (PNL-6415) that describes the
environment on the Hanford Site. This document is
intended to provide a consistent description of the Han-
ford Site environment and specific information on the
affected environment and statutory and regulatory
requirements for the many National Environmental Policy



Act documents prepared by DOE contractors. This
report contains the relevant data for use in preparing
documents for Hanford National Environmental Policy
Act, Washington State Environmental Policy Act (RCW
43.21C), and CERCLA documents.

2.2.15.1 Recent Environmental
Impact Statements

M. T. Jansky

The potential environmental impact associated
with ongoing, major operations at the site has been ana-
lyzed in environmental impact statements issued in the
past several years and the ensuing records of decision.
Additional National Environmental Policy Act reviews
and supplemental analyses as appropriate are being con-
ducted during the course of the actions, moving forward
as described in the records of decision.

A final environmental impact statement for the
stabilization of plutonium-bearing materials at the
Plutonium Finishing Plant was issued in May 1996
(DOEJEIS-0244F). The proposed action is to stabilize
selected plutonium-bearing materials for interim storage
and immobilize some materials for transport to a Hanford
Site solid waste management facility. The record of
decision was issued in July 1996 (61 FR 36352). Five
supplemental analyses approved through 2000 (DOE/
EIS-0244-FS/SA1 through DOE/EIS-0244-FS/SA5)
resulted in determinations that no additional National
Environmental Policy Act analyses were required.

A supplemental analysis (DOE/EIS-0244-FS/SA6)
was issued on May 4, 2001, and provided the basis to
determine if a supplemental environmental impact state-
ment was required prior to packaging plutonium alloys
for shipment to the Waste Isolation Pilot Plant (with
potential interim storage at the Hanford Site before ship-
ment). The analysis determined that a supplemental
environmental impact statement was not required.

A supplemental analysis (DOE/EIS-0244-FS/SAT)
was issued on August 6, 2001, and provided the basis to
determine if a supplemental environmental impact state-
ment was required before disposition of all Plutonium
Finishing Plant plutonium-bearing solutions either as
(1) stored plutonium oxide using a magnesium hydrox-
ide and/or oxalate precipitation process, or (2) waste.
This document reported that additional National Envi-
ronmental Policy Act analysis was not required.

The DOE Office of River Protection is planning to
perform a supplemental environmental impact state-

ment to the Tank Waste Remediation System Environ-
mental Impact Statement (DOE/EIS-0189) because of a

potential change in the management of immobilized
low-activity waste. A Notice of Intent to prepare an '+ = ¥
environmental impact statement is being prepared.

2.2.15.2 Programmatic and L
Offsite Environmental Vi
Impact Statements é: '
M. T. Jansky T'-'.. !

The draft environmental impact statement, Idaho
High-Level Waste & Facilities Disposition Final Environ-
mental Impact Statement (DOE/EIS-0287D), was issued
by the Idaho National Engineering and Environmental
Laboratory in December 1999 for the disposition of
Idaho high-level waste and facilities in which Hanford
was listed as an alternative disposal site. Public com-
ments were received through April 2000. The final
environmental impact statement was expected to be
issued in 2001 but is now expected to be released in 2002.

The Final Programmatic Environmental Impact State-
ment for Accomplishing Expanded Civilian Nuclear Energy
Research and Development and Isotope Production Missions
in the United States, Including the Role of the Fast Flux Test
Facility (DOE/EIS-0310) was issued in December 2000.
The final statement evaluated the expanded civilian
nuclear energy research and development and isotope
production missions in the United States including the
role of the Fast Flux Test Facility at the Hanford Site (see
Section 2.3.4). A Record of Decision was issued on
January 19, 2001 (66 FR 7877) indicating the Fast Flux
Test Facility would be permanently deactivated. On
April 25, 2001, the new Secretary of Energy, Spencer
Abraham, suspended the National Environmental Policy
Act Record of Decision ordering a thorough and compre-
hensive review of the Fast Flux Test Facility, which
included an initial review of all information that might
be relevant to a decision on the future of the facility,
as well as a review of expressions of interest to commer-
cially operate the facility. After these extensive review
efforts, DOE announced on December 19, 2001, that

deactivation of the facility would proceed.

2.2.15.3 Site-Specific
Environmental Impact
Statements in Progress

M. T. Jansky

A draft environmental impact statement, Hanford
Site Solid (Radioactive and Hazardous) Waste Program
Environmental Impact Statement (DOE/EIS-0286) is

Compliance Status



being prepared by DOE Richland Operations Office.
The draft environmental impact statement was released
in April 2002.

US Ecology operates a commercial low-level radio-
active waste disposal site near the 200 Areas on land
leased from the federal government by the state of Wash-
ington. The Washington State Department of Health
and Washington State Department of Ecology distrib-
uted a draft environmental impact statement for the
facility for comment in August 2000. This Washington
State Environmental Policy Act (RCW 43.21C) impact
statement considers the renewal of US Ecology’s license
to operate the waste site, to increase the upper limit for
disposal of naturally occurring radioactive materials, and
to approve the site stabilization and closure plan. A final
decision was planned for 2001, but is now expected in

2002.
2.2.154 Recent Environmental
Assessments

M. T. Jansky

An environmental assessment was prepared to
determine whether an environmental impact statement
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would be required for storage of K Basins’ sludge at the
221-T Building (T Plant, 200-West Area) at the Hanford
Site (DOE/EA-1369). The environmental assessment
analyzed the impact of modifications to the T Plant
Complex, and the offloading and storage of up to
70 cubic meters (2,480 cubic feet) of K Basins’ sludge. A
finding of no significant impact was issued on June 20,
2001, determining that no further review was required
under the National Environmental Policy Act.

An environmental assessment was prepared to
determine whether an environmental impact statement
would be required for continued operation of onsite
locations for a supply of raw aggregate materials (e.g.,
sand and gravel) for new facility construction, mainte-
nance of existing facilities and transportation corridors,
and fill and capping material for remediation and other
sites (DOE/EA-1403). The environmental assessment
analyzed the potential impact of removing ~7.6 million
cubic meters (~10 million cubic yards) of aggregate mate-
rial over the next 10 years. A finding of no significant
impact was issued on October 10, 2001, determining
that no further review was required under the National
Environmental Policy Act.



e

2.3 Hanford Operations

J. P. Duncan

This section describes continuing Hanford Site
environmental and regulatory activities. Included are
self-assessments, inspections by regulatory agencies,
stakeholder communications identifying environmental

compliance issues, and project compliance activities.
Activities, accomplishments, and relevant issues are
presented and discussed openly with the regulators and
with the public to assure resolution.

2.3.1 Pollution Prevention Program

J. M. Satt

Pollution prevention is DOE’s preferred approach to
environmental management. The Hanford Site Pollu-
tion Prevention Program is an organized and continuing
effort to reduce the quantity and toxicity of hazardous,
radioactive, mixed, and sanitary waste. The program
fosters the conservation of resources and energy, the
reduction of hazardous substance use, and the preven-
tion or minimization of pollutant releases to all environ-
mental media from all operations and site cleanup
activities.

The program is designed to satisfy DOE require-
ments, executive orders, and federal and state regulations
and requirements. In accordance with sound environ-
mental management, preventing pollution through
source reduction is the first priority in this program; the
second priority is environmentally safe recycling. Waste
treatment to reduce quantity, toxicity, or mobility (or a
combination of these) is considered only when source

reduction and recycling are not possible or practical.
Approved disposal to the environment at permitted sites
is the last option.

Overall responsibility for the Hanford Site Pollution
Prevention Program resides with the DOE Richland
Operations Office. The office defines overall program
requirements that each Hanford Site prime contractor is
responsible for meeting.

Hanford Site pollution prevention efforts in 2001
helped to reduce disposal quantities through source
reduction and recycling by an estimated 32,405 cubic
meters (1,144,371 cubic feet) of radioactive and mixed
waste, 33,387 metric tons (36,803 tons) of RCRA
hazardous/dangerous waste, and 3,428 metric tons
(3,779 tons) of sanitary waste. Waste disposal cost
savings in 2001 exceeded $23 million for these activi-
ties. During 2001, the Hanford Site recycled 673 metric
tons (742 tons) of paper products and 708 metric tons
(780 tons) of various metals.

2.3.2 Spent Nuclear Fuel Project

D.J. Watson

The Spent Nuclear Fuel Project was established in
February 1994 to provide safe, economically, and envi-
ronmentally sound management of Hanford Site spent
(irradiated) nuclear fuel, and to prepare the fuel for long-
term storage or final disposal. During 2001, the project
continued to make progress on an accelerated strategy to
move spent fuel stored in the K-West and K-East Basins
in the 100-K Area, away from the Columbia River into
the Canister Storage Building in the 200-East Area. The
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40-year-old K Basins temporarily store 2,100 metric tons
(2,300 tons) of N Reactor spent fuel and a small quantity
of slightly irradiated single-pass reactor fuel. The spent
fuel is removed from underwater storage in the K Basins
and placed in dry interim storage in the 200-East Area.
Prior to interim storage, the fuel is cleaned and packaged
into containers called multi-canister overpacks. The
overpacks are vacuum processed to remove any water
and then mechanically sealed at the Cold Vacuum
Drying Facility located in the 100-K Area. The dried
overpacks are then transported to the Canister Storage



Building, a welded cap is attached over the mechanical
seal, and the overpack is put in dry storage. The multi-
canister overpacks will be maintained in dry storage,
pending a decision by the Secretary of Energy on final
disposition. If necessary, the repackaged spent fuel could
remain in dry storage for up to 40 years. This strategy
supports completion of fuel removal from the K Basins by
the Tri-Party Agreement date of July 2004.

The corrosion of fuel, as well as fuel handling opera-
tions have led to the accumulation of sludge and debris
in old fuel storage canisters and on the floors of the
K Basins. The majority of the sludge is in the K-East
Basin. The sludge, debris, and empty storage canisters
will be removed during the same time period the spent
nuclear fuel is removed. Water remaining in the basins
will also be removed, treated at the Effluent Treatment
Facility and disposed of onsite. Debris and old fuel
canisters will be transported to the Environmental
Restoration Disposal Facility for disposal to the extent
possible. Debris that does not meet acceptance criteria
for the Environmental Restoration Disposal Facility will
be transferred to the appropriate onsite waste manage-
ment facility. The K Basins will then be prepared for
interim stabilization pending final remediation.

The Spent Nuclear Fuel Project also includes in its
mission, the gathering of other spent nuclear fuel stored
elsewhere on the Hanford Site and the relocation of that
spent nuclear fuel to the 200-East Area Interim Storage
Area or to the Canister Storage Building. Other spent
nuclear fuels and their storage locations include:

e fuel from the Fast Flux Test Facility in the 400 Area

e fuel from the Training, Research, and Isotope Pro-
duction General Atomics in the 400 Area

e reactor fuel from Shippingport, Pennsylvania, at
T Plant in the 200-West Area

® miscellaneous special case and research reactor
fuels in the 324, 325, and 327 buildings in the
300 Area.

Major accomplishments of the Spent Nuclear Fuel
Project in 2001 included the following items:

e Installed two new underwater tables to increase pro-
ductivity in the K-West Basin used to sort, inspect,
and repackage the spent nuclear fuel.

e Fabricated nearly 330 fuel baskets to hold spent
nuclear fuel prior to loading the fuel in a multi-
canister overpack.

e Removed 38 multi-canister overpacks containing
~178.6 metric tons (~196.9 tons) of spent nuclear
fuel to the Canister Storage Building. This brings
the cumulative number of multi-canister overpacks
removed to date to 39, representing 183.4 metric
tons (202.2 tons) of spent nuclear fuel.

e Started construction at the K-East and K-West
Basins to make the modifications necessary to
transfer the K-East Basin spent nuclear fuel inven-
tory to the K-West Basin.

2.3.3 River Corridor Project
G. J. LeBaron

The mission of the River Corridor Project includes
the following activities:

e for assigned contaminated facilities in the 200 and

300 Areas

- deactivate in preparation for decontamination
and decommissioning

- perform surveillance and maintenance

- characterize as necessary to identify and miti-
gate hazards
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e collect and treat 300 Area process wastewater

e provide for safe and secure storage of special
nuclear material, nuclear material, and nuclear fuel
until these materials can be transferred to another
facility, sold, or otherwise dispositioned.

To accomplish these tasks, the River Corridor
Project oversees the efforts discussed in the following
sections.



2.3.31 Accelerated
Deactivation Project

J. M. Barnett

The mission of the Accelerated Deactivation Proj-
ect is to complete facility deactivation and closure activ-
ities while maintaining the facilities in a safe and
compliant status until they are turned over to the Envi-
ronmental Restoration Program.

300 Area Accelerated Deactivation. Accelerated
deactivation in the 300 Area focuses on several 300 Area
buildings and structures that date back to 1943. It
includes fuel supply facilities that were used to support
the manufacturing of nuclear fuel for the Hanford Site
reactors. Significant accomplishments during 2001
included the following activities:

e demolished the 303-K Building structure

e completed the transfer of 235 metric tons (259 tons)
of uranium billets (short, thick bars) to Portsmouth,

Ohio

e completed the transfer of 135 metric tons (149 tons)
of contaminated uranium fuel to the 200 Areas
low-level burial grounds.

200 Area Accelerated Deactivation. Accelerated
deactivation in the 200 Area includes the surveillance,
maintenance, and deactivation of facilities in the
200-East Area, 200-West Area, and Fitzner/Eberhardt
Arid Lands Ecology Reserve.

Facilities where work was conducted under this pro-
gram in 2001 included the 224-T facility in the 200-West
Area. The cells at the 224-T facility were deactivated
and closed during the 1960s. However, no documenta-
tion could be found concerning the flushing and final
state of the cells and few entries had been made since
its closure. During 2001, remote entries were made into
each cell and a non-destructive analysis was performed to
determine the amount of plutonium remaining in each
vessel. Plans are being made to more fully characterize
the vessels and cells. Plans were also prepared to start
characterizing the duct work at 231-Z and to determine
what would need to be done to transfer the Fitzner/
Eberhardt Arid Lands Ecology Reserve to the U.S. Fish
and Wildlife Service.
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2.3.3.2 324 and 327 Facilities
Deactivation Project

D.E. Rasmussen

Construction of the 324 and 327 Buildings was
completed and operations began in 1966 and 1953,
respectively. These buildings contain hot cells that
were used for radiological research and development
work. Both facilities were transferred to Fluor Hanford,
Inc. in 1996 for deactivation and closure. (Refer to
Section 2.2.1 for more information about Tri-Party
Agreement milestones.)

Significant accomplishments achieved at the

324 Building in 2001 included the following:

e Equipment and debris from B-Cell were removed
and shipped to the 200 Areas in support of successful
fulfillment of Tri-Party Agreement milestone
M-89-02.

e The dispersible materials from the B-Cell floor
were collected, put in containers, and shipped to
the 200 Areas in support of successful fulfillment
of Tri-Party Agreement milestone M-89-02.

* Twenty-one grout containers and five mixed waste
containers were packaged and shipped to the
200-West Area Burial Ground and Central Waste
Complex in support of completion of Tri-Party
Agreement milestone M-89-02.

e DPhase II Special Case Waste materials were pack-
aged and removed from the facility on schedule,
meeting Tri-Party Agreement milestone M-92-15.

Significant accomplishments achieved at the
327 Building in 2001 included the following:

e Waste packaging and shipping activities were
completed for 3.8 cubic meters (134.2 cubic feet) of
mixed low-level waste, 0.52 cubic meter (18.4 cubic
feet) of transuranic waste, and 0.74 cubic meter
(26.1 cubic feet) of non-radioactive dangerous
waste.

e A Washington State Department of Ecology-
witnessed inspection of the Burst Test Heat
Exchanger Pit was performed, with no regulatory
issues identified. Analysis and disposition of slightly
radioactive residual water in the pit were completed.
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e Eleven legacy waste buckets from F Cell and four
legacy waste buckets from the Supplemental
Enriched Recovery Facility Cell were transferred to
A Cell, in support of special case waste disposition
activities relating to the Tri-Party Agreement mile-
stone M-92-16, which is ahead of schedule. Trans-
fer of retrievable material cans from dry storage to
A Cell was completed in support of dry storage
cleanout activities. Washington State Department
of Ecology personnel visited the 327 Facility to
observe the status of special case waste disposition
activities, with no issues identified.

e Interim cleanout of I Cell was completed, with
removal of unneeded material/equipment.

2.3.3.3 300 Area Liquid
Effluent Facilities

J. R. Hilliard

340 Waste Handling Facility. In the past, the
340 Waste Handling Facility provided for the receipt,
storage, and shipment of low-level, mixed, liquid waste
from the 300 Area to the double-shell tanks. The accu-
mulated waste was pumped into railcars, transported to
the 200-East Area for neutralization, then transferred to
double-shell tanks for storage. The facility ceased receiv-
ing waste in September 1998 and is currently in a standby
mode awaiting deactivation.

310 Treated Effluent Disposal Facility. Cur-
rently, industrial wastewater generated throughout the
Hanford Site is accepted and treated in the 300 Area
Treated Effluent Disposal Facility. Laboratories, research
facilities, office buildings, and former fuel fabrication
facilities in the 300 Area are the primary sources of waste-
water. The wastewater consists of once-through cooling
water, steam condensate, and other industrial waste-
water. The facility began operation in December 1994.

This facility is designed for continuous receipt of
wastewater, with a storage capacity of up to 5 days at the
design flow rate of 1,100 liters per minute (300 gallons
per minute). The treatment process includes iron
co-precipitation to remove heavy metals, ion exchange
to remove mercury, and ultraviolet light/hydrogen per-
oxide oxidation to destroy organics and cyanide. Sludge
from the iron co-precipitation process is dewatered and
used for backfill in the low-level waste burial grounds.
The treated liquid effluent is monitored and discharged
through an outfall to the Columbia River under a
National Pollutant Discharge Elimination System per-
mit No. WA 002591-7 (see Section 2.2.8). Capability
exists to divert the treated effluent to holding tanks
before discharge, if needed, until a determination can be
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made for final disposal based on sampling. In 2001,
~241 million liters (64 million gallons) of wastewater
were treated. On December 7, 2001, the facility also
processed its 2 billionth liter (529 millionth gallon) since
beginning operations.

2.3.34 Plutonium Finishing
Plant

W. J. McKenna

In 1949, the Plutonium Finishing Plant began to
process plutonium nitrate solutions into metallic form
for shipment to nuclear weapons production facilities.
Operation of this plant continued into the late 1980s. In
1996, DOE issued a shutdown order for the plant,
authorizing deactivation and transition of the plutonium
processing portions of the facility in preparation for
decommissioning.

The mission is to stabilize, immobilize, repackage
and/or properly dispose of plutonium-bearing materials
in the plant; to deactivate and dismantle the processing
facilities; and to provide for the safe and secure storage
of nuclear materials until final disposition. Several proc-
esses have been designed and brought on line to acceler-
ate this work.

Significant accomplishments achieved at the
Plutonium Finishing Plant during 2001 included the
following:

e In March 2001, seismically qualified storage racks
were installed at the 2736-Z vaults.

e Startup of the outer-can welder occurred in April
2001.

¢ InJune 2001, packaging of the plutonium/aluminum
Group 1 alloy residues was completed.

e InJuly 2001, the Plutonium Finishing Plant reached
2 million man-hours without a lost workday injury.

® In August 2001, the solutions stabilization oxalate
precipitation process began.

e Stabilization and repackaging of plutonium metals
and corrosion products from disintegrated metals
was completed in September 2001, attaining a key
goal set by the Defense Nuclear Facilities Safety
Board.

® A second stabilization and packaging system was
brought on line in December 2001, doubling plant
capacity.



¢ The plutonium stabilization rate was quadrupled in
fiscal year 2000 and again in fiscal year 2001.

® More than 30% of the total plutonium inventory
was stabilized in 2001, and the project is on track to

complete the stabilization and packaging phase by
May 2004.

2.3.35 Waste Encapsulation
and Storage Facility Project

F. M. Simmons

The mission of the Waste Encapsulation and Storage
Facility Project is to provide safe interim storage of encap-
sulated radioactive cesium and strontium. The facility
was initially constructed as a portion of the B Plant com-
plex and began service in 1974. There are currently
601 strontium fluoride capsules and 1,335 cesium chlo-
ride capsules stored at the facility. The capsules will be
stored at the Waste Encapsulation and Storage Facility
until 2018. The capsules then will be shipped to the
vitrification plant for high-level waste vitrification. The
final capsule shipment is scheduled for 2022.

2.3.3.6 Equipment Disposition
Project

D. L. Klages
When the Hanford Site was dedicated to the defense

production mission, rail and other heavy equipment was

used to handle and transport radioactive or hazardous
materials and/or enter facilities where radioactive and
hazardous materials were present. Through use, the
equipment became radiologically and/or chemically con-
taminated to the point where the equipment was either
removed from service and buried on site, or managed for
future use or disposition.

Infiscal year 1995, the need to manage radiologically
contaminated rail equipment became apparent and the
Equipment Disposition Project was established. The
technical objective of the project is the disposition of
37 contaminated railcars, 5 pieces of heavy equipment,
1 condenser, 1 skid-mounted concrete burial box filled
with K-Basin materials, and 2 skid-mounted concrete
burial boxes filled with ion exchange columns left over
from past Hanford programs. During 2001, four pieces
of the heavy equipment totaling 113 cubic meters
(3,054 cubic feet) were radiologically surveyed, deter-
mined to be uncontaminated, and released for unre-
stricted use offsite. In addition, 20,455 kilograms
(45,000 pounds) of steel and 38,636 kilograms
(85,000 pounds) of lead were obtained when one con-
taminated fuel cask car was recycled by GTS Duratek
in Tennessee.

2.34 FastFlux Test Facility
D. A. Gantt

The Fast Flux Test Facility is a 400-megawatt ther-
mal, liquid metal cooled reactor located in the 400 Area.
It was built in the late 1970s to test plant equipment
and fuel for the Liquid Metal Fast Breeder Reactor Pro-
gram. The Fast Flux Test Facility operated from April
1982 to April 1992, during which time it successfully
tested advanced nuclear fuels, materials, and safety
designs and also produced a variety of isotopes for medi-
cal research. The reactor has been in a standby mode
since December 1993. Fuel has been removed from the
reactor vessel and stored in two sodium-filled vessels and
in aboveground, dry-storage casks. Twenty-three of the
facility’s 100 plant systems were deactivated during the
previous deactivation period from 1993-1997.

On December 22, 1998, Secretary of Energy Bill
Richardson announced the decision to remove the Fast
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Flux Test Facility from consideration as a tritium
supply source. However, the Secretary asked that a
program plan be developed that clearly defined other
potential uses of the facility and the roles and responsi-
bilities of potential users. A program plan was prepared
and reviewed by the Nuclear Energy Research Advisory
Committee. The committee recommended that a com-
prehensive research and development plan be prepared
for DOE that would include the Fast Flux Test Facility.
See Section 2.2.15.2 for more information about the
plan (DOE/EIS-0310).

On April 25, 2001, Secretary of Energy, Spencer
Abraham, ordered a thorough and comprehensive
review of the Fast Flux Test Facility, which included an
initial review of all information that might be relevant
to a decision on the future of the Fast Flux Test Facility,
as well as a review of expressions of interest to commer-
cially operate the facility. After these extensive review
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efforts, DOE announced on December 19, 2001, that
the department would proceed with deactivation of the
facility.

While the decision process continued, the Fast Flux
Test Facility staff made progress on repairs to fuel han-
dling machines that will be needed for deactivation.
New control systems were installed on the closed loop
ex-vessel machine and on the interim examination and
maintenance cell sodium removal system, which is used

to wash sodium from the fuel assemblies before they are
placed in storage. The design was completed for the
necessary repairs to the solid waste cask and procurement
and fabrication of parts was initiated. Testing and repair
activities are scheduled to continue through the first
quarter of 2003.

A detailed summary of the status of the Fast Flux
Test Facility can be found on the Internet at http://
www.fftf.org/currstat/.

2.3.5 Advanced Reactors Transition Project

D. A. Gantt

The mission of this project is to transition or con-
vert the Plutonium Recycle Test Reactor facility and
the nuclear energy legacy facilities into structures that
are in a safe and stable condition suitable for reuse or
low cost surveillance and maintenance. Legacy facilities
are those used for nuclear research projects conducted in
the past at the Hanford Site. Although these legacy
facilities existed in many areas of the Hanford Site, the
only facilities remaining to be cleaned up are in the
southeastern part of the 300 Area, the 337 Building high
bay area and the adjacent storage tank building, 3718M.
Deactivation of legacy facilities includes the disposition
of non-radioactive sodium and sodium-potassium alloy
originally used in the development and testing of compo-
nents for use in liquid metal-cooled reactors.

In 2001, at the Plutonium Recycle Test Reactor/
309 Building, located in the 300 Area, the fuel transfer
pit was drained and residual contamination was stabi-
lized. The exhaust fans, which provided forced exhaust

flow through the stack, have been taken out of service.
Except for some pending repairs to the roof, this facility
is in a condition for low cost surveillance and mainte-
nance until deactivation, decontamination, and decom-
missioning are performed in accordance with the

300 Area Accelerated Closure Project Plan (HNF-6465).

In 2001, a small cold trap in the high-bay of the
337 Building, containing about 91 kilograms (200 pounds)
of sodium metal, was welded shut and shipped to an
offsite disposal facility. (A cold trap is a device used in
sodium systems to remove and trap chemical impurities.)
The asbestos abatement and insulation removal was
completed on the sodium test loop piping; this was the last
step in preparation to remove the sodium wetted piping
for disposal. The pipe loop has been severed from the
3718M storage tank (~189,000 liters [~50,000 gallons]
volume), the composite reactor component test activity
vessel, and the sodium cold trap (~2,650 liters [~ 700 gal-
lons] volume), which were prepared for future cleaning.
Removal of the sodium-wetted piping is in progress.

2.3.6 Office of River Protection

Congress established the Office of River Protec-
tion in 1998 as a DOE field office reporting directly to
the DOE Assistant Secretary for Environmental Man-
agement. The Office of River Protection is responsible
for managing DOE’s River Protection Project to store,
retrieve, treat, and dispose of high-level tank waste and
close the tank farm facilities at the Hanford Site.

2.3.6.1 Waste Tank Status
P. A. Powell

The status of the 177 waste tanks as of December
2001 was reported in HNF-EP-0182, Waste Tank Sum-
mary Report for Month Ending December 31, 2001. This
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report is published monthly; the December report pro-
vided the following information:

® number of high-level waste tanks
- 149 single-shell tanks
- 28 double-shell tanks

e number of high-level waste tanks assumed to have

leaked
- 67 single-shell tanks
- 0 double-shell tanks



e chronology of single-shell tank leaks

- 1956: first high-level waste tank reported as
suspected of leaking (tank 241-U-104)

- 1973: largest estimated leak reported (tank
241-T-106; 435,000 liters [115,000 gallons])

- 1988: tanks 241-AX-102, 241-C-201,
241-C-202, 241-C-204, and 241-SX-104 con-

firmed as having leaked

- 1992: latest tank (241-T-101) added to list of
tanks assumed to have leaked, bringing total to
67 single-shell tanks

- 1994: tank 241-T-111 was declared to have

leaked again.

The total estimated volume to date of radioactive
waste leakage from single-shell tanks is <2.84 to
3.97 million liters (<750,000 to 1 million gallons).

To date, 129 of the 149 (87%) single-shell tanks
have been stabilized and the program is ahead of sched-
ule. At the end of 2001, intrusion prevention work was
completed on 108 single-shell tanks. This involved cap-
ping off connecting pipes, risers, and pit covers to pre-
vent any liquids from entering the tanks. Partial interim
isolation was completed on 40 single-shell tanks. This
involved capping off in the same manner as intrusion
prevention except risers and piping were required to
stabilize the tanks.

During 2001, four tanks (241-S-106, 241-S-109,
241-U-105, and 241-U-106) were declared stabilized.
Waste was pumped from 13 single-shell tanks into the
double-shell tank system. Portions of the waste in tanks
241-S-109, 241-S-111, 241-SX-101, 241-SX-102,
241-SX-103, 241-SX-105, 241-U-102, 241-U-107,
241-U-108, 241-U-109, 241-BY-105, 241-BY-106, and
241-AX-101 were removed. This pumping removed
1.9 million liters (500,000 gallons) of waste from the
single-shell tanks. The addition of this waste and dilu-
tion water to the double-shell tank system required the
transfer of 1.4 million liters (400,000 gallons) of waste
from the double-shell tank system in the 200-West Area
to the double-shell tank system in the 200-East Area,
through the new 10.5-kilometer (6.5-mile) long cross-
site transfer pipeline. The ability to transfer waste safely
from the 200-West Area to the 200-East Area has
allowed a significant amount of single-shell tank waste
to be transferred to the safer and environmentally com-
pliant double-shell tank system. For the safe and timely
removal of waste from the single-shell tank system, tem-
porary transfer piping (above ground and shielded) has
been installed.

2.35

To assure safe storage and retrieval, 136 of 177
(76%) tanks have been characterized. Characterization
data and resulting safety controls have allowed the safe
storage of tank waste and the removal of all tanks from
the Watch List. Currently, the first 14 tanks that will
deliver waste to the Waste Treatment Facility (i.e.,
vitrification plant) have been selected. Sampling has
been performed in 12 of these tanks, with characteriza-
tion analysis performed on 11 of them. This character-
ization information is being used to improve the design
and operation of the Waste Treatment Facility.

2.3.6.2 Waste Tank Safety
Issues

P. A. Powell

The Waste Tank Safety Program was established
in accordance with the Public Law 101-510, Defense
Authorization Act, Section 3137, “Safety Measures for
Waste Tanks at Hanford Nuclear Reservation” (1990).
The focal point of the program is the identification and
resolution of safety issues involving high-priority waste
tanks. The tasks to resolve safety issues are planned and
implemented in the following order: (1) evaluate and
define the associated safety issue, (2) identify and close
any associated unreviewed safety questions, (3) mitigate
any hazardous conditions to assure safe storage of the
waste, (4) monitor waste storage conditions, and
(5) resolve the respective safety issues. Each of these
steps has supporting tasks of some combination of moni-
toring, mathematical analyses, laboratory studies, and
in-tank sampling or testing. The path followed depends
on whether the waste requires treatment or can be stored
safely by implementing strict controls.

Within the Waste Tank Safety Program, the Safety
Issue Resolution Project focused on resolving safety
issues involving flammable gas, organic complexants,
organic solvents, high-heat, and criticality. The tanks of
concern were placed on a Watch List and categorized by
safety issue. By 1996, all 24 ferrocyanide tanks had been
removed from the Watch List, and the issue was deemed
resolved by DOE and the Defense Nuclear Facilities
Safety Board. In 1998, 18 tanks containing organic
complexants were removed from the Watch List, and in
August 2000, the 2 remaining tanks containing organic
solvents were taken off the Watch List. The high-heat
tank (241-C-106) was removed from the Watch List in
1999. At the end of 2000, 25 flammable gas tanks
remained on the Watch List, but in January 2001 tank
241-SY-101 was removed after DOE, the Defense
Nuclear Facilities Safety Board, and other stakeholders
agreed the safety issue for that tank had been resolved.
In August 2001, the 24 remaining flammable gas tanks
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were removed from the Watch List. The tank safety
issues have been declared closed and there is no longer
an active Watch List.

2.3.6.3 Radionuclide
Assessment System

R. G. McCain and P. D. Henwood

In the past, MACTEC-ERS, under the direction
of the DOE Grand Junction Office, completed baseline
vadose zone characterization in the vicinity of the
single-shell tank farms. Their baseline data were reported
in GJ-HAN-120; DOE/ID/12584-268, GJPO-HAN-4;
and GJO-99-113-TAR, GJO-HAN-28. The baseline
characterization effort identified subsurface contam-
inant plumes in the vicinity of the single-shell tank
farms, with cobalt-60, cesium-137, europium-154/152,and
uranium-235/238 as the predominant contaminants.
Minor amounts of antimony-125 and tin-126 also were
detected.

In fiscal year 2001, a program was established to
monitor changes in contaminant levels in existing wells
in the vicinity of the single-shell tanks. The Radionu-
clide Assessment System was developed and deployed to
support vadose zone monitoring in the tank farms. The
system uses a simpler spectral gamma logging system
that is mounted in a much smaller and lighter vehicle.
Since specific contaminants have been identified and
quantified by the baseline characterization, the primary
focus of the monitoring program is to identify changes in
contaminant levels. Therefore, the Radionuclide Assess-
ment System records counts in eight contiguous energy
“windows.” Energy ranges have been chosen for opti-
mum sensitivity to natural and commonly encountered
manmade radionuclides. Detection of changes in con-
taminant profiles that may be indicative of continuing
migration are based on comparison of successive log runs.

Radionuclide Assessment System monitoring activ-
ities began in June 2001. By September 30, 2001, a total

of 1,950 meters (6,400 feet) of logging had been per-
formed in 113 boreholes in single-shell tank farms A, U,
T, BX, and SX. Specific borehole monitoring intervals
are selected on the basis of intersection with known
contaminant plumes, proximity to tanks known to have
leaked or to subsurface contaminant plumes, or proximity
to tanks containing relatively large volumes of drainable
liquid. Borehole intervals also may be logged in support of
tank farms operations. The logging frequency is deter-
mined by the overall priority. Most boreholes of interest
will be logged on a yearly basis. A few boreholes will be
logged on a quarterly basis. The goal of the monitoring
program is to collect data from all boreholes at least
once in a five-year period.

2.3.6.4 Waste Immobilization
P. A. Powell

Approximately 204 million liters (54 million gal-
lons) of radioactive and hazardous waste, accumulated
from more than 40 years of plutonium production opera-
tions, are stored in 149 underground single-shell tanks
and 28 underground double-shell tanks. The Waste
Treatment Plant will be built on 26 hectares (65 acres)
located on the Central Plateau outside of the Hanford
200-East Area. Currently, three major facilities will be
constructed: a pretreatment facility, a high-level waste
vitrification facility, and a low-activity waste vitrifi-
cation facility. Supporting facilities will be constructed
also. The River Protection Project is currently upgrad-
ing tank farm facilities to deliver waste to the planned
Waste Treatment Plant.

During 2001, infrastructure construction for the
Waste Treatment Plant was completed. This included
the installation of an electrical substation, potable water
services, effluent piping systems, and roads. Additionally,
excavation for the Waste Treatment Plant footprint was
begun. Construction as defined by the Tri-Party Agree-
ment is scheduled to begin in 2002.

2.3.7 Solid Waste Management

Solid waste management includes the treatment,
storage, and/or disposal of solid waste produced as a
result of Hanford Site operations or from offsite sources
that are authorized by DOE to ship waste to the site.
The following sections contain information regarding
specific site locations.
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2.371 Central Waste Complex

D. G. Saueressig

Waste is received at the Central Waste Complex
in the 200-West Area from sources at the Hanford Site
and any offsite sources that are authorized by DOE to



ship waste to the Hanford Site for treatment, storage,
and disposal. Ongoing cleanup, research, and develop-
ment activities on the Hanford Site, as well as remedi-
ation activities, generate most of the waste received at
the Central Waste Complex. Offsite waste has been
primarily from other DOE sites and U.S. Department of
Defense facilities. The characteristics of the waste
received vary greatly, including low-level, transuranic,
or mixed waste, and radioactively contaminated poly-
chlorinated biphenyls.

The Central Waste Complex can store as much as
22,710 cubic meters (801,996 cubic feet) of low-level
mixed waste and transuranic waste. This capacity is
adequate to store the projected volumes of low-level,
transuranic, mixed waste, and radioactively contami-
nated polychlorinated biphenyls to be generated from
the sites identified above, assuming on-schedule treat-
ment of the stored waste. Treatment will reduce the
amount of waste in storage and make room for newly
generated mixed waste. The dangerous waste desig-
nation of each container of waste is established at the
point of origin based on process knowledge or sample
analysis.

2.372 Waste Receiving and
Processing Facility

H. C. Boynton

The Waste Receiving and Processing Facility began
operations in 1997 and analyzes, characterizes, and pre-
pares drums and boxes of waste for disposal. The facility
can process 4,300 square meters (52,000 square feet) of
waste and is located near the Central Waste Complex

in the 200-West Area.

Waste destined for the Waste Receiving and Proc-
essing Facility includes legacy waste as well as newly
generated waste from current site cleanup activities. The
waste consists primarily of contaminated cloth, paper,
rubber, metal, and plastic. Processed waste that qualifies
as low-level waste and meets disposal requirements is
buried directly onsite. Low-level waste not meeting
direct burial requirements is processed in the facility for
onsite burial or prepared for future treatment at other
onsite or offsite treatment, storage, and disposal facilities.
Waste designated at the facility to be transuranic is certi-
fied and packaged for shipment to the Waste Isolation
Pilot Plant in Carlsbad, New Mexico, for permanent
disposal. Other materials requiring further processing to
meet disposal criteria are retained, pending treatment.

2.37

2.3.7.3 Radioactive Mixed
Waste Disposal Facility

D. E. Nester

The Radioactive Mixed Waste Disposal Facility is
located in the 218-W-5 low-level waste burial ground
in the 200-West Area and is designated as trenches 31
and 34. Trench 34 began to be used for disposal during
September 1999. Currently, there are ~1,075 cubic
meters (37,963 cubic feet) of waste contained in about
715 waste packages in trench 34. No waste is currently
stored in trench 31. However, trench 31 will be used
for storage, when needed, to accommodate large items
awaiting disposal into trench 34. The trenches are
rectangular landfills, with approximate base dimensions
of 76 by 30 meters (250 by 100 feet). The bottoms of the
excavations slope slightly, giving a variable depth of 9
to 12 meters (30 to 40 feet). These trenches comply
with RCRA requirements because they have double
liners and systems to collect and remove leachate. The
bottom and sides of the facilities are covered with a layer
of soil 1 meter (3.28 feet) deep to protect the liner
system during fill operations. There is a recessed sec-
tion at the end of each excavation that houses a sump
for leachate collection. Access to the bottom of each
trench is provided by ramps along the perimeter walls.

2.374 T Plant Complex
B. M. Barnes

The T Plant complex in the 200-West Area pro-
vides waste treatment and storage and decontamination
services for the Hanford Site. The T Plant complex
currently operates under RCRA interim status. In 2001,
the following activities occurred at the T Plant complex:

e performed content verification of waste being
shipped to solid waste facilities for storage or
disposal

® re-packaged and/or sampled waste to meet solid
waste acceptance criteria or to determine accept-
ability of waste for treatment

e treated dangerous and mixed waste to meet RCRA
requirements for land disposal

¢ decontaminated equipment to allow for reuse or
disposal as waste

e stored 72 elements of spent reactor fuel (from
Shippingport, Pennsylvania) in a water basin.
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2.375 Radioactive Mixed
Waste Treatment and
Disposal

D. E. Nester

During 2001, 460 cubic meters (16,245 cubic feet)
of DOE mixed low-level waste were treated and/or
direct disposed. The waste materials were obtained
from a number of projects including the following:

® 445 cubic meters (15,715 cubic feet), or about
1,125 packages of various sizes, of mixed low-level
waste debris previously stored at the Central Waste
Complex were shipped to the Allied Technology
Group Mixed Waste Treatment Facility located in
Richland, Washington. Allied Technology Group
used their RCRA-permitted treatment process of
macroencapsulation to make the debris com-
pliant with the requirements of EPA and the state
of Washington land disposal restrictions. The treated
waste was then returned to Hanford for final dis-
posal at the Radioactive Mixed Waste Disposal
Facility.

e ~11.4 cubic meters (~14.9 cubic yards), or about
55 drums of mixed low-level waste solids (e.g., soil
and granulated activated charcoal) that were con-
taminated with organic waste constituents and
were previously stored at the Central Waste Com-
plex were shipped to the Allied Technology Group
Mixed Waste Treatment Facility located in Rich-
land, Washington. Allied Technology Group used
their RCRA-permitted thermal treatment unit
(GASVIT®) to treat the waste according to EPA and
Washington State Department of Ecology land dis-
posal treatment standards. The treated waste resi-
dues were then returned to Hanford for final disposal
at the Radioactive Mixed Waste Disposal Facility.

e 3.7 cubic meters (130.7 cubic feet), or ~10 packages
of mixed low-level waste were disposed directly into
the Radioactive Mixed Waste Disposal Facility dur-
ing the reporting period. This waste came from
various Hanford Site operations and either met
RCRA land disposal restrictions in the as-generated
state, or was treated according to Treatment-by-
Generator provisions in WAC 173-303-170(3)(b)
to treat the waste to meet the RCRA and state land
disposal restrictions.

2.376 Radioactive Mixed
Waste Treatment Contracts

D. E. Nester

In November 1995, Westinghouse Hanford awarded
a contract to Allied Technology Group, Richland,
Washington, for thermal treatment of Hanford’s mixed
waste in accordance with RCRA and the Toxic Sub-
stances Control Act. Transfer of the thermal treat-
ment contract occurred in 1996 when Fluor Hanford,
Inc. became the Hanford Site prime contractor. On
November 19, 2001, Allied Technology Group
announced a shutdown of all their facilities due to
financial issues; on December 4, 2001, they filed for
Chapter 11 bankruptcy. At the time of shutdown, Han-
ford had ~310 cubic meters (~10,948 cubic feet) of mixed
low-level waste still residing at Allied Technology
Groups’ Richland facility. DOE Richland Operations
Office and site contractors worked with Allied Tech-
nology Group during December, and will continue to
work with them in calendar year 2002 to resolve the
situation.

During 1997, a competitive procurement was con-
ducted to process mixed waste requiring non-thermal
treatment in accordance with RCRA. The contract was
also awarded to Allied Technology Group. During 2001,
Allied Technology Group processed 445 cubic meters
(15,715 cubic feet) of Hanford’s mixed low-level waste
debris and process solids via this contract. The treated
waste was returned to Hanford for disposal at the Radio-
active Mixed Waste Disposal Facility.

2.3.77 Navy Reactor
Compartments

S. G. Amold

Eight disposal packages containing defueled United
States Navy reactor compartments were received and
placed in trench 94 in the 200-East Area during 2001.
Four were submarine reactor compartments, and four
were cruiser reactor compartments. This brings the total
number of reactor compartments received to 102. All
Navy reactor compartments shipped to the Hanford Site
for disposal have originated from decommissioned
nuclear-powered submarines or cruisers.

2.3.8 Liquid Effluent Treatment

Liquid effluents are managed in treatment, storage,
and disposal facilities to comply with RCRA and state
regulations.
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2.3.8.1 242-A Evaporator
S. S. Lowe

The 242-A evaporator in the 200-East Area concen-
trates dilute liquid tank waste by evaporation. This
reduces the volume of tank waste and eliminates the
need to construct additional double-shell tanks. The
concentrated tank waste is returned to the double-shell
tanks for storage. One operational run was conducted at
the evaporator in 2001. The process treated 3.2 million
liters (840,000 gallons) of tank waste and produced
3.1 million liters (820,000 gallons) of process conden-
sate. One operational run is planned at the 242-A evapo-
rator for 2002.

Effluent treatment and disposal capabilities are
available to support the continued operation of the
242-A evaporator. The Effluent Treatment Facility in
the 200-East Area (see Section 2.3.8.3) was constructed
to treat the process condensate from the evaporator and
other radioactive liquid waste. The process condensate
is sent to the Liquid Effluent Retention Facility for
interim storage while awaiting treatment in the Effluent
Treatment Facility. Cooling water and non-radioactive
steam condensate from the evaporator are discharged to

the 200 Area Treated Effluent Disposal Facility.

2.3.8.2 Liquid Effluent
Retention Facility

S. S. Lowe

The Liquid Effluent Retention Facility in the
200-East Area consists of three RCRA-compliant sur-
face basins to temporarily store process condensate from
the 242-A evaporator and other aqueous waste. The
Liquid Effluent Retention Facility provides equalization
of the flow and pH of the feed to the Effluent Treatment
Facility. Each basin has a maximum capacity of 29.5 mil-
lion liters (7.8 million gallons). Generally, spare capac-
ity is maintained in the event a leak should develop in
an operational basin. Each basin is constructed of two,
flexible, high-density polyethylene membrane liners. A
system is provided to detect, collect, and remove leach-
ate from between the primary and secondary liners.
Beneath the secondary liner is a soil/bentonite clay
barrier should the primary and secondary liners fail. Each
basin has a floating membrane cover constructed of
very low-density polyethylene to keep out unwanted
material and to minimize evaporation of the basin con-
tents. The facility began operating in April 1994 and
receives liquid waste from both RCRA- and CERCLA-

regulated cleanup activities. Approximately 32.7 million

liters (8.6 million gallons) of aqueous waste were stored
in the basins at the end of 2001. Groundwater is reced-
ing from beneath the facility, which is affecting facility-
related groundwater monitoring activities. Alternative
monitoring methods are being investigated.

2.3.8.3 Effluent Treatment
Facility

S. S. Lowe

Liquid effluents are treated in the Effluent Treat-
ment Facility (200-East Area) to remove toxic metals,
radionuclides, and ammonia and destroy organic com-
pounds. The treated effluent is stored in verification
tanks, sampled and analyzed, and discharged to the
State-Approved Land Disposal Site (also known as the
616-A crib). The treatment process constitutes best
available technology and includes pH adjustment,
filtration, ultraviolet light/peroxide destruction of
organic compounds, reverse osmosis to remove dis-
solved solids, and ion exchange to remove the last traces
of contaminants. The facility began operating in
December 1995. Treatment capacity of the facility is a
maximum of 570 liters per minute (150 gallons per
minute). Approximately 95.0 million liters (25.1 mil-
lion gallons) of aqueous waste were treated in 2001.

The treated effluent is sampled to verify that the
radioactive and hazardous waste constituents have been
reduced to regulatory levels, then discharged via a
dedicated pipeline to the State-Approved Land Dis-
posal Site. The disposal site is located north of the
200-West Area and consists of an underground drain
field. Tritium in the liquid effluent cannot be removed
practically, and the location of the disposal site maxi-
mizes the time for migration of contaminated ground-
water to the Columbia River, and allows time for
radioactive decay of the tritium (12-year half-life). The
disposal site is permitted under the WAC 173-216 State
Waste Discharge Permit Program. The discharge permit
requires monitoring of the groundwater and the treated
effluent to assure that levels for certain constituents are
not exceeded. Permit limits were not exceeded in 2001.
The discharge permit for the Effluent Treatment Facility
is due to be renewed in 2005.

Secondary waste from treating aqueous waste is con-
centrated, dried, and packaged in 208-liter (55-gallon)
drums. The solid secondary waste from treating RCRA-
regulated aqueous waste (e.g., 242-A evaporator process
condensate) is transferred to the Central Waste Com-
plex for subsequent treatment, if needed, to meet land
disposal restriction treatment standards and disposed in
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the Mixed Waste Disposal Unit in the 200-West Area.
The solid secondary waste from treating CERCLA-
regulated aqueous waste (e.g., 200-UP-1 groundwater) is

disposed of in the Environmental Restoration Disposal
Facility near the 200-West Area.

2.3.84 200 Area Treated
Effluent Disposal Facility

S. S. Lowe

The 200 Area Treated Effluent Disposal Facility is a
collection and disposal system for non-RCRA per-
mitted waste streams. The individual waste streams
must be treated or otherwise comply with best available
technology/all known available and reasonable treat-
ment in accordance with WAC 173-240, which is the
responsibility of the generating facilities. The 200 Area
Treated Effluent Disposal Facility consists of ~18 kilo-
meters (~11 miles) of buried pipeline connecting three
pumping stations, one disposal sample station
(6653 Building) and two 2-hectare (5-acre) disposal
ponds located east of the 200-East Area. The facility
began operating in April 1995 and has a capacity of
12,900 liters per minute (3,400 gallons per minute).
There are currently 13 waste streams being sent to the
200 Area Treated Effluent Disposal Facility. Approxi-
mately 484 million liters (~128 million gallons) of efflu-
ent were discharged in 2001.

The discharge from the 200 Area Treated Effluent
Disposal Facility must comply with limits in the
WAC 173-216 State Waste Discharge Permit. The dis-
charge permit requires monitoring of the effluent and
the groundwater to assure that concentrations for cer-
tain constituents are not exceeded. End-of-pipe sam-
pling and continuous online monitoring (for flow, pH,
and conductivity) of the combined waste stream are
performed at the 6653 Building. The individual gener-
ating facilities also are required to perform online moni-
toring and sampling; the requirements depend on the
individual waste streams. There were no violations of
permit limits or conditions in 2001. The discharge per-
mit for the 200 Area Treated Effluent Disposal Facility

is due to be renewed in 2005.

2.3.85 Miscellaneous Streams
J. C. Sonnichsen

In February 1995, the Washington State Depart-
ment of Ecology approved a Plan and Schedule for Dispo-
sition and Regulatory Compliance for Miscellaneous Streams
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(DOE/RL-93-94). This plan and schedule required that
all miscellaneous streams be permitted under WAC
173-216. Categorical permits were used to permit
miscellaneous streams with similar characteristics.
Categorical permits have been issued for the following:

¢ hydrotesting, maintenance, and construction dis-

charges (Permit ST 4508, May 1997)

® cooling water discharges and uncontaminated

streams condensate (Permit ST 4509, May 1998)

e industrial stormwater discharge (Permit ST 4510,
April 1999).

The permitting process was completed in 1999 with
the issuance of the last Categorical Permit ST 4510. All
milestones identified in the plan and schedule (DOE/
RL-93-94) have been fulfilled, and the annual submittal
of the Hanford Site Miscellaneous Streams Inventory
report is no longer required.

In January 2000, DOE issued the Pollution Preven-
tion and Best Management Practices Plan for State Waste
Discharge Permits ST 4508, ST 4509, and ST 4510
(DOE/RL-97-67). This plan summarized the compliance
requirements stated in all the categorical permits and set
conditions for the individual streams. The pollution
prevention and best management practices plan details
implementation of remediation activities to prevent fur-
ther contamination of groundwater.

Permit ST 4508 is scheduled to expire on May 30,
2002. Its renewal application is required to be submitted
180 days prior to permit expiration. Recognizing that
Permits ST 4509 and ST 4510 are scheduled to expire
over the next two calendar years, it was decided that it
was cost-effective to submit a permit application for all
three categorical permits. The single permit application
for all three permits, Documentation for Renewal of State
Waste Discharge Permits ST 4508, ST4509, and ST 4510
(DOE/RL-2001-60), was completed and submitted to
the Washington State Department of Ecology during
November 2001.

In compliance with WAC 173-218, which requires
registration of Class V underground injection control
wells, a significant and ongoing effort to verify the loca-
tion and status of all Class V underground injection
control wells on the Hanford Site began in February
2000. On the Hanford Site, Class V injection wells
include the injection of stormwater and other small
quantities of uncontaminated wastewater (i.e., con-
denser condensate). A large number of underground
injection control wells were determined to be inactive
and were removed from the list of active wells. In most



cases, these injection wells amount to locations where
small quantities of non-contaminated wastewater perco-
late into the soil (i.e., small percolation drains).

Registration of Hanford Site Class V Underground
Injection Wells (DOE/RL-88-11) was submitted to the
Washington State Department of Ecology in March
2001.

2.39 Revegetation and Mitigation Planning

A. R. Johnson and M. R. Sackschewsky

Bechtel Hanford, Inc. completed revegetation on
50 hectares (124 acres) of remediated lands in the
100 Areas. Planting occurred in November and Decem-
ber 2001 and included 22 hectares (55 acres) in the 100-H
Area and 28 hectares (69 acres) in the 100-D/DR Area.
Both areas were seeded with Hanford-derived native
grass and forb seed. Following the seeding, the area was
mulched, and 21,700 sagebrush (Artemisia tridentata)
seedlings were planted. Representative plots within
each of the areas will be monitored to document plant
survival and community establishment.

The wetland habitat by the 100-B/C Area created in
early 2000 near the Columbia River was enhanced with
the planting of an additional 1.6 hectares (4 acres) along
the slopes of the pit. The area included 0.8 hectares
(2 acres) that were seeded with grass and forbs and 2
separate acres that were planted with sagebrush tubelings.
This planting effort will provide the borrow area with a
much needed seed source to promote continual restora-
tion of the pit.

Twossites in the 600 Area, the J.A. Jones and 600-23
sites were revegetated following remediation. The J.A.
Jones site, north of the 300 Area, and the 600-23 site
(which lies within the boundary of gravel pit 11 just off
of Route 2 South ~1.6 kilometers [~1 mile] north of the
Wye Barricade) were seeded with native grasses and
forbs, and then planted with sagebrush and bitterbrush
(Purshia tridentata) seedlings. These sites will be incorpo-
rated into the monitoring program to document plant
survival and succession.

The 600-104 bioremediated site on the Wahluke
North Slope was originally broadcast seeded with native
species in the fall of 1997. To further promote the

establishment of shrubs in this community, 900 sage-
brush seedlings were planted across the 0.8-hectare
(2-acre) site in the spring of 2001.

In January 2001, 50 bitterbrush seedlings were
planted as additional mitigation for shrubs lost during
the initial stages of the 618-4 Burial Ground remedi-
ation. The plants were protected with biodegradable
plastic mesh tubes and staked to prevent browsing by
deer. In June and August, each bitterbrush plant was
irrigated with 19 liters (5 gallons) of water. A 19-liter
(5-gallon) bucket with a 0.04-centimeter (1/64-inch)
hole drilled in the bottom to slowly release the water
was placed at the base of each plant. These shrubs will
be monitored for survival in future years.

A new electrical transmission line with tower pads
was installed to provide electrical power to the planned
vitrification plant near the 200-East Area. The areas
surrounding the tower pads that were disturbed during
pad installations were revegetated during February
2001. This revegetation was considered a rectification
planting and was part of the overall vitrification plant
mitigation effort. The effort included broadcast seeding
of Sandberg’s bluegrass and sagebrush at each tower pad.
Total area was ~8 hectares (~20 acres).

Monitoring of survival and growth continued for
~90,000 sagebrush seedlings that were planted on about
90 hectares (222 acres) at 9 locations on the Fitzner/
Eberhardt Arid Lands Ecology Reserve Unit during
December 2000. This effort was the last phase of sage-
brush transplanting as compensatory mitigation for the
disturbance of sagebrush habitat resulting from the
development of the site and infrastructure for the
planned waste vitrification facility. Monitoring of these
plants will continue through fiscal year 2004.

2.310 Environmental Restoration Project

DOE selected an environmental restoration con-
tractor in 1994 to perform environmental restoration
projects at the Hanford Site. The Environmental Resto-
ration Project includes characterization and remediation
of contaminated soil and groundwater, sitewide vadose

zone/groundwater project integration, decontamination
and decommissioning of facilities, surveillance and
maintenance of inactive waste sites, and the transition
of facilities into the surveillance and maintenance
program.
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2.3.10.1 Environmental
Restoration Disposal Facility

M. A. Casbon

The Environmental Restoration Disposal Facility is
located near the 200-West Area. The facility began
operations in July 1996 and serves as the central dis-
posal site for contaminated waste removed during
cleanup operations conducted under CERCLA on the
Hanford Site. To provide a barrier to contaminant
migration from the facility, the Environmental Restora-
tion Disposal Facility was constructed to RCRA Sub-
title C Minimum Technology Requirements including a
double liner and leachate collection system. Remedi-
ation waste disposed in the facility include soil, rubble, or
other solid waste materials contaminated with hazardous,
low-level radioactive or mixed (combined hazardous,
chemical, and radioactive) waste.

In 2000, waste was first placed into the first of two
new cells (cells 3 and 4) that were constructed in 1999.
Later in 2000, an interim cover was placed over portions
of cells 1 and 2 that had been filled to their final con-
figuration. Waste continued to be placed in cells 3 and 4
during 2001; as of early 2002, the facility had received
over 3.1 million metric tons (3.43 million tons) of con-
taminated soil and other waste.

2.3.10.2 Waste Site
Remediation

J. G. April, F. V. Roeck, G. R. Frank, R. D. Belden,
J. A. Lerch, and D. F. Obenauer

Full-scale remediation of waste sites began in the
100 Areas in 1996. Remediation and backfill activities
continued through 2001 at several liquid waste disposal
sites in the 100-B/C, 100-H, and 100-F Areas. Remedi-
ation of the treatment, storage, and disposal units at
100-N Area continued through 2001. Figure 1.0.1 shows

the former reactor areas along the Columbia River.

In 2001, 110,000 metric tons (121,000 tons) of con-
taminated soil in the 100-B/C Area were removed and
shipped to the Environmental Restoration Disposal
Facility. The cumulative amount of contaminated soil

removed and shipped to the facility through December
2001 were 732,000 metric tons (806,000 tons).

In the 100-H Area, 136 metric tons (150 tons) of
soil were removed from the waste sites during 2001.
Since the beginning of remediation, 413,000 metric tons
(455,000 tons) of contaminated soil were removed and
shipped to the Environmental Restoration Disposal
Facility.

2001 Annual Environmental Report

Remediation in the 100-F Area continued with the
removal of 321,000 metric tons (353,000 tons) of con-
taminated soil in 2001. A total of 470,000 metric tons
(517,000 tons) of contaminated soil has been removed
from the 100-F Area and disposed of at the Environ-
mental Restoration Disposal Facility.

Remediation continued at the 116-N-3 Treatment,
Storage, and Disposal Facility and began at the 116-N-1
Treatment, Storage, and Disposal Facility, which are
both located within the 100-NR-1 Operable Unit.
Remediation of these treatment, storage, and disposal
facilities is being completed as required by the Hanford
Sitewide RCRA Permit. In 2001, 109,000 metric tons
(120,000 tons) of contaminated soil were removed from
116-N-3 and 3,200 metric tons (3,500 tons) of contam-
inated soil were removed from 116-N-1. The total
contaminated soil removed through 2001 from the
100-NR-1 Operable Unit is 137,520 metric tons
(151,121 tons), all of which was disposed of at the Envi-

ronmental Restoration Disposal Facility.

The interim record of decision for the 100 Areas
Burial Grounds, issued September 16, 2000, specified a
cleanup remedy to remove/treat/dispose contaminated
soil, structures, and debris from the 100 Areas burial
ground sites. Remedial design for 9 burial ground sites
in the 100-B/C Area began in 2001.

Remediation work at the 300-FF-1 Operable Unit
began in the 300 Area in 1997 (see Figure 1.0.1). Histori-
cally, both chemical and radiological materials were dis-
posed of at the 300-FF-1 waste sites. With the exception
of the 618-4 burial ground, excavation of all 300-FF-1
Operable Unit waste sites has been completed and more
than 482,000 metric tons (531,000 tons) of contaminated
material and debris have been transported to Environ-
mental Restoration Disposal Facility through 2001.
Excavation of the 618-4 burial ground is scheduled to be
complete in 2002.

An interim action record of decision for the
300-FF-2 Operable Unit (EPA 2001) was issued in 2001.
The record of decision includes 56 waste sites that
require remedial action based on an anticipated indus-
trial land use scenario. The selected remedy prescribed
by the record of decision consists of removal of contami-
nated soil and debris, treatment (as necessary) and dis-
posal at the Environmental Restoration Disposal Facility
or other approved facility, site re-contouring/backfill and
infiltration control measures, and institutional controls.
Cleanup of the 300-FF-2 Operable Unit waste sites is
scheduled to begin in 2002.

A record of decision (EPA 1999) was issued for
the 100 Areas remaining sites in 1999. The record of



decision includes 207 waste sites that were not previ-
ously addressed in the 1995 100 Areas record of decision,
or the 1997 amendment to the 100 Areas record of
decision (100 Areas solid waste burial sites and waste
sites at 100-N Area were not included). It specified a
remove/treat/dispose remedy for contaminated soil,
structures, and debris at 46 of the remaining sites. The
cleanup remedy is the same method applied to 100 Areas
record of decision sites and is consistent with other
cleanup actions that are currently being conducted
within the 100 Areas. The remaining 161 sites are classi-
fied as candidate sites for confirmatory sampling to
determine if there is residual contamination above
cleanup levels. Based on the confirmatory sampling
efforts, sites shown to be contaminated will move
directly into remove/treat/dispose while uncontami-
nated sites will be closed out. In 2001, DOE completed
design of remedial actions for the remaining sites.

2.310.3 Facility
Decommissioning Project

R. R. Nielson

Decontamination and decommissioning activities
continued in 2001 in the 100-D/DR, 100-H, and 100-F
Areas. These activities are conducted to support the
interim safe storage of the four reactor buildings
(D, DR, F, and H) for up to 75 years. Interim safe stor-
age minimizes potential risks to the environment,
employees, and the public and reduces surveillance and
maintenance costs. These activities are conducted as
non-time-critical removal actions under CERCLA.
During the year, all planned pourback work at DR and
F Reactors was completed. (Pourbacks are the process of
enclosing openings in the safe storage enclosure wall
with structural concrete to prevent inadvertent pest or
weather intrusion.) The subcontract for the safe storage
enclosure roofs for DR and F Reactors was awarded. The
roof design for the DR Reactor was completed by the
subcontractor and approved by the environmental resto-
ration contractor; the subcontractor began work onsite
at the end of 2001. The roof design for F Reactor was
completed by the subcontractor as well. Biological
cleanup, legacy waste removal, asbestos abatement,
liquid pipe checks, and other pre-demolition activities
were ongoing in 2001 in various demolition areas of the
D and H Reactors. Demolition of D Reactor also was
initiated in 2001 and progressed through three areas (the
lunchroom, the valve pit and shops, and the fan room
and ventilation system tunnels).

Demolition work at F Reactor Fuel Storage Basin
continues. A de-watering system was installed to
remove remaining water from the basin. Wastewater was
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shipped to the Effluent Treatment Facility for treatment
and disposal. EPA approval was obtained to reuse the
upper 5.2 meters (17 feet) of fill as backfill. A remote-
controlled excavator was deployed in the fuel storage
basin to assist in sample collection and removal of high
contamination areas within the remaining 1 meter
(3.28 feet) of fill. A small number of spent nuclear fuel
elements were removed and shipped to the K Area fuel
storage basins.

A de-watering system also was installed at the
100-H Area fuel storage basin. Wastewater is being
removed and shipped to the Effluent Treatment Facility
for treatment and disposal.

2.3.104 233-S Plutonium
Concentration Facility
Decommissioning Project

R. R. Nielson

Decontamination and decommissioning activities
continued in 2001 at the 233-S Plutonium Concen-
tration Facility located in the 200-West Area adjacent
to the Reduction-Oxidation Plant. This work is being
performed as a non-time-critical removal action under
CERCLA. The 233-S facility and associated process
equipment were used to concentrate plutonium pro-
duced at the Reduction-Oxidation Plant from 1955 to
1967. Dismantling of the process hood area continued,
including the removal of 11 process vessels and over
500 meters (1,600 feet) of process hood piping. The
ventilation system was modified to increase flow in the
process hood area to better protect workers. The non-
destructive assay of several hundred waste packages
was completed. The facility poses special challenges to
workers, engineering methods, safety documentation,
and work methods because of the estimated large
quantities of fissile material in the facility and high
levels of contamination.

2.3.10.5 Surveillance/
Maintenance and Transition
Project

J. W. Golden

This project performs surveillance and mainte-
nance of inactive facilities and waste sites until final
disposition can begin. The project also provides for
the transfer, or transition, of facilities and waste sites
into the Environmental Restoration Program after
deactivation has been completed. Facilities transferred

in 1998 and 1999 included the Plutonium-Uranium
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Extraction Plant, B Plant, and 224-B Building. Also, the
project performs surveillance and maintenance of the
Reduction-Oxidation Plant, U Plant, the 224-U Build-
ing, N Reactor, B Reactor, C Reactor, and the KE and
KW Reactors (excluding the fuel storage basins). The
project maintains 14 interim status RCRA treatment,
storage, and disposal units awaiting closure. Also, the
project maintains three major air emission stacks and
three minor emission stacks as defined by 40 CFR 61.

Outdoor tasks within the project include the Radia-
tion Area Remedial Action Program, which is responsible
for the surveillance, maintenance, and decontamination
or stabilization of 955 inactive waste sites that include
former cribs, ponds, ditches, trenches, unplanned release
sites, and burial grounds. These sites are maintained by
performing periodic surveillances, radiation surveys, and
herbicide applications and by initiating timely responses
to identified problems. The overall objective of this
project is to maintain these sites in a safe and stable
configuration until final remediation strategies are iden-
tified and implemented. The objective is to prevent the
contaminants in these sites from spreading in the
environment.

Plutonium-Uranium Extraction Plant and
B Plant. The Plutonium-Uranium Extraction Plant
(also referred to as the PUREX Plant) was transferred to
the environmental restoration contractor after deacti-
vation in 1999 and is being maintained in a surveillance
and maintenance mode before decommissioning. The
plant has a single effluent stack emission point that is a
major emission unit as defined in 40 CFR 61. Also, there
are 45 RCRA treatment, storage, and disposal vessels
within the facility and containment structure. An annual
roof inspection is performed from within the facility and
from the outside to assess the condition of a facility that
no longer has heat or utility services.

The B Plant, excluding the 296-B-1 stack, was trans-
ferred to the environmental restoration contractor in
1999. The facility effluent emission point through the
296-B-1 stack was transferred on August 10, 2000. The
facility is being maintained in a surveillance and mainte-
nance mode before decommissioning. The plant main-
tains two stack emission points that are major emission
units by definition of 40 CFR 61. The plant contains 54

RCRA treatment, storage, and disposal vessels within

the facility and containment structure. An annual roof
inspection is performed from within the facility and
from the outside to assess the condition of a facility that
no longer has heat or utility services.

2.310.6 Canyon Disposition
Initiative

J. W. Golden and C. W. Hedel

The environmental restoration contractor completed
the final feasibility study report (under CERCLA) for the
Canyon Disposition Initiative in September 2001. The
purpose of the Canyon Disposition Initiative is to inves-
tigate the potential for using the five canyon buildings at
the Hanford Site as disposal facilities for Hanford Site
remediation waste, rather than demolishing the struc-
tures for onsite disposal. While Canyon Disposition
Initiative strategy, planning, and sampling activities
actually began in the mid-1990s, the final feasibility
study (DOE/RL-2001-11) was completed in 2001 and was
the final phase in the CERCLA remedial investigation/
feasibility study planning for disposition of the 221-U
Facility. The 221-U Chemical Processing Facility
(U Plant) was used as a pilot project for the Canyon
Disposition Initiative. The Tri-Parties consider the
process for the evaluation of U Plant to also apply to
the remaining four canyon buildings. There were five
alternatives selected for final evaluation and screening:
(1) Alternative O — No Action, (2) Alternative 1 — Full
Removal and Disposal, (3) Alternative 3 — Entomb-
ment with Internal Waste Disposal, (4) Alternative 4 —
Entombment with Internal/External Waste Disposal,
and (5) Alternative 6 — Close in Place — Collapsed Struc-
ture. The final feasibility study (DOE/RL-2001-11)
determined that Alternatives 3, 4, and 6 met the
requirements to protect human health and the environ-
ment, as well as being consistent with the 2012 cleanup
plan for the Central Plateau. The final remedy will be
selected during the record of decision process. Deter-
mining the final state of the five canyon buildings
figures prominently in DOE’s plan for the Central
Plateau as an area for long-term waste treatment, storage,
and disposal operations in support of Hanford cleanup
operations. The final feasibility study report (DOE/
RL-2001-11) was, therefore, a strategic document for
decision-making affecting the future of the Hanford Site.

2.3.11 Groundwater/Vadose Zone Integration Project

G. B. Mitchem, M. N. Jarayssi, and L. R. Curry
DOE established the Groundwater/Vadose Zone

Integration Project (Integration Project) in 1997 as its
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centerpiece for water resources protection for the Han-
ford Site. Specifically, the Integration Project coordi-
nates all projects at Hanford involved in characterizing,



monitoring, and remediating the groundwater, the
vadose zone (the soil above the groundwater), and the
Columbia River.

The project team includes staff from Bechtel Han-
ford, Inc. and its environmental restoration contractor
team, CH2M HILL Hanford Group, Inc.; Fluor Hanford,
Inc.; and Pacific Northwest National Laboratory, as well
as support from other national laboratories and universi-
ties. The Hanford Groundwater Monitoring Project is
under the umbrella of the Integration Project.

During 2001, the Integration Project team com-
piled an array of accomplishments that span its key focus
areas — Site-Wide Fieldwork Integration Focus Area, the
System Assessment Capability Focus Area, Science and
Technology Focus Area, Integration of Information
Focus Area, Technical Review Focus Area, and Public
Involvement Focus Area. The efforts within these
task areas directly support the DOE’s plan for the
Hanford Site.

2.3.11.1 Site-Wide Fieldwork
Integration Focus Area

Groundwater Restoration
L. C. Swanson

The overall objectives of groundwater restoration at
sites adjacent to the Hanford Reach are to:

® protect aquatic receptors in the river bottom sub-
strate from contaminants in the groundwater
entering the Columbia River

¢ reduce levels of contamination in the areas of high-
est concentration

e prevent further movement of contamination
e protect human health and the environment.

Summary descriptions of the groundwater restora-
tion activities are discussed below.

Chromium. Groundwater contaminated with
chromium underlies portions of the 100-D, 100-H, and
100-K Areas (the 100-HR-3 and 100-KR-4 Operable
Units) and is of concern because of a potential to affect
the Columbia River ecosystem. Low levels of chromium
are toxic to aquatic organisms, particularly those that use
the riverbed sediment as habitat (DOE/RL-94-102;
DOE/RL-94-113). The relevant standard for protection
of freshwater aquatic life is 10 pg/L of chromium
(WAC 173-201A). Chromium concentrations

exceeding 600 Pg/L have been measured in the pore-
water of riverbed sediment adjacent to the 100-D Area
(BHI-00778).

In 1994, a groundwater extraction system was
installed in the 100-D Area to test chromium removal
from groundwater using ion exchange technology. Fol-
lowing the record of decision in 1996 (EPA 1996), full-
scale pump-and-treat systems were constructed in the
100-D, 100-H, and 100-K Areas. The objective of these
systems is to remove hexavalent chromium contamina-
tion from the groundwater and, thus, prevent or reduce
the movement of chromium to the river.

In 2001, the total amount of groundwater treated by
pump-and-treat systems in the 100-D and 100-H Areas
was 222.6 million liters (58.8 million gallons), with the
removal of 26.3 kilograms (58 pounds) of hexavalent
chromium. Since 1997, more than 1.18 billion liters
(311.8 million gallons) of groundwater have been
treated, with 129.4 kilograms (285.4 pounds) of chro-
mium removed (DOE/RL-2002-05). Treated ground-
water is re-injected into the aquifer upgradient from the
100-H Area extraction wells. Groundwater from both
the 100-D and 100-H sites is treated in the 100-H Area

using separate treatment systems.

In 2001, the 100-KR pump-and-treat system treated
338.8 million liters (89.5 million gallons) of ground-
water. During the process, 36.2 kilograms (79.8 pounds)
of chromium were removed. Total chromium removed
since operations began in 1997 is 148.3 kilograms
(328.1 pounds) through treatment of 1.24 billion liters
(327.4 million gallons) of water (DOE/RL-2002-05).
Treated groundwater is re-injected into the aquifer
upgradient from the 100-KR-4 extraction wells.

To further evaluate chromium and other ground-
water contamination that might enter the Columbia
River between monitoring wells, 178 aquifer sample
tubes were installed in 1997 along and parallel to the
Columbia River shoreline. The distance between the
sample tubes was ~610 meters (~2,000 feet), except in
known chromium plumes, where distance was reduced
to ~305 meters (~1,000 feet). Sample tubes are con-
structed of 0.6-centimeter (0.25-inch) inner-diameter
polyethylene tubing with a screen at the bottom that is
placed anywhere from 0.9 to 9 meters (3 to 30 feet)
below ground surface. Sample tube installations begin
upstream from the 100-B/C Area and continue down-
stream ~40 kilometers (~25 miles) to near the Hanford
town site. Sample tube locations are shown in

Figure 7.1.8.

In the fall of 2001, 28 tube samples were collected
and analyzed for carbon-14, chromium, gross beta,
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nitrate, strontium-90, sulfate, total uranium, and trit-
ium. The results are being used to characterize ground-
water near the Columbia River in support of remediation
operations, monitoring objectives, and other environ-
mental programs. Sample tube data provide site-specific
information on the distribution of chromium that enters
the river at locations near sensitive ecological receptors
(e.g., salmon spawning areas). Additional discussion of
chromium in groundwater in the 100 Areas is presented
in Section 7.1.6.2.

In addition to pump-and-treat remediation, in situ
redox manipulation technology continues to be demon-
strated in the southwestern 100-D Area to address
hexavalent chromium contamination in groundwater.
This technology immobilizes hexavalent chromium by
reducing the soluble, more toxic, chromate ion to
highly-insoluble, less toxic, chromium hydroxide or
iron chromium hydroxide. This is accomplished by
injecting a chemical-reducing agent into closely spaced
wells to form a permeable reactive barrier. Following
reduction, the reagent and reaction products are
pumped out of the wells. Chromium is immobilized as
groundwater naturally flows past the barrier. This
groundwater cleanup technique was tested in 1997
through 1999 in five injection wells and then expanded
to include additional injection wells in 2000 and 2001. In
2001, the treatment zone was expanded by injecting the
chemical-reducing agent into 28 new wells. Chromium
concentrations are low (<100 pg/L) along the line of the
reactive barrier and to the northwest (downgradient) of
the center of the barrier ~100 meters (~330 feet) toward
the Columbia River.

Barrier construction continued in 2001 and is
expected be completed in late 2002 or early 2003. By the
end of calendar year 2001, 28 additional wells had been
constructed and treated, increasing the barrier length to
433 meters (1,420 feet) (DOE/RL-2002-01). The barrier
is 15 meters (48 feet) wide along its entire length. The
final barrier should be over 680 meters (2,230 feet) long.
The barrier will intercept and neutralize chromium-
contaminated groundwater moving from the aquifer to
the Columbia River. The current pump-and-treat sys-
tems will also continue to operate.

Strontium-90. The 100-NR-2 (N Springs) pump-
and-treat system began operating in 1995 north of
N Reactor and was designed to reduce the flux of
strontium-90 to the Columbia River. The pump-and-
treat system operates extraction wells to maintain
hydraulic capture. Groundwater is pumped into a treat-
ment system to remove the strontium-90 contamination,
with treated water re-injected upgradient into the aquifer.

The system was upgraded in 1996 and has continued to
operate through 2001. About 114.7 million liters
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(30.3 million gallons) were processed in fiscal year 2001.
During that period, 0.18 curies of strontium were
removed from the groundwater. Over 665.4 million
liters (175.7 million gallons) of groundwater have been
processed since the system began operation, removing
1.1 curies of strontium (DOE/RL-2002-05).

Carbon Tetrachloride. The carbon tetrachloride
plume in the 200-West Area (originating in the
200-ZP-1 Operable Unit) covers over 11 square kilo-
meters (4.2 square miles). The 200-ZP-1 pump-and-treat
system has operated as a pilot-scale treatability test
from 1994 to 1996, with full operation beginning in 1996.
In 2001, 326 million liters (86.1 million gallons) of
groundwater were treated, removing over 1,177 kilograms
(2,595 pounds) of carbon tetrachloride. A total of
1.67 billion liters (441 million gallons) have been proc-
essed since startup, removing 6,084 kilograms
(13,413 pounds) of carbon tetrachloride.

Uranium, Technetium-99, Carbon Tetrachlo-
ride, and Nitrates. Treatment of the groundwater
plume underlying the 200-UP-1 Operable Unit in the
200-West Area continued throughout 2001. The con-
taminant plume contains uranium, technetium-99, car-
bon tetrachloride, and nitrate. A pump-and-treat system
has operated since 1994 to contain the high concentra-
tion area of the uranium and technetium-99 plume.
During early operations, groundwater was treated using
ion-exchange resin to remove the uranium and
technetium-99, and granular activated carbon to remove
carbon tetrachloride. Since 1997, contaminated
groundwater has been transferred by pipeline to basin 43
at the 200 Area Effluent Treatment Facility. Sophisti-
cated treatment technology removes all four contami-
nants. Treated groundwater is then discharged north of
the 200-West Area at the State-Approved Land Disposal
Site.

The pump-and-treat system operated continually
during 2001, with the single extraction well pumping
98.2 million liters (25.9 million gallons) of groundwater,
which were treated to remove 8.3 grams (0.0183 pound)
of technetium-99, 15.5 kilograms (34.2 pounds) of ura-
nium, 2.41 kilograms (5.3 pounds) of carbon tetrachlo-
ride, and 3,540 kilograms (7,804 pounds) of nitrate. The
pump-and-treat operation made significant progress
toward reducing technetium-99 concentrations to below
required cleanup concentration levels, but less progress

was made with uranium (DOE/RL-2001-53).

Tritium. An investigation to determine the source
and extent of tritium in groundwater near an old radio-
active burial site was completed. DOE will use the
findings from this work to determine if any action is
needed at the burial site to protect public health and
environmental safety.



Soil-Vapor Extraction
V. J. Rohay

Soil-vapor extraction systems designed to remove
carbon tetrachloride vapor from the vadose zone
beneath the 200-West Area began operating in 1992 and
continued through 2001. Soil-vapor extraction has been
conducted in the vicinity of three historical carbon
tetrachloride disposal sites: the 216-Z-1A tile field, the
216-Z-9 trench, and the 216-Z-18 crib. Extracted soil
vapor is pumped through granular activated carbon,
which absorbs carbon tetrachloride. The granular acti-
vated carbon is then shipped offsite for treatment.

Three soil-vapor extraction systems have operated at
three different flow rates: 14.2 cubic meters (500 cubic
feet) per minute, 28.3 cubic meters (1,000 cubic feet) per
minute, and 42.5 cubic meters (1,500 cubic feet) per
minute. However, only the 14.2 cubic meters (500 cubic
feet) per minute system operated during 2001; the other
two systems were maintained in standby mode. Passive
soil-vapor extraction systems, which use atmospheric
pressure fluctuations to pump carbon tetrachloride
vapor from the vadose zone, were installed at wells near
the 216-Z-1A tile field and 216-Z-18 crib in 1999.
These passive systems operated throughout 2001. Since
operations began, soil-vapor extraction has removed
77,170 kilograms (170,130 pounds) of carbon tetrachlo-

ride from the vadose zone.

Remedial Investigation/Feasibility
Studies in the 200 Areas

B.H. Fordand M. E. Todd

Remedial investigation/feasibility studies con-
tinued in 2001 at soil waste sites in the 200 Areas. Work
was performed within the characterization and regula-
tory framework defined in the 200 Areas Remedial
Investigation/Feasibility Study Implementation Plan (DOE/
RL-98-28). Work was performed at several operable
units, which were at various stages of the CERCLA proc-
ess for remedial investigation/feasibility study. Summary
descriptions of activities performed in 2001 are provided
below.

200-CW-1 Operable Unit. The 200-CW-1 Oper-
able Unit consists of former ponds and ditches located
within the 200-East Area and north and east of the
200-East Area. These sites received mostly cooling
water from facilities such as the Plutonium-Uranium
Extraction Plant and B Plant. A remedial investigation
report was prepared and conditionally approved by the
regulators pending some additional ecological work for
the 200 Areas (DOE/RL-2000-35). This remedial inves-

tigation report evaluated the results of the fieldwork (i.e.,

the remedial investigation) performed the previous year.
The report analyzed soil contaminant data collected
from 27 test pits, 2 boreholes, and 191 soil samples
from 4 waste sites (216-A-25 pond, 216-B-2-2 ditch,
216-B-3-3 ditch, and 216-B-3 pond) as reported in
BHI-01367. The feasibility study for the operable unit
began in 2001. Regulatory comments on the remedial
investigation report required a delay in the feasibility
study pending preparation of a 200 Area ecological
evaluation report and a data quality assessment process
to determine the need for additional data to support the
ecological assessment of the operable unit. In addition,
work on the Central Plateau risk assessment framework
resulted in a delay to the feasibility study while exposure
scenarios were negotiated and evaluated for the plateau.
The feasibility study will re-start in 2002 and will incor-
porate information from both the ecological evaluation
and the risk framework project.

200-CS-1 Operable Unit. The 200-CS-1 Oper-
able Unit consists of waste sites that received chemical
sewer wastewater from major plant facilities in both the
200-West and 200-East Areas. A remedial investigation/
feasibility study work plan was approved in 2000 that
defines planned remedial investigation activities at four
representative waste sites: 216-S-10 pond, 216-S-10
ditch, 216-B-63 trench, and 216-A-29 ditch (DOE/
RL-99-44). The work conducted in 2001 included test
pit characterization at the 216-A-29 ditch. The installa-
tion of vadose zone boreholes, geophysical logging, and

completion of the remaining test pits will be conducted
in 2003.

200-LW-1 Operable Unit. The waste sites in this
operable unit received two types of waste: liquid waste
from 300 Area process laboratories that supported radio-
chemistry metallurgical experiments and liquid waste
resulting mainly from 200 Area laboratories that sup-
ported the major chemical processing facilities and
equipment decontamination from T Plant. The draft
work plan (DOE/RL-2001-66) was prepared and sub-
mitted for regulatory review. The work plan proposed
remedial investigation at four representative waste sites
(216-T-28 crib, 216-B-58 trench, 216-S-20 crib, and
216-Z-7 crib) and included borehole drilling, soil sam-
pling, and geophysical logging.

200-MW-1 Operable Unit. The waste sites in
this operable unit consist mainly of crib, French drain,
and trench waste sites that received moderate-to-low
volume equipment, decontamination, and ventilation
system waste, plus small-volume waste streams com-
monly disposed to French drains. The draft work plan
(DOE/RL-2001-65) was prepared and submitted for
regulator review. The work plan proposes remedial
investigation at five representative waste sites (216-A-4

crib, 216-T-33 crib, 216-T-13 trench, 216-U-3 French

Hanford Operations




drain, and 200-E-4 French drain). The work includes
installing vadose zone boreholes and test pits to collect
soil samples and conducting geophysical logging at the
boreholes.

200-PW-2 Operable Unit. Waste sites in this
operable unit received uranium-rich condensate/process
waste, primarily from waste streams generated at
U Plant, Reduction-Oxidation Plant, and Plutonium-
Uranium Extraction Plant, as well as B Plant and semi-
works facilities. The draft work plan (DOE/RL-2000-60)
was prepared and submitted for regulator review. The
work plan proposes remedial investigation activities at
four representative waste sites (216-A-19 trench,
216-B-12 crib, 216-A-10 crib, and 216-A-36B crib).
The work includes installing vadose zone boreholes to
collect soil samples, and conducting geophysical logging.

200-TW-1 and 200-TW-2 Operable Units. The
200-TW-1 Operable Unit consists of waste sites, mostly
cribs and trenches, that received waste associated with
uranium recovery activities at U Plant. The 200-TW-2
Operable Unit consists of waste sites, mostly cribs and
trenches, that received waste from the decontamination
processes at B Plant and T Plant. The work plan (DOE/
RL-2000-38) was prepared and approved by the regula-
tors. The work plan proposes remedial investigation
activities at three representative waste sites (216-T-26
crib in the 200-TW-1 Operable Unit, and the 216-B-7A
crib and 216-B-38 trench in the 200-TW-2 Operable
Unit). The field efforts for these two operable units were
completed in 2001 and consisted of installation, soil
sampling, and geophysical logging of three vadose zone
boreholes (one each at the 216-T-26 crib, the 216-B-38
trench, and the 216-B-7A crib). In addition, five drive
casings were installed and geophysically logged at the
216-B-38 trench. The drive casing data were used to
determine the optimum location for the borehole at that
waste site. Borehole summary reports were initiated for
each operable unit and will be completed in 2002. Data
from the laboratory analysis will be compiled into a
remedial investigation report in 2002.

200-PW-1 Operable Unit. The 200-PW-1 Operable
Unit contains waste sites that received significant quan-
tities of both carbon tetrachloride and plutonium, as
well as other contaminants associated with process
waste, from the Plutonium Finishing Plant and Pluto-
nium Reclamation Facility. A remedial investigation/
feasibility study work plan for this operable unit was sub-
mitted for regulatory review in 2001 (DOE/RL-2001-01).
The work plan includes a strategy to reduce carbon tetra-
chloride levels. Remedial investigation is expected to
focus on two representative waste sites including the
216-Z-1A tile field and the 216-Z-9 trench and on poten-
tial carbon tetrachloride waste sites and associated
pipelines.
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200-BP-1 Prototype Hanford Barrier Perform-
ance Monitoring. Performance monitoring of the Pro-
totype Hanford Barrier continued in 2001. Activities
included water balance monitoring, stability surveys,
and biotic surveys. An annual letter report will be pre-
pared in 2002 to document the monitoring results.

2.311.2 System Assessment
Capability Focus Area

B. W. Bryce

The first assessment using the System Assessment
Capability was completed. The System Assessment
Capability is a suite of computer models and analysis
techniques that is used to predict the movement and fate
of contaminants that will remain on the Hanford Site
after closure. Italso is used to estimate the effects of those
contaminants to human health, the environment, the
Columbia River, and the local economy and cultures.
The System Assessment Capability is envisioned as a
tool to assess the merits of remediation, isolation, and
containment alternatives for specific areas of the
Hanford Site. Refer to Sections 6.3.3 and 7.4.2 for more
information on the System Assessment Capability.

2.311.3 Integration of
Information, Technical
Review, and Public
Involvement Focus Areas

M. N. Jarayssi and E. A. Jenkins

As part of the Integration Project’s mission to inte-
grate and provide information Hanford staff can use in
their work, a Virtual Library was issued as a user-friendly
means for reviewing and using site environmental data.
Additional data sources will be incorporated into the
Virtual Library during the coming year.

Another integration effort the project began in 2001
was the Central Plateau Risk Framework Guidance. This
effort is aimed at establishing a set of short- and long-term
risk parameters, such as site future uses and geographic
buffer zones, that will be used consistently to make
cleanup and closure decisions by all programs operating
on Hanford’s Central Plateau.

Technical review and public involvement remained
key to the Integration Project’s success in the past year.
The expert panel, which provides oversight and review of
the project, continued to give the effort high marks for its
work. Staff met regularly with interested individuals,
organizations, and Tribal Nations to obtain feedback
about the project. These activities range from monthly



public meetings to opportunities to learn about the
project via the environmental restoration contractor
Internet site (http://www.erc.rl.gov).

2.3.11.4 Vadose Zone
Characterization in the
Vicinity of 200 Areas Waste
Sites

R. G. McCain and P. D. Henwood

In fiscal year 2001, the methods developed for
vadose zone baseline characterization around the single-
shell tanks was extended to liquid waste disposal sites
and burial grounds in the 200 Areas. The DOE Grand
Junction Office developed two logging systems to detect
and identify manmade gamma-emitting radionuclides in
the vadose zone. The Spectral Gamma Logging System
uses a high-purity germanium semiconductor detector
with a relative efficiency of ~35%. This detector is
capable of quantifying gamma-emitting radionuclides
from background levels to several thousand picocuries
per gram. A second system, the high-rate logging system,
was specifically developed for use in zones of high
gamma flux. With supplemental shielding, this system
is capable of measuring radionuclide levels up to several
hundred million picocuries per gram (cesium-137). In
June 2001, these logging systems were deployed in exist-
ing boreholes within and adjacent to waste disposal sites
in the 200 Areas. In addition, new groundwater moni-
toring wells and new boreholes associated with ongoing
waste site investigations were logged.

Approximately 860 boreholes have been identified
in the vicinity of waste sites. It is intended that all
available boreholes will be logged as part of the baseline
vadose zone characterization project. Prioritization of
individual boreholes is based on data needs of Hanford
remedial investigation or remediation projects as well as
published estimates of waste discharges.

Existing boreholes in the 200 Areas have been evalu-
ated in terms of proximity to waste sites, waste site dis-
posal history, waste site location, and relevance to
near-term characterization efforts in the ongoing reme-
dial investigation/feasibility study process. This forms
the basis for initial project scheduling. This schedule will
be periodically updated to fulfill the needs of ongoing
site characterization activities as necessary and to
support the installation of new groundwater monitoring
wells.

The log data will provide a comprehensive baseline
of existing subsurface contamination conditions to sup-
port waste site characterization activities. The logs also
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provide input to subsurface transport and risk assessment
models implemented under the System Assessment
Capability. Finally, a comprehensive and consistent
baseline data set constitutes a benchmark against which
future measurements can be compared to track gamma-
emitting radionuclides in the vadose zone. Section 7.1 of
this report provides additional information on vadose
zone characterization.

2.3.11.5 Science and
Technology Focus Area

M. D. Freshley

The Integration Project’s Science and Technology
efforts focus on providing new knowledge, data, and
tools to enable the cleanup and stewardship mission at
the Hanford Site. In addition to promoting new tech-
nologies and methods to solve Hanford’s soil and
groundwater cleanup problems, Science and Technol-
ogy seeks to improve the scientific basis for decisions
on actions taken by DOE to protect the Columbia River
and its ecological systems, while preparing the Hanford
Site for the future. The activities of the Science and
Technology Focus Area are funded by the Integration
Project, by the DOE Environmental Management Sci-
ence Program, and by the DOE Office of Science and
Technology.

During 2001, the Integration Project Science and
Technology Focus Area completed the following:

Soil Inventory. The soil inventory team deliv-
ered estimates of contaminant inventories at individual
waste disposal locations to the System Assessment
Capability for use in their Rev. O assessment. A report
was published on development and application of the
Soil Inventory Model and its application to soil waste
sites on the Central Plateau (BHI-01496). The Soil
Inventory Model was applied to generate inventory
estimates for 46 radionuclides and 27 chemicals at
88 liquid-waste disposal sites.

S-SX Tank Farm Investigation. Laboratory and
modeling studies were completed for the S-SX field
investigation. These studies, performed by the Integra-
tion Project Science and Technology Focus Area and
Environmental Management Science Program,
addressed a number of scientific issues associated with
the composition of tank wastes that leaked to the vadose
zone, the chemical species present in the vadose zone
associated with the tank wastes, movement of water and
contaminants through the vadose zone, and the geo-
chemical behavior of cesium-137, chromium, and
technetium-99. The results of these investigations were
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summarized in an appendix of the S-SX Field Investiga-
tion Report prepared by the River Protection Project for
the DOE Office of River Protection (RPP-7884).

Vadose Zone Transport Field Study. This study
involved completion of a field experiment that called for
the injection of a high-salt solution (sodium thiosulfate)
into the vadose zone to emulate the behavior of tank
waste. Field data on the movement of this solution were
collected using various geophysical methods and neutron
probes, and by collecting core samples and evaluating
tracer movements. The solution spread laterally, and
moved downward more deeply into the vadose zone that
did a dilute solution injected during earlier field experi-
ments in 2000. The new field data provide refined
estimates for transport parameters determined from
actual field observations. These results were compared
with results obtained from laboratory-scale experiments,
to better understand how to apply the results of labora-
tory experiments to real-life scenarios in the field. The
results are summarized in PNNL-13679. Section 7.3.2 of

this report also provides a discussion of this study.

Groundwater/River Interface. Conceptual models
were completed for the groundwater/river interface at
the 100-D, 100-K, and 100-H Areas. The conceptual
models included descriptions of the groundwater flow
and contaminant distributions in the near-river ground-
water. A numerical model demonstrating water and
contaminant particle movement was developed for the
100-H Area and the model was used to evaluate dilution
factors for future revisions of the System Assessment
Capability. The results are summarized in a report
(PNNL-13674).

Biological Fate and Transport. Laboratory experi-
ments for the uptake of technetium-99 by rainbow trout
through the water pathway were completed. The results
will be used to develop risk assessment parameters
needed for sitewide and site-specific risk assessments at
the Hanford Site.

National Academy of Sciences Review. The
National Academy of Sciences/National Research
Council Committee on Environmental Remediation
Science and Technology at the Hanford Site completed
its 18-month review of the Integration Project Science
and Technology Focus Area. The results of their review
were presented on August 1, 2001, to DOE Environ-
mental Management, who commissioned the review.
The committee concluded there is a long-term and con-
tinuing need for the Science and Technology Focus Area
to support cleanup and stewardship of the Hanford Site.
The committee also noted that given the technical and
organizational complexity of the task, the Integration
Project has made a good start in creating a science and
technology roadmap, defining and initiating a science
and technology program, and fulfilling the promise of its
mission (National Research Council 2001). They recom-
mended increased documentation of science and tech-
nology projects, prioritization of research activities, and
effective use of peer review. Additionally, they made
recommendations for reprioritization of work as well as
several specific technical recommendations.

2.3.12 Research and Technology Development

T. M. Brouns

The Tanks Focus Area was created in 1994 by
DOE’s Office of Environmental Management to inte-
grate radioactive tank waste remediation efforts across
the DOE complex. In support of the DOE Office of
River Protection, the Tanks Focus Area addressed a
number of high priority issues in 2001 that are discussed
in the following sections.

2.312.1 Corrosion Control

Because of the time and cost involved with baseline
corrosion control methods, the Tanks Focus Area and
contractors at the Hanford Site established a program to
develop electrochemical noise-based corrosion monitor-
ing systems for the Hanford double-shell tanks. The
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corrosion monitoring system, like most electrochemical
noise-based systems, measures fluctuations in current
and voltage on carbon-steel electrodes immersed in the
tank waste. Different forms of corrosion create different
patterns in current and voltage; by monitoring the fluc-
tuations in current and voltage on each channel, the
active form of corrosion can be established. Four sys-
tems, designed and fabricated by Hiline Engineering in
Richland, Washington, have been installed under this
program since 1997. The most recent installation
occurred on January 3, 2001, with deployment of a probe
in double-shell tank AN-104. In addition to eight chan-
nels of corrosion monitoring electrodes on the probe,
the AN-104 system is also fitted with an array of 22 ther-
mocouples, a movable verification thermocouple, a tank
waste high-surface level detector, ports for pressure/gas
sampling, a set of strain gauges, and an integrated water



lance (a high-pressure water nozzle used to cut a path
through the waste) to facilitate rapid installation. These
features add a great deal of functionality to the probe,
could provide for a better understanding of the relation-
ship between corrosion and other tank operating param-
eters, and optimize the use of the riser that houses the
probe in the tank.

2.312.2 Remote Pit Operation
Enhancements at Hanford

To reduce worker exposure and enable more thor-
ough removal of discarded materials in valve pits
throughout Hanford’s tank farms, the Tanks Focus Area
worked with site users to develop functions and require-
ments for the “Pit Viper,” a remote pit-operations sys-
tem. In 2001, Pacific Northwest National Laboratory
issued awards for the various Pit Viper components. The
backhoe, which serves as the deployment platform
and provides gross positioning capability, was purchased
from FERMEC. The manipulator arm, which performs
the more dexterous movements within the pit area, was
purchased from Cybernetix of Marseilles, France. A
previously developed remote control console was modi-
fied for use with the Pit Viper components.

During the summer of 2001, assembly and cold test-
ing of the system components took place at the Hazard-
ous Materials Management and Emergency Response
Facility (also known as the HAMMER Training and
Education Center). Following a safety review and num-
erous demonstrations for site users and other interested
parties, the system was moved to the C tank farm and
deployed in the heel pit of tank C-104 in December 2001.
The system successfully performed various pit cleanup,
repair and maintenance tasks during the 3-day
deployment.

2.3.12.3 Double Salt
Experiments

Double salts are chemical compounds made up of
multiple anions or cations. Historically, Hanford tank
characterization data provided scant evidence of double
salts, and commercial chemistry models used to predict
solid formation scenarios during waste transfer did not
adequately predict their formation. The high ionic
strength of Hanford Site tank waste solutions can lead to
uncertainties in equilibrium calculations for transport-
ing dissolved saltcake. As new discoveries of double salts
in Hanford tank waste are uncovered, the model database
to predict waste transfer behaviors requires updating. A
series of calculations was performed on concentrated
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sodium nitrate to compare experimental results with
predictions made by the Environmental Simulation Pro-
gram for actual Hanford saltcake dissolution in an effort
to improve the Environmental Simulation Program
database. Approximately 180 double-salt samples were
prepared in 2000 to conduct aging experiments. In 2001,
experiments to determine the effectiveness of the
saltcake dissolution process with double salts and at
higher operating temperatures were conducted. Data
from this effort will be used to expand the Environ-
mental Simulation Program model to include informa-
tion on critical double salts found in Hanford waste.

2.312.4 High-Level Waste
Melter Review

At the request of DOE Headquarters, in 2001 the
Tanks Focus Area coordinated a technical review of
alternatives for solidification of Hanford Site high-level
waste that could achieve major cost reductions within
reasonable long-term risks. The review method con-
sisted of an in-depth data collection and analysis effort
conducted by a study team. The study included informa-
tion on Hanford Site waste; identification of improve-
ments in waste loading, waste processing, and waste
forms; waste forms produced through a melting process;
waste canister packaging modifications that relate to
increasing the waste form volume in repository waste
form packages; and an assessment of melter technol-
ogies. The results of the study team analyses were docu-
mented in a detailed report (PNNL-13582), which was
then reviewed by a panel of independent technical
experts. Based on their review, the technical experts
recommended a research and development program for
future melter advancements.

Their principal conclusions and recommendations
included the following: (1) no waste forms were found
to be better than the current borosilicate glass form;
(2) modest research should be conducted on other sili-
cates and iron-phosphate glasses; (3) no melters were
found better than the current Joule-heated ceramic
melter technology; (4) substantial improvements are
needed in the current melter technology to achieve
higher waste loading, a higher and more predictable
processing rate, and lower disposal costs; (5) a short but
intense research effort should be conducted on the
advanced cold crucible melter to determine the poten-
tial for replacing the current technology; and (6) the
biggest challenge in containing cost is the development
of a total system plan. The review team cautioned that
in developing the system plan, concentrating on one
segment of the system could unbalance the overall
system and eliminate the potential for cost savings.
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Although the review team’s findings included recommen-
dations for improvements in vitrification operations and
melter technology, it also reinforced the baseline high-
level waste treatment path using Joule-heated melters.

2.3.12.5 Salt Waste Retrieval
Methods

In compliance with the Tri-Party Agreement
(Ecology et al. 1998), saltcake waste must be removed
from Hanford single-shell tank S-102 by fiscal year
2006. In an effort to determine a method that does not
increase liquid waste volume during retrieval, in 2001
the Tanks Focus Area supported investigations into two
potential low-water retrieval technologies. One is the
Dual Nozzle Pulsating Mixer Pump, a collaboration
with the DOE Office of Defense Nuclear Nonprolif-
eration and experts from the Mining Chemical Com-
bine Facility in Zheleznogorsk, Russia. Adapted from
the original single-nozzle design, the Dual Nozzle Pulsat-
ing Mixer Pump contains a second nozzle located at a
higher elevation for spraying a jet of water (with a pro-
jected cleaning radius of between 6 to 13 meters [19.5 to
42.5 feet]) at tank residuals near the tank’s edge in order
to wash the solids toward the retrieval pump. After cold
testing, the system will undergo testing in radioactive
plutonium-uranium extraction waste in two sizes of
tanks.

The other retrieval method is a fluidic-based pulse-
jet system developed by AEA Technology of the
United Kingdom. In August 2001, full-scale-system
testing was completed at the vendor’s U.S. facility in
Charlotte, North Carolina. The testing provided the
basis to determine how much — or how little — water is
needed for retrieval operations using the fluidic system.
Hanford Site users will evaluate each technology’s
development and testing efforts in determining a
preferred retrieval method for tank S-102.

2.312.6 Tank Integrity
Inspection Techniques

To maintain safe storage of radioactive waste in
Hanford’s 28 double-shell tanks, the knuckle area (i.e.,
the curved “corners” near the bottom of the tank where
the wall meets the floor) of each primary tank must be
inspected for integrity — not an easy task considering
this area is inaccessible using conventional measure-
ment techniques. In 2001, the Tanks Focus Area helped
make adaptations to a crawler-based, ultrasonic Syn-
thetic Aperture Focusing Technique to assess tank integ-
rity using remotely operated nondestructive examination
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equipment. In September 2001, a report (PNNL-13682)
was issued describing the functions, requirements, devel-
opment, and procurement strategy of the double-shell
tank knuckle region ultrasonic scanning system. The
system also includes an adapted off-the-shelf crawler,
which serves as a delivery vehicle for the system. As part
of the development effort, the Center for Nondestruc-
tive Evaluation at Jowa State University joined the Syn-
thetic Aperture Focusing Technique Team to help
them understand sound propagation of the knuckle
region of these tanks. The Center for Nondestructive
Evaluation provided the team with a computational
algorithm to perform experimental flaw manipulation
without having to fabricate a large number of flawed
samples. Following a peer review of the development
effort and subsequent successful cold testing, the system
is ready for deployment. It will provide the ability to
provide long-term measurements of the entire knuckle
region — where areas of mechanical stress are concen-
trated — and a portion of the tank floor to accurately size
in length and depth any cracks found.

2.312.7 Topographical
Mapping System

In a collaborative effort that began a decade ago, the
Tanks Focus Area sponsored development of a Topo-
graphical Mapping System, a tool capable of gathering
and analyzing topographical data on obstacles and tank
waste topography, and generating a three-dimensional
computer map of the data. The system will help waste
retrieval planning and assessment and will provide a
measure of retrieval performance. It also will furnish
data on residual tank-waste volumes, which will be help-
ful when planning tank closures. In 2001, testing and
demonstration work on Topographical Mapping System
started anew to update the system in support of deploy-
ment in tank U-107 to measure the waste surface profile
and estimate the volume before and after a “sprinkler/salt
well” retrieval test. The system uses a structured light
technique that projects a laser plane onto the surface to
be mapped. A camera is then used to image the resulting
laser plane’s contour line and, using a triangulation-based
analytical method, generates a surface profile from the
data gathered. In 2001, the system underwent computer
upgrades and measurement accuracy testing, followed by
acceptance testing. In September 2001, the Topographi-
cal Mapping System was installed in single-shell tank
U-107. Site users will evaluate the performance of the
Topographical Mapping System and, if acceptable, will
recommend the system for deployment in Hanford Site
tank S-112 before, during, and after retrieval of the tank
waste.



2.3.12.8 Tanks Cold Test
Facility

To adequately prepare for deployment of various
retrieval technologies in Hanford’s single-shell tanks,
and eventual testing of waste mixing and mobilization
technologies for Hanford’s double-shell tanks, cold
testing of the retrieval equipment is needed, as well as a
facility in which to develop and cold test the equipment.
In 2001, the Tanks Focus Area assisted the River Protec-
tion Project with the development of facility require-
ments by calling on retrieval equipment cold testing
experts from across the DOE complex. The 4-hectare
(10-acre) Cold Test Facility, to be located near Hanford’s
Hazardous Materials Management Emergency Response
training facility (also known as the HAMMER facility),
will be used for testing, equipment acceptance, and train-
ing to support a broad range of River Protection Project
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retrieval activities in a non-radioactive, simulated envi-
ronment. The facility will include (1) a mock waste tank
made of steel that is 23 meters (75 feet) in diameter
with an open top capable of staging up to 2.3 million
liters (600,000 gallons) of simulated waste that will
include sand, clay, soluble salts, and liquids containing
sodium nitrate (materials similar to sludge, saltcake, and
supernatant liquid, the three basic types of Hanford tank
waste); and (2) a superstructure spanning this tank,
with platforms at ~11 and 17 meters (~35 and 55 feet)
above the tank bottom to simulate the heights of
Hanford’s older single-shell tanks and newer double-
shell tanks. Initial activities at the facility will focus on
equipment testing, operator training, and retrieval
demonstrations of Tanks Focus Area-sponsored
retrieval technologies planned for use in tanks C-104,
S-102, and S-112. Construction of the facility began in
fall 2001, with equipment development and testing
scheduled for summer 2002.
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24 Environmental
Occurrences

B. G. Fritz

Onsite and offsite environmental releases of radio-
active and regulated materials are reported to DOE and
other federal and state agencies as required by law. The
specific agencies notified depend on the type, amount,
and location of the individual occurrence. In some cases,
an occurrence may be under continuing observation and
evaluation. All emergency, unusual, and off-normal
occurrences at the Hanford Site are reported to the Han-
ford Site Occurrence Notification Center. This center is
responsible for maintaining both a computer database

and a hardcopy file of event descriptions and corrective
actions. Copies of occurrence reports are made available
for public review in DOE’s Public Reading Room
located in Richland, Washington. The following sec-
tions summarize some of the unusual and off-normal
environmental occurrences not discussed in Sections 2.1
through 2.3 or that were not discussed in detail. For each
occurrence, the title and report number from the
Hanford Site Occurrence Notification Center is given in
the heading.

24.1 Emergency Occurrences

Emergency occurrences are defined in DOE Order
232.1A as “the most serious occurrences and require an
increased alert status for onsite personnel and, in specific

cases, for offsite authorities.” There were no environ-
mentally significant emergency occurrence reports filed
during 2001.

2.4.2 Unusual Occurrences

Unusual occurrences are defined as “a non-emergency
occurrence that exceeds the off-normal occurrence
threshold criteria, is related to safety, environment,
health, security or operations” by DOE Order 232.1A.
There was one environmentally significant unusual
occurrence report filed in 2001.

e PCB release at the 600-23 Remediation Site
(RL-BHI-REMACT-2001-0007)

On May 10, 2001, a subcontractor was involved in
excavation activities at the 600-23 burial site. The
600-23 burial site is located north of the Wye Barri-
cade on Route 2 South, near mile marker six, on the
east side of the road. The site was used to dispose of
non-radioactive construction debris and drums. At

1500 hours on May 10, 2001, the subcontractor
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unearthed an unknown piece of equipment. The
equipment had an engine with a liquid reservoir.
Approximately 38 liters (10 gallons) of an oily sub-
stance leaked from this reservoir to the ground. The
equipment was placed on a plastic tarp within a
bermed area. The contaminated soil was excavated
and placed into containers. Laboratory analysis of
the contaminated soil revealed the presence of
polychlorinated biphenyls in the spilled substance.
It was estimated that ~1.2 kilograms (2.6 pounds) of
polychlorinated biphenyls were released to the soil.
This exceeded the CERCLA reportable quantity.
The spill was entirely contained and the equipment
and contaminated soil were disposed of at the Envi-
ronmental Restoration Disposal Facility.



2.4.3 Off-Normal Occurrences

The DOE order describes off-normal occurrences as
“abnormal or unplanned events or conditions that
adversely affect, potentially affect, or are indicative of
depredation in the safety, safeguards and security, envi-
ronmental or health protection, performance or opera-
tion of a facility.” Four off-normal occurrences with
environmental impacts not discussed in other sections
are outlined here.

¢ Brush Fire (RL-PHMC-FSS-2001-0009)

On Thursday, August 16, 2001, a spark ignited grass
and sagebrush at a remote jobsite in the 600 Area.
The spark was generated by a metal-cutting chop
saw at ~1300 hours. Employees at the scene
expended two portable fire extinguishers in an
attempt to control the fire. This proved ineffective,
and the Hanford Fire Department was called to
the scene. At ~1512 hours, the fire was contained.
The resulting damage was between 0.8 to 1.6 hec-
tares (2 to 4 acres) of burned grass and sagebrush.

e Oil in Well 699-43-2 (RL-BHI-GROUNDWTR-
2001-0001)

Well 699-43-2 is located just south of the Hanford
town site. On February 8, 2001, a field inspection
team was collecting data on the water level and depth
of the well using an electronic water-sensing tape
(e-tape). After removing the e-tape from the well,
members of the inspection team noticed an oily
aroma, and an oily substance on their hands, gloves,
and the e-tape. Rags used to clean the e-tape were
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placed in plastic bags for later disposal. Laboratory
analysis of the oily substance identified it as a light
diesel hydrocarbon determined to be ignitable. The
waste generated by sampling of the well was deter-
mined to be unregulated and was disposed of accord-
ingly. The well was locked and secured, and it was
identified in the Waste Information Data System.

Employees suffer respiratory irritation as a result of
severe winds and resulting dust (RP-CHG-
TANKFARM-2001-0020)

On March 22, 2001, five employees from a 200-West
Area tank farm reported to the Hanford Environ-
mental Health Foundation with various respiratory
complaints. All five employees were diagnosed with
upper airway irritation and complications. Hanford
Environmental Health Foundation doctors deter-
mined the cause to be exposure to dusty conditions
on March 19, 2001. All five employees had pre-
existing conditions of asthma and/or allergies.

200-West Area unscheduled shutdown due to wind
speed and blowing dust (RP-CHG-TANKFARM-
2001-0027)

At 1415 hours on April 30, 2001, all non-essential
activities in the 200-West Area were suspended by
the shift manager. Sustained winds of 11 m/s
(25 mph) and wind blown dust triggered the sus-
pension of operations. At 1515 hours, all non-
essential employees were instructed to go home.



2.5 Waste Management and

Chemical Inventories

L. P. Diediker and D. L. Dyekman

2.5.1 Waste Management

Waste produced from Hanford Site cleanup opera-
tions is classified as either radioactive, non-radioactive,
mixed, or hazardous. Radioactive waste is categorized as
transuranic, high-level, and low-level. Mixed waste
has both radioactive and hazardous non-radioactive
substances. Hazardous waste contains either dangerous
waste or extremely hazardous waste or both, as defined
in WAC 173-303. Hanford’s hazardous waste is man-
aged in accordance with WAC 173-303.

Radioactive and mixed waste is currently handled in
several ways. High-level waste is stored in underground
single- and double-shell tanks. The method used to
manage low-level waste depends on the source, composi-
tion, and concentration of the waste. Low-level waste is
stored in either the tank system, on storage pads, or is
buried. Transuranic waste is stored in vaults or on
underground and aboveground storage pads from which
it can be retrieved.

An annual report lists the dangerous waste gen-
erated, treated, stored, and disposed of onsite and offsite
(DOE/RL-2002-06). Dangerous waste is treated, stored,
and prepared for disposal at several Hanford Site facili-
ties. Dangerous waste generated at the site also is
shipped offsite for disposal, destruction, or recycling.

Non-dangerous waste generated at the Hanford Site
historically has been buried near the 200 Areas Solid
Waste Landfill. Beginning in 1999, non-dangerous
waste has been disposed at the Roosevelt Regional land-
fill near Goldendale, Washington, through a contract
with Basin Disposal, Inc. Since 1996, medical waste has
been shipped to Waste Management of Kennewick.
Asbestos has been shipped to Basin Disposal, Inc. in
Pasco and the onsite Environmental Restoration
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Disposal Facility. Since 1996, non-regulated drummed
waste has been shipped to Waste Management of
Kennewick.

Non-dangerous waste originates at a number of areas
across the site. Examples include construction debris,
office trash, cafeteria waste, and packaging materials.
Other materials and items classified as non-dangerous
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. Non-hazardous demolition waste from
100 Areas decommissioning projects is buried in situ or
in designated sites in the 100 Areas.

Annual reports document the quantities and types
of solid waste generated onsite, received, shipped offsite,
and disposed of at the Hanford Site (HNF-EP-0125-14).
The solid waste program is regulated by the Resource
Conservation and Recovery Act and Toxic Substances
Control Act discussed in Section 2.2. Solid waste gener-
ated onsite or received from offsite and disposed of at
the Hanford Site from 1996 through 2001 is listed in
Tables 2.5.1 and 2.5.2. Quantities of hazardous waste
shipped offsite from 1996 through 2001 are shown in
Table 2.5.3. Table 2.5.4 provides a detailed summary
of the radioactive solid waste stored or disposed of in
2001.

The liquid waste generated in 2001 and stored in
underground storage tanks is included in the annual dan-
gerous waste report (DOE/RL-2002-06). Table 2.5.5 is a
summary of the liquid waste generated from 1996
through 2001, which is stored in underground storage
tanks.



Table 2.5.1. Quantities of Solid Waste® Generated on the Hanford Site, kg (Ib) I

Waste Category 1996 1997 1998 1999 2000 2001

Mixed 199,000 442,000 509,000 421,000 441,000 328,500
(439,000) (975,000) (1,120,000) (928,000) (973,000) (724,300)

Radioactive 3,870,000 6,590,000 1,470,000 957,000 700,000 1,675,200

(8,530,000)  (14,500,000) (3,240,000) (2,110,000) (1,544,000)  (3,693,800)

(a) Solid waste includes containerized liquid waste.

Table 2.5.2. Quantities of Solid Waste® Received from Offsite, kg (Ib) I

Waste Category 1996 1997 1998 1999 2000 2001

Mixed 2,070 3,560 267 1,306 1,381 127,000
(4,560) (7,850) (589) (2,880) (3,045) (280,000)

Radioactive 1,670,000 1,430,000 2,870,000 2,325,700 6,958,000 4,736,500

(3,680,000) (3,150,000) (6,330,000) (5,128,000) (15,343,000)  (10,444,000)

(a) Solid waste includes containerized liquid waste. Solid waste quantities do not include United States Navy reactor
compartments.

Table 2.5.3. Quantities of Hazardous Waste® Shipped Offsite, kg (Ib) I
Waste Category 1996 1997 1998 1999 2000 2001
Containerized 590,000 110,000 65,700 1,732,700® 33,200 56,000
(1,300,000) (243,000) (145,000) (3,820,600) (73,220) (124,000)
70,000 315,500 2,600
(154,000) (695,700) (5,800)
Bulk Solids 0 335,000 47,500 402,300 0 0
(739,000) (105,000) (887,000)
Bulk Liquids 98,800 5,025,000 41,800 0 0 0
(218,000)  (11,100,000) (92,200)
Total 689,000 5,470,000 155,000 2,205,000 348,700 59,000
(1,520,000)  (12,100,000) (342,000) (4,862,000) (768,883) (130,000)
(a) Does not include Toxic Substances Control Act waste.
(b) Hazardous waste only.
(c) Mixed waste (radioactive and hazardous).
(d) Includes 399,875 kg (882,000 Ib) of material associated with the extraction of carbon tetrachloride from soil.
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Table 2.5.4. Radioactive Solid Waste Stored or Disposed of on
the Hanford Site, 2001
Quantity, Ci®
Low-Level
Constituent® Low-Level Mixed Waste Transuranic
Tritium 1,740 0.016 0.0111
Carbon-14 28.7 0.000181 ©
Manganese-54 0.304 0.000164 0.678
Iron-55 13,500 () ©
Cobalt-60 25,400 0.00409 13.1
Nickel-63 98,100 0.000154 ©
Strontium-90 63.8 2.57 71,500
Yttrium-90 63.8 2.57 71,500
Technetium-99 23.6 0.00081 2.44
Rhodium-106 0.124 © ©
Ruthenium-106 0.124 @ ©
lodine-129 0.0000683 0.000172 ©
Cesium-137 59,100 2.53 136,000
Barium-137m 55,900 2.39 129,000
Uranium-233 0.00167 0.000234 ©
Uranium-234 57.1 0.000131 0.000394
Uranium-235 2.78 0.0000843 0.000555
Uranium-236 5.12 0.00000205 0.0000161
Uranium-238 48.1 0.00336 0.00184
Plutonium-238 0.108 0.00158 292
Plutonium-239 0.604 0.00441 3,940
Plutonium-240 0.131 0.00169 982
Plutonium-241 9.5 0.0893 12,900
Plutonium-242 0.0000354 0.000000139 0.26
Americium-241 0.458 0.00855 1,470
Curium-244 0.00281 0.0000411 2.43
Total 254,000 10.2 439,000
(a) 1Ci=37GBq.
(b) See Appendix A, Table A.7 for radionuclide half-lives.
(c) Value was not reported or was insignificant relative to other waste types.

2.5.2 Chemical Inventories

Types, quantities, and locations of hazardous
chemicals are tracked through prime contractor-specific
chemical management system requirements (see Sec-
tion 2.2.3), which include compliance activities associ-
ated with the Emergency Planning and Community
Right-To-Know Act (see Section 2.2.5). The 2001
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Hanford Site Tier Two Emergency and Hazardous Chem-
ical Inventory (DOE/RL-2002-13) was issued in February
2002 in compliance with Section 312 of the act.
Table 2.5.6 summarizes the information reported, listing
the 10 hazardous chemicals stored in greatest quantity
on the Hanford Site in 2001.
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Table 2.5.5. Quantities of Liquid Waste® Generated and Stored within the Tank Farm System on
the Hanford Site in Calendar Year 2001 and in each of the Previous 5 Calendar Years, L (gal)

Type of Waste 1996®™ 1997¢© 1998¢) 1999t 2000® 2001®
Volume of waste added 2,420,000 796,000 1,715,000 5,420,000 8,920,000 2,980,000
to double-shell tanks (639,000) (210,000) (453,000) (1,432,000) (2,357,000) (788,000)

Total volume in double- 72,256,000 69,245,000 70,969,000 73,290,000 79,630,000 79,980,000
shell tanks (year end) (19,090,000)  (18,295,000) (18,750,000) (19,363,000) (21,038,000)  (21,131,000)

Volume evaporated at 4,341,000 3,800,000 0 3,097,000 2,580,000 2,580,000
242-A (1,147,000) (1,004,000) (818,000) (682,000) (682,000)
Volume pumped from 630,000 244,000 859,000 2,930,000 2,250,000 590,000
single-shell tanks@ (166,000) (64,000) (227,000) (774,100) (595,000) (155,000)

(a) Quantity of liquid waste is defined as liquid waste sent to double-shell underground storage tanks during these years. This
does not include containerized waste (e.g., barreled) included in the solid waste category.

(b)  Quantity of liquid waste is defined as shown by different categories on left-hand side of table during these years. This does
not include containerized waste (e.g., barreled) included in the solid waste category.

(c) Quantity of liquid waste shown is corrected figure for these years.

d) Volume does not include dilution or flush water.

Table 2.5.6. Average Amount of Ten Hazardous
Chemicals Stored in Greatest Quantity
on the Hanford Site, 2001
Average
Hazardous Chemical uantity, kg (Ib
Mineral oil 1,800,000 (3,900,000)
Sodium 1,000,000 (2,300,000)
Diesel fuel (Grades 1 and 2) 2,800,000 (6,200,000)
Ethylene glycol 250,000 (540,000)
Nitrogen 73,000 (160,000)
Argon 67,000 (150,000)
Crystalline silica (quartz,
cristobalite, tridymite) 65,000 (140,000)
Propane 39,000 (85,000)
Sulfuric acid 37,000 (82,000)
Carbon 35,000 (77,000)
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C.]J. Perkins

The following sections provide information about
facility-related environmental monitoring programs at
the Hanford Site, including effluent monitoring (Sec-
tion 3.1) and near-facility environmental monitoring
(Section 3.2).

The monitoring of effluents and contaminants at
Hanford Site facilities is necessary to determine the
effects these materials may have on the public, workers at
the site, and the environment. Effluent monitoring is
conducted by the various site contractors at their facil-
ities pursuant to requirements in DOE Order 5400.1.
At the Hanford Site, effluent monitoring includes
(1) collecting samples for analyses, (2) measuring liquid
and airborne effluents to characterize and quantify con-
taminants released to the environment, (3) providing
information to assess the potential impact to the public,

3.1

(4) providing a means to control effluents at or near
the point of discharge, and (5) determining compliance
with applicable standards and permit requirements.

Near-facility environmental monitoring consists of
routine monitoring of environmental media near facili-
ties that have the potential to discharge or have dis-
charged, stored, or disposed of radioactive or hazardous
contaminants. Monitoring locations are generally asso-
ciated with major, nuclear-related installations, waste
storage and disposal units, and remediation efforts.

Additional program sampling and effluent informa-
tion is contained in Hanford Site Near-Facility Environ-
mental Monitoring Data Report for Calendar Year 2001
(PNNL-13910, APP. 2) and in Environmental Releases
for Calendar Year 2001 (HNF-EP-0527-11).



L. P. Diediker and D. J. Rokkan

Liquid and airborne effluents that may contain
radioactive or hazardous constituents are continually
monitored when released to the environment at the
Hanford Site. Facility operators perform the monitor-
ing mainly through analyzing samples collected at points
of release into the environment. Effluent monitoring
data are evaluated to determine the degree of regulatory
compliance for each facility and/or the entire site. The
evaluations are also useful to assess the effectiveness of
effluent treatment and control systems and pollution-
management practices. Major facilities have their own
individual effluent monitoring plans, which are part of
the comprehensive Hanford Site environmental moni-

toring plan (DOE/RL-91-50).

Measuring devices quantify most facility effluent
flows, but some flows are calculated using process infor-
mation. For most radioactive air emission units, which
are primarily ventilated stacks, effluent sampling
methods include continuous sampling or periodic meas-
urements. For most liquid effluent streams, proportional
sampling or grab sampling is used. Liquid and airborne
effluents with a potential to contain radioactive mate-
rials at prescribed threshold levels are measured for total
alpha and total beta concentrations and, as warranted,
specific radionuclides. Non-radioactive constituents and
parameters are either measured directly or sampled and
analyzed.

Tritium, cobalt-60, strontium-90, iodine-129,
cesium-137, plutonium-238, plutonium-239/240,
plutonium-241, and americium-241 were released to the
environment through state and federally permitted

release points. Most of the radionuclides in effluents at
the site are nearing levels indistinguishable from the
low concentrations of radionuclides in the environment
that occur naturally or originated from atmospheric
nuclear-weapons testing. The site mission of environ-
mental cleanup is largely responsible for the downward
trend in radioactive emissions, which results in smaller
radiation doses to the maximally exposed member of the
public. Figures 3.1.1 and 3.1.2 depict quantities of
several longer-lived radionuclides released from the site
over the past 10 years. In 2001, releases of radioactive
and non-radioactive constituents in effluents were less
than applicable dose and release standards, respectively.

Effluent release data are documented in several
reports besides this one, and all are available to the
public. For instance, the U.S. Department of Energy
(DOE) annually submits to the U.S. Environmental
Protection Agency (EPA) and Washington State
Department of Health a report of radioactive airborne
emissions from the site (DOE/RL-2002-20), in compli-
ance with Title 40, Code of Federal Regulations, Part 61
(40 CFR 61) and Washington Administrative Code
(WAC) 246-247. Data quantifying the radioactive
liquid and airborne effluents are reported to DOE
annually in an environmental releases report (HNF-EP-
0527-11). Summaries of monitoring results are
reported annually (HNF-EP-0527-11) for liquid efflu-
ents discharged to the Columbia River (regulated by the
National Pollutant Discharge Elimination System Per-
mit), liquid effluents discharged to the soil (regulated by
WAC 173-216), and for non-radioactive air emissions.

3.1.1 Radioactive Airborne Emissions

Radioactive airborne emissions from Hanford Site
activities contain particulate and volatile forms of radio-
nuclides. Emissions with the potential to exceed 1% of
the 10-mrem/yr standard for offsite doses are monitored
continuously.
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The continuous monitoring of radioactive emissions
involves analyzing samples collected at points of dis-
charge to the environment, usually from a stack or a vent.
Samples are analyzed for total alpha and total beta con-
centration, as well as selected radionuclides. The selec-
tion of the specific radionuclides sampled, analyzed,
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Figure 3.1.1. Liquid Releases of Selected
Radionuclides from the Hanford Site,
1992 through 2001

and reported is based on (1) an evaluation of maximum
potential of unmitigated emissions expected from known
radionuclide inventories in a facility or activity area,
(2) the sampling criteria given in contractor environ-
mental compliance manuals, and (3) the potential each
radionuclide has to contribute to the public dose. Con-
tinuous air monitoring systems with alarms also are used
at selected emission points when a potential exists for
radioactive emissions to exceed normal operating ranges
at levels requiring immediate personnel alert.

Radioactive emission discharge points, which gener-
ally are actively ventilated stacks, are located in the 100,
200, 300, 400, and 600 Areas. The principal sources for

these emissions are summarized below.

e In the 100 Areas, emissions originated via normal
evaporation from two water-filled storage basins
(100-K East and 100-K West Fuel Storage Basins,
which contain irradiated nuclear fuel), the Cold
Vacuum Drying Facility, the 105-KW Integrated
Water Treatment filter backwash system, and a low-
level radiological laboratory. In 2001, five radio-
active emission points were active in the 100 Areas.
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In the 200 Areas, the primary sources of radionu-
clide emissions were the Plutonium Finishing Plant,
T Plant, 222-S laboratory, underground tanks that
were storing high-level radioactive waste, waste
evaporators, and the inactive Plutonium-Uranium
Extraction Plant. In 2001, 49 radioactive emission
points were active in the 200 Areas.

The 300 Area primarily has laboratories and research
facilities. Primary sources of airborne radionuclide
emissions were the 324 Waste Technology Engi-
neering Laboratory, 325 Applied Chemistry Labo-
ratory, 327 Post-Irradiation Laboratory, and
340 Vault and Tanks. In 2001, 22 radioactive emis-
sion discharge points were active in the 300 Area.

The 400 Area has the shutdown Fast Flux Test
Facility, the Maintenance and Storage Facility,
and the Fuels and Materials Examination Facility.
Operations and support activities at the Fast Flux
Test Facility and Maintenance and Storage Facility
released small quantities of radioactive material to
the environment. In 2001, five radioactive emis-
sion points were active in the 400 Area.



e The 600 Area has the Waste Sampling and Char-
acterization Facility, at which low-level radiolog-
ical and chemical analyses of various types of
samples (e.g., particulate air filters, liquid, soil, and
vegetation) are performed. This facility had two

radioactive emission points in 2001, which are con-
sidered as being in the 200-West Area for release
and dose-modeling purposes.

A summary of the Hanford Site radioactive airborne

emissions in 2001 is provided in Table 3.1.1.

3.1.2 Non-Radioactive Airborne Emissions

Non-radioactive air pollutants emitted from power-
generating and chemical processing facilities are moni-
tored when activities at a facility are known to generate
potential pollutants of concern.

In past years, gaseous ammonia has been emitted
from the Plutonium-Uranium Extraction Plant,
242-A evaporator, AP tank farm, and AW tank farm,
all located in the 200-East Area. Ammonia emissions
are tracked only when activities at these facilities are
capable of generating them. In 2001, the 200 Areas

tank farms produced reportable ammonia emissions,
summarized in Table 3.1.2.

Onsite diesel-powered electrical generating plants
emitted particulate matter, sulfur oxides, nitrogen
oxides, volatile organic compounds, carbon monoxide,
and lead. The total annual releases of these constitu-
ents are reported in accordance with the air quality
standards established in WAC 173-400. Power plant
emissions are calculated from the quantities of fossil fuel
consumed, using EPA-approved formulas (AP-42).

Table 3.1.1. Radionuclides Discharged to the Atmosphere at the Hanford Site, 2001

Release, Ci®

1 Ci = 3.7E+10 becquerels.
HT = Elemental tritium; HTO = tritiated water vapor.
NM = Not measured.

dose calculations.

240 for dose calculations.

Radionuclide Half-Life 100 Areas 200-East Area 200-West Area 300 Area 400 Area
Tritium (as HT)®™ 123 yr NM®© NM NM 8.9E+01 NM
Tritium (as HTO)® 12.3 yr NM NM NM 2.4E+02 3.1E-01
Cobalt-60 53 yr 3.0E-08 ND ND ND NM
Strontium-90 29.1yr 9.0E-06 1.2E-04 1.4E-04 2.8E-05© NM
Technetium-99 213,000 yr NM NM NM ND NM
Antimony-125 2.7 yr ND ND ND ND NM
lodine-129 16,000,000 yr NM 8.4E-04 NM NM NM
Cesium-137 30 yr 2.1E-05 1.2E-04 5.5E-05 3.7E-06 7.5E-06
Uranium-234 240,000 yr NM NM NM 1.5E-10 NM
Uranium-238 4,500,000,000 yr NM NM NM 3.3E-11 NM
Plutonium-238 87.7 yr 1.5E-07 4.4E-08 4.5E-06 7.7E-09 NM
Plutonium-239/240 24,000 yr 1.2E-06 2.1E-06® 2.6E-04® 1.9E-07% 6.9E-07®
Plutonium-241 14.4 yr 1.2E-05 3.1E-06 1.4E-04 NM NM
Americium-241 432 yr 9.5E-07 2.6E-06 4.2E-05 2.5E-08 NM
Americium-243 7,380 yr NM NM NM ND NM

ND = Not detected (i.e., either the radionuclide was not detected in any sample during the year or the average of all the
measurements for that given radionuclide or type of radioactivity made during the year was below background levels).
This value includes gross beta release data. Gross beta and unspecified beta results were assumed to be strontium-90 in

This value includes gross beta release data. Gross beta results were assumed to be cesium-137 in dose calculations.
This value includes gross alpha release data. Gross alpha and unspecified alpha results were assumed to be plutonium-239/
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Should activities result in chem-

Table 3.1.2. Non-Radioactive Constituents Discharged to
the Atmosphere at the Hanford Site, 2001

ical emissions in excess of quantities
reportable under the Comprehensive

Environmental Response, Compensa-

17,000 (37,478)

Carbon monoxide

Lead 0.47 (1.0)
Volatile organic compounds®" 5,800 (12,787)
Ammonia‘® 12,000 (26,455)

2,600 (5,732)

Other toxic air pollutants®

certain laboratory operations.

Facility.
(d) NE = No emissions.

11,000 (24,251)

(a) The estimate of volatile organic compounds does not include emissions from

(b) Produced from burning fossil fuel for steam and electrical generators,
calculated estimates from the 200-East and 200-West Areas tank farms, and
operation of the 242-A evaporator and the Effluent Treatment Facility.

(c) Releases are calculated estimates from the 200-East and 200-West Areas tank
farms and operation of the 242-A evaporator and the Effluent Treatment

Release, kg tion, and Liability Act of 1980

Constituent 200 Areas 300 Area .(CERC.LA)’ the release totals are

E = I immediately reported to EPA. If the
Particulate matter 790 (1,742) 610 (1,345) emissions remain stable at predicted
Nitrogen oxides 25000 (55,115) 4500  (9,921) levels, they may be reported annually
Sulfur oxides 2700 (5.952) 35 17) with EPA’s permission. Table 3.1.2

summarizes the emissions of non-
radioactive constituents in 2001

Ogg 1543 (Note: the 100, 400, and 600 Areas
N7E(d> (154) have no non-radioactive emission

sources of regulatory concern).
NE Table 3.1.2 also includes emission
estimates from the carbon tetra-
chloride vapor extraction work in
the 200-West Area. These emissions
are accounted for in the table cate-
gory of “other toxic air pollutants”
and do not require reporting because
they are below the respective report-
able quantity.

3.1.3 Radioactive Liquid Effluents

Liquid effluents are discharged from facilities in all
areas of the Hanford Site. Effluents that normally or
potentially contain radionuclides include cooling water,
steam condensate, process condensate, and wastewater
from laboratories and chemical sewers. These waste-
water streams are sampled and analyzed for total alpha
and total beta, as well as selected radionuclides.

In 2001, only facilities in the 200 Areas discharged
radioactive liquid effluents to the ground, which went to
a single location, the 616-A crib, also known as the

Table 3.1.3. Radionuclides in Liquid Effluents
from the 200 Areas Discharged to the State-
Approved Land Disposal Site, 2001

Radionuclide Half-Life Release, Ci®

Tritium 12.3 yr 0.079

(a) 1Ci=3.7x10" becquerels.
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State-Approved Land Disposal Site. A summary of
radioactive liquid effluents is provided in Table 3.1.3.
Table 3.1.4 summarizes data on radionuclides in liquid
effluents released from the 100 Areas to the Columbia
River, the sources of which include secondary cooling
water used at the 100-K Fuel Storage Basins and shore-
line seepage of groundwater that has passed near the
retired 1301-N and 1325-N cribs in the 100-N Area.
These measured values are used to determine potential
radiation doses to the public via the liquid pathway.

Table 3.1.4. Radionuclides in Liquid Effluents
from the 100 Areas Discharged to the
Columbia River, 2001

Radionuclide Half-Life Release, Ci®
Tritium 123 yr 0.11
Strontium-90 29.1yr 0.21
Plutonium-239/240 24,000 yr 0.000039
Americium-241 432 yr 0.00001

(a) 1Ci=3.7x10" becquerels.
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3.1.4 Non-Radioactive Hazardous Materials in Liquid

Effluents

Non-radioactive hazardous materials in liquid efflu-
ents are monitored in the 100, 200, 300, and 400 Areas.
These effluents are discharged to the State-Approved
Land Disposal Site and to the Columbia River. Effluents
entering the environment at designated discharge points
are sampled and analyzed to determine compliance with
the National Pollutant Discharge Elimination System
permits and the state waste discharge permits for the site
(40 CFR 122 and WAC 173-216). Should chemicals in

liquid effluents exceed quantities reportable under

CERCLA, the release totals are immediately reported to
the EPA. With EPA’s permission, if emissions remain
stable at predicted levels, they may be reported annually.
A synopsis of the permitted National Pollutant Dis-
charge Elimination System and state waste discharge
activities in 2001 is given in Section 2.2.8.

Liquid waste containing both radioactive and haz-
ardous constituents is stored at the 200 Areas in under-
ground waste storage tanks or interim storage facilities.

3.1.5 CERCLA and Washington Administrative Code

Releases to the Environment

Releases that are reportable to the state and/or EPA
include spills or discharges of hazardous substances or
dangerous wastes to the environment, other than releases
permitted under state or federal law. Accidents and
equipment failures cause the majority of these releases.
Releases of hazardous substances that are continuous and
stable in quantity and rate, but that exceed specified
limits, must be reported as required by Section 103(f)(2)
of CERCLA.

Spills or non-permitted discharges of dangerous
wastes or hazardous substances to the environment are

3.7

required to be reported (WAC 173-303-145). This
requirement applies to spills or discharges onto the
ground, into the groundwater, into the surface water
(i.e., Columbia River), or into the air such that human
health or the environment is threatened, regardless of
the quantity of dangerous waste or hazardous substance.

In accordance with both CERCLA and Wash-
ington Administrative Code reporting requirements
(WAC 173-303-145), three releases were reported in
2001. Table 3.1.5 contains a synopsis of those releases.

Facility Effluent Monitoring




Table 3.1.5. Reportable Releases to the Environment at the Hanford Site, 2001® I

Material Quantity
Radioactive air Small amount (potential only; no

actual release to environment)

Carbon disulfide 1.2 kg (2.6 Ib)

Low-level 7.68 L (2 gal); 160 pCi/L (5.9 Bq/L)
radioactive liquid alpha and 290 pCi/L (10.7 Bq/L) beta
Polychlorinated ~37.9 L (10 gal) of oil matrix; at
biphenyls least 1.18 kg (2.6 Ib) of oil

(Aroclors 1248 and

1254)

(a) Asrequired by WAC 173-303-145.

Description

While a velocity probe was being withdrawn from the
291-Z-1 stack, the stack sampling system was inadvertently
bumped, which dislodged material within the sampling line
that caused the constant air monitor to annunciate. It was
later determined that no uncontrolled elevated emission
from the stack occurred, but nonetheless an initial notifi-
cation was made to the Washington State Department of

Health.

Liquid carbon disulfide was released to the inside of a card-
board storage box being delivered to the 1163 Building (the
Central Storage Building in the former 1100 Area). The
liquid leaked through the container to the concrete floor
underneath. Several employees inhaled the vapors from the
leaked chemical. They were sent to the Hanford Environ-
mental Health Foundation for precautionary evaluation.
The Washington State Department of Ecology was notified
of the incident because of the “threat to human health.”
This is a highly volatile material that may be fatal if
inhaled, swallowed, or absorbed through the skin.

Leachate from the Effluent Retention Disposal Facility
leaked to the immediate soil column after a relief valve
failed in a pipeline. This type of relief valve is located in
manholes with soil bottoms. The leachate was released
into three separate manholes.

On May 10, 2001, during excavation work at the 600-23
burial ground (Operable Unit 100-1U-6), a tank was
unearthed that began leaking polychlorinated biphenyl-
contaminated oil to the underlying soil in an amount that
exceeded the CERCLA reportable quantity amount of

454 g (1 1b). The affected soil was cleaned up and disposed
of properly.

CERCLA = Comprehensive Environmental Response, Compensation, and Liability Act of 1980.
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3.2 Near-Facility

Environmental Monitoring

C.]J. Perkins, B. M. Markes, S. M. McKinney, and R. M. Mitchell

Near-facility environmental monitoring is defined
as routine monitoring near facilities that have the
potential to discharge, or have discharged, stored, or
disposed of radioactive or hazardous contaminants.
Monitoring locations are associated with nuclear facili-
ties such as the Plutonium Finishing Plant, Canister
Storage Building, and the 100-K Fuel Storage Basins;
inactive nuclear facilities such as N Reactor and the
Plutonium-Uranium Extraction Plant; and active and
inactive waste storage or disposal facilities such as burial
grounds, cribs, ditches, ponds, underground waste
storage tanks, and trenches.

Much of the monitoring program consists of collect-
ing and analyzing environmental samples and conducting
radiological surveys in areas near facilities. The program
also is designed to evaluate and report analytical data,
determine the effectiveness of facility effluent monitor-
ing and controls, measure the adequacy of containment at
waste disposal sites, and detect and monitor unusual
conditions. The program implements applicable portions
of DOE Orders 435.1, 5400.1, 5400.5, and 5484.1;
10 CFR 835 and 40 CFR 61; and WAC 246-247.

Near Hanford Site facilities, several types of envi-
ronmental media are sampled, and various radiological

and non-radiological measurements are taken. These
sample types and measurements include air, spring water,
surface contamination, soil, vegetation, and external
radiation. Samples are collected from known or expected
effluent pathways. These pathways are generally down-
wind of potential or actual airborne releases and
downgradient of liquid discharges.

Active and inactive waste disposal sites and the
terrain surrounding them are surveyed to detect and
characterize radioactive surface contamination.
Routine radiological survey locations include former
waste disposal cribs and trenches, retention basin perim-
eters, ditch banks, solid waste disposal sites (e.g., burial
grounds), unplanned release sites, tank farm perimeters,
stabilized waste disposal sites, roads, and firebreaks in
and around the site operational areas.

Sampling and analysis information and analytical
results for 2001 are summarized in the following sections.
Additional data may be found in Hanford Site Near-
Facility Environmental Monitoring Data Report for
Calendar Year 2001 (PNNL-13910, APP. 2). Near-
facility monitoring in 2001 is summarized in Table 3.2.1,
which indicates the type, quantity, and general location
of samples collected.

3.2.1 Air Monitoring

In 2001, routine monitoring for radioactivity in air
near Hanford Site facilities used a network of continu-
ously operating samplers at 76 locations (Table 3.2.2)
(sampling locations illustrated in PNNL-13910, APP. 2).
Air samplers were located primarily at or within
~500 meters (~1,500 feet) of sites and/or facilities having
the potential for, or history of, environmental releases
and were predominantly located in the prevailing down-
wind direction. To avoid duplication of sampling, air data
for the 300 and 400 Areas, some onsite remediation
projects, and some offsite distant locations were obtained
from Pacific Northwest National Laboratory.
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Samples were collected according to a schedule
established before the 2001 monitoring year. Airborne
particles were sampled at each sampling location by
drawing air through a glass-fiber filter. The filters were
collected biweekly, field surveyed for gross radioactivity,
held for at least 7 days, and then analyzed for gross alpha
and beta activity. The 7-day holding period was necessary
to allow for the decay of naturally occurring, short-lived
radionuclides that would otherwise obscure detection of
longer-lived radionuclides associated with emissions from
nuclear facilities. The gross radioactivity measurements
were used to indicate changes in trends in the near-facility
environment.



Table 3.2.1. Near-Facility Routine Environmental Monitoring Samples and Locations, 2001

Operational Area

Number

of Sample 200/ 300/
Sample Type Locations 100-B/C 100-D/DR 100-K 100-F 100-H 100-N ERDF® 600 400
Air 76 3 3 8 6 6 5 3 410 1
Water 10 0 0 0 0 0 10 0 0 0
Soil 92 1 0 0 2 2 11 1 57 18
Vegetation 75 0 0 0 0 0 9 0 49 17
External radiation 133 5 0 15¢ 5 3 14 3 679 21

Environmental Restoration Disposal Facility in the 200-West Area.

Includes 1 station at the Wye Barricade, 19 in the 200-East Area, and 21 in the 200-West Area.
Includes 11 locations in the 100-KE/KW Areas and 4 at the Cold Vacuum Drying Facility.
Includes 66 locations in the 200 Areas and 1 location at the 212-R facility in the 200-North Area.

For most specific radionuclide analyses, the amount
of radioactive material collected on a single filter during
a 2-week period was too small to be measured accurately.
To increase the accuracy of the analysis, the samples
were combined into either quarterly or semiannual
composite samples for each location.

Figure 3.2.1 shows the average concentrations of
selected radionuclides in the 100 and 200/600 Areas
compared to DOE derived concentration guides and air
concentrations measured in distant communities. The
DOE derived concentration guides (DOE Order 5400.5)
are reference values that are used as indexes of perfor-
mance. The data indicate a large degree of variability.
Air samples collected from areas located at or directly
adjacent to Hanford Site facilities had higher concentra-
tions than did those samples collected farther away. In
general, analytical results for most radionuclides were at
or near Hanford Site background levels, which is much
less than DOE derived concentration guides but greater
than those measured off the site. The data also show
that concentrations of certain radionuclides were higher
within different operational areas. Table 3.2.3 shows the
annual average and maximum concentrations of radio-
nuclides in near-facility air samples during 2001. A
complete listing of the 2001 near-facility ambient air
monitoring results can be found in PNNL-13910, APP. 2.
Results for selected Pacific Northwest National Labora-
tory air samples are also reported in PNNL-13910, APP. 2,

as well as in Section 4.1.

The 2001 analytical results for the remedial action
projects at the 100-B/C, 100-H, and 100-F Areas gener-
ally indicated that for most radionuclides, concentra-
tions were greater than levels measured off the site,
though well within historical ranges.

At the 100-B/C Area, ambient air monitoring was
re-established in February 2001 at three locations. These
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locations were the same ones used in 1999 when cleanup
activities were temporarily halted. The radionuclides
uranium-234 and -238 were consistently detected.
Strontium-90 and uranium-235 were detected occasion-
ally in 2001.

Remedial action activities for fiscal year 2001 were
completed at the 100-H site, and air monitoring ended
in March 2001. Uranium-234 and plutonium-239/240
were detected in two of the four composite samples ana-
lyzed in 2001.

At the 100-F remedial action site, ambient air moni-
toring continued at four locations in 2001. Uranium-234
and -238 were detected consistently; strontium-90,
uranium-235, and plutonium-239/240 were detected
occasionally.

In 2001, two samplers operated at each of the
105-DR and 105-F interim safe storage projects. The
quarterly analytical results from these air samples were
generally similar to the results seen over the past 3 years.

Air monitoring at the 105-H and 105-D interim
safe storage projects began in November 2000 and, at
the request of project management, the air sampler at
105-D was operated only while actual decontamination
and decommissioning work was being done (i.e., one
work shift on weekdays). For this location, sample vol-
umes were significantly lower than for all other near-
facility air samplers. The overall effect of reduced sample
volumes was radionuclide concentrations that appeared
to be higher than those measured at the other site sam-
plers. Air sample concentrations are mathematically
calculated by dividing the concentration (picocuries)
measured in the laboratory by the sample volume (cubic
meters of air that passed through the filter). Environ-
mental air sample concentrations are typically very low
(at or near background levels) and when divided by a
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Table 3.2.2. Near-Facility Air Sampling Locations and Analyses, 2001 I
Number of Analyses
Site Samplers EDP Code® Biweekly Composite
100-B/C remedial action 3 N464, N465, N466 Gross alpha, GEA,® Sr-90, Pu-iso,
project gross beta U-iso@
105-D interim safe storage 1 N523 Gross alpha, GEA, Sr-90, Pu-iso,
project gross beta U-iso
105-DR interim safe storage 2 N492, N493 Gross alpha, GEA, Sr-90, Pu-iso,
project gross beta U-iso
105-F interim safe storage 2 N494, N495 Gross alpha, GEA, Sr-90, Pu-iso,
project gross beta U-iso
105-F remedial action 4 N519, N520, N521, N522 Gross alpha, GEA, Sr-90, Pu-iso,
project gross beta U-iso
105-H interim safe storage 2 N524, N525 Gross alpha, GEA, Sr-90, Pu-iso,
project gross beta U-iso
100-H remedial action 4 N507, N508, N509, N510 Gross alpha, GEA, Sr-90, Pu-iso,
project gross beta U-iso
100-K spent nuclear fuels 8 N401, N402, N403, N404, Gross alpha, GEA, Sr-90, Pu-iso,
N476, N477, N478, N479 gross beta U-iso, Pu-241, Am-241
100-NR-1 remedial action 5 N102,N103, N105, N106, Gross alpha, GEA, Sr-90, Pu-iso,
and 100-N surveillance, N526 gross beta U-iso
maintenance/transition
projects
200-East Area 17 NO019, N158, N498, N499, Gross alpha, GEA, Sr-90, Pu-iso,
NO957, N967, N968, N969, gross beta U-iso
N970, N972, N973, N976,
NO77, N978, N984, N985,
N999
Canister Storage Building, 2 N480, N481 Gross alpha, GEA, Sr-90, Pu-iso,
200-East Area gross beta U-iso, Pu-241, Am-241
200-West Area 21 N155,N161, N165, N168, Gross alpha, GEA, Sr-90, Pu-iso,
N200, N304, N433, N441, gross beta U-iso
N442, N449, N456, N457,
N956, N963, N964, N965,
N966, N974, N975, N987,
N994
300 Area 1 N130 Gross alpha, GEA, Sr-90, Pu-iso,
gross beta U-iso
Environmental Restoration 3 N482,N517,N518 Gross alpha, GEA, Sr-90, Pu-iso,
Disposal Facility gross beta U-iso
600 Area 1 NO981 Gross alpha, GEA, Sr-90, Pu-iso,
gross beta U-iso
(a) EDP Code = Sampler location code. See PNNL-13910, APP. 2.
(b) GEA = Gamma energy analysis.
(c) Isotopic plutonium-238 and -239/240.
(d) Isotopic uranium-234, -235, and -238.
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Figure 3.2.1. Average Concentrations of Selected Radionuclides in Near-Facility Air Samples Compared
to Those in Distant Communities, 1996 through 2001. Radionuclide concentrations below analytical
detection limits are not shown. As a result of figure scale, some uncertainties (error bars) are

concealed by the point symbol. Error bars are +2 standard deviations except for uranium
values which are +2 standard error of the mean.
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Table 3.2.3. Annual Average and Maximum Concentrations (aCi/m?)* of Radionuclides
in Near-Facility Air Samples, 2001
Cobalt-60 Uranium-234
Site Average® Maximum®  EDP Code® Site Average® Maximum®  EDP Code®
100-B/CRA© -17 £ 150 52+ 176 N466 100-B/C RA® 12+ 4.6 15+ 8.9 N465
100-F RA -3.8 £ 69 31+92 N519 100-F RA 16+ 11 26+ 13 N522
100-H RA 45 + 150 180 £ 190 N508 100-H RA 8.7+ 12 14+ 11 N508
105-DR/F/D/H 105-DR/F/D/H
[SS® 30 + 180 210+ 120 N524 1SS® 20+ 12 35+ 20 N493
100-K 45+ 173 65+ 74 N479 100-K 10+ 9.8 26+ 12 N403
100-N® 1,600 £ 2,200 2,900 £ 830 N105 100-N@® 13+£6.2 19+99 N106
200-East 93+ 71 100 + 88 N985 200-East 13+11 271+ 12 N969
200-West 1.1 £ 80 120 £ 99 N165 200-West 15+ 10 25+ 13 NO956
300 Area 6.2 45 22 + 65 N130 300 Area 12+ 19 13+ 7.6 N130
ERDF®™ 290 + 10 300 £ 140 N482 ERDF®™ 18+ 5.2 23+ 11 N517
Distant Distant
community® 20 £ 700 450 + 120 community®? 13+ 13 27+ 11
DCGY 80,000,000 DCG® 90,000
Strontium-90 Uranium-235
Site Average® Maximum®  EDP Code® Site Average® Maximum®©  EDP Code®
100-B/C RA® 140 £ 100 140 £ 100 N466 100-B/C RA® 74+22 8.5+ 6.5 N465
100-F RA 190 + 88 250 + 130 N519 100-F RA 4.6 £ 0.19 4.7+ 4.2 N520
100-H RA 25 + 80 280 + 230 N507 100-HRA 6.6+ 13 12+ 13 N509
105-DR/F/D/H 105-DR/F/D/H
ISS® 460 £ 880 1,900 + 950 N523 1SS® 9.1 +4.0 13+9.6 N492
100-K 170 £ 110 270 = 130 N479 100-K 1.9+ 2.7 43+53 N478
100-N® 230 + 120 290 + 140 N102 100-N® 52+24 6.4+53 N102
200-East 160 £ 98 300 + 130 N480 200-East 58+ 2.4 7.8+ 5.3 N984
200-West 160 £ 110 270 + 120 N161 200-West 4.8+ 2.6 9.0+ 73 N168
300 Area 32 £ 150 85 + 84 N130 300 Area 2.6+ 2.7 3.5+43 N130
ERDF® 220+ 110 280 + 120 N517 ERDF®™ 3.1+49 63%5.6 N482
Distant Distant
community® 229 + 63 14 + 56 community? 0.30 £ 0.40 0.67+ 29
DCGY 9,000,000 DCG%W 100,000
Cesium-137 Uranium-238
Site Average® Maximum®  EDP Code® Site Average® Maximum®  EDP Code®
100-B/C RA® 18 + 120 57+ 110 N464 100-B/C RA© 12+ 4.4 14 + 8.5 N466
100-FRA 5345 46 £ 76 N519 100-F RA 12+ 13 26+ 12 N522
100-H RA -41 + 300 87 + 190 N509 100-H RA 1.9+38 9.6 £9.3 N508
105-DR/F/D/H 105-DR/F/D/H
ISS® 37+ 190 350 £ 780 N523 ISS® 18 £ 17 43 + 21 N493
100-K 48 + 100 160 = 150 N476 100-K 10+ 10 26+ 12 N403
100-N® 520 + 360 740 £ 270 N105 100-N® 79+3.2 11+ 6.8 N103
200-East 230+ 110 340 + 190 N984 200-East 12 +8.2 21+ 11 N984
200-West 260 + 280 570 £ 240 N155 200-West 13+£9.6 25+ 12 N457
300 Area -55+ 78 22 + 61 N130 300 Area 11+£9.0 16 £ 8.6 N130
ERDF®™ 150 + 36 160 £ 130 N482 ERDF®™ 13+£9.6 20+ 10 N517
Distant Distant
community? 100 + 420 400 + 510 community® 14+ 11 24 £ 10
DCGY 400,000,000 DCGY 100,000
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Table 3.2.3. (contd) I

Plutonium-238

Site Average® Maximum®  EDP Code®
100-B/C RA® 80.+ 10 13+11 N464
100-F RA 33+12 16 + 14 N520
100-H RA -0.59 + 12 30+ 27 N507
105-DR/F/D/H

ISS® 17+ 22 28 + 21 N493
100-K -0.094 = 19 14 + 21 N401
100-N® 27+ 15 18+ 16 N105
200-East 24+ 11 19+ 23 N480
200-West 2.7+ 11 16 + 11 N457
300 Area 26+ 1.6 3.1+87 N130
ERDF®™ 27+ 11 93+ 11 N518
Distant

community®”  -0.53 + 0.69 0.15+ 1.8
DCGW 30,000

Plutonium-239/240

Site Average® Maximum®  EDP Code®
100-B/C RA® 1.8+ 2.0 3.0+ 45 N464
100-F RA 99+128 11+ 6.8 N521
100-H RA 18 £ 160 42+ 23 N507
105-DR/F/D/H

ISS® 35+ 76 130 + 62 N523
100-K 26 £ 26 48 £ 24 N403
100-N@® 28 + 32 50+ 18 N105
200-East 8.5+ 9.0 19+9.4 N968
200-West 27+ 82 180 + 61 N449
300 Area 0.055 + 2.1 0.79 £ 0.82 N130
ERDEF®™ 81 + 320 430 £ 130 N482
Distant

community® 0.19 £ 1.6 1.6 + 2.1
DCGY 20,000

(b) +2 standard deviations.

(c) % total analytical uncertainty.

(d) See PNNL-13910, APP. 2.

(e) RA =Remedial Action project.

(f) ISS = Interim Safe Storage project.

(h) ERDF = Environmental Restoration Disposal Facility.
(i) See Section 4.1.
(j)  DOE Derived Concentration Guide.

(a) To convert to international metric system units, multiply aCi/m’ by 0.000000037 to obtain Bg/m’.

(g) Includes 100-NR-1 remedial action project and 100-N surveillance and maintenance/transition project.

Plutonium-241

Site Average® Maximum®  EDP Code®
100-K -30 + 690 530 + 190 N478
200-East -340 £ 650 -49 = 50 N480
Distant

community® Not reported
DCGY 1,000,000

Americium-241

Site Average® Maximum®  EDP Code®
100-K 55+ 11 15+ 10 N476
200-East 32+29 4.7+9.0 N480
Distant

community® Not reported
DCGW 20,000

small sample volume, the resulting concentration will
appear to be higher than the calculated concentration
obtained from an air sample with a higher (normal)
sample volume.

The airborne contaminant levels in the 100-K Area
were similar to those measured over the previous years.
Facility emissions in the 100-K Area decreased substan-
tially in 1996 and subsequent radionuclide concentra-
tions in the ambient air samples have been near detection
limits. Strontium-90 and uranium-234 and -238 were
detected consistently. Occasionally, plutonium-239/240
and americium-241 were detected also.
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Analytical results for ambient air samples from the
100-NR-1 remedial action and 100-N surveillance and
maintenance/transition projects in 2001 were similar to
those measured in previous years. A fifth air sampling
location was added in August 2001 at the 100-NR-1
project to monitor ambient air near remedial action
activities at the 116-N-3 treatment, storage, and dis-
posal unit. Strontium-90, uranium-234 and -238, and
plutonium-239/240 were detected consistently. Occa-
sionally detected were cobalt-60, cesium-137,
uranium-238, and plutonium-238. Cobalt-60 was
detected at only one of the five 100-N Area air sampling
locations in 2001. The concentrations of cobalt-60 at



this location were considerably higher than at any other
near-facility air sampling location at Hanford in 2001.
The sampling location was near the retired 1325-N
Liquid Waste Disposal Facility (116-N-3 treatment, stor-
age, and disposal facility), which was being excavated to
remove contaminated soil throughout 2001.

In 2001, radionuclide levels measured in the 200-East
Area were generally similar to those measured over the
previous years. Strontium-90, uranium-234 and -238, and
plutonium-239/240 were detected consistently. Occa-
sionally, cesium-137 and uranium-235 were detected.

Radionuclide levels measured in the 200-West Area
were similar to results for previous years. Uranium-234
and -238 and plutonium-239/240 were detected consis-
tently. Strontium-90, cesium-137, and uranium-235 were
occasionally detected.

The air sampling network at the Environmental
Restoration Disposal Facility (200-West Area) used
two existing Hanford Site samplers for upwind moni-
toring (one near-facility sampler, “N-963;” one Pacific
Northwest National Laboratory sampler, station #13
“200 W SE” [see Section 4.1]) and three air samplers
at the facility that provided downwind coverage. The
2001 analytical results indicated that strontium-90,
uranium-234, -235, and -238, and plutonium-239/240
levels were slightly higher than 2000 levels. Consistently
detected were uranium-234 and -238 and plutonium-
239/240. Cobalt-60, cesium-137, and strontium-90 were
occasionally detected.

The remedial action, interim safe storage, and sur-
veillance and maintenance/transition projects discussed
above are described in more detail in Section 2.3.10.

3.2.2 Spring Water Monitoring

In the past, radioactive effluent streams were sent
to the 1301-N and 1325-N Liquid Waste Disposal
Facilities in the 100-N Area. After moving through the
soil column to the water table, this waste migrated with
the groundwater and contributed to the release of radio-
nuclides to the Columbia River. Radionuclides from
these facilities enter the Columbia River along the
riverbank region sometimes called N Springs. Ground-
water springs and/or shoreline seepage wells at the
N Springs are sampled annually to verify that the reported
radionuclide releases to the Columbia River are conserva-
tive (i.e., not underreported). The amount of radionu-
clides entering the Columbia River at these springs (i.e.,
release) is calculated based on analyses of monthly sam-
ples collected from monitoring well 199-N-46 located
near the shoreline. Analytical results and discussion of
these releases may be found in Section 3.1 and in
HNF-EP-0527-11. A groundwater pump-and-treat
system designed to reduce the discharge of strontium-90
to the Columbia River in the 100-N Area was put into
operation in 1995 and continued to operate in 2001.

Additional discussion about this system and its effects
may be found in Section 6.2.

In October 2001, samples were collected from ten
100-N Area shoreline wells. The samples were collected
using a bailer carefully lowered into the water column of
each well to avoid sediment suspension, and a 4-liter
(1-gallon) sample was obtained. Analyses of these
samples detected tritium, strontium-90, and gamma-
emitting radionuclides.

In 2001, the levels of strontium-90 detected in sam-
ples from riverbank springs were highest in N Springs
wells Y302 and Y303, which are nearest well 199-N-46.
None of the concentrations exceeded the DOE derived
concentration guide value. Tritium and gamma-
emitting radionuclide concentrations were below ana-
lytical detection limits in 2001. Tritium and
strontium-90 data from 2001 riverbank springs sampling
are summarized in Table 3.2.4.

3.2.3 Radiological Surveys of Surface Contamination

Radiological surveys are used to monitor and detect
contamination on the Hanford Site. The main types of
contaminated areas are underground radioactive mate-
rials areas, contamination areas, soil contamination
areas, and high contamination areas.

Underground radioactive materials areas are areas
that have contamination contained below the soil
surface. These areas are typically stabilized cribs, burial
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grounds, covered ponds, trenches, and ditches. Barriers
over the contamination sources are used to inhibit radio-
nuclide transport to the surface environs. These areas
are surveyed at least annually to document the current
radiological status.

Contamination/soil contamination areas may or
may not be associated with an underground structure
containing radioactive material. A breach in the surface

Near-Facility Environmental Monitoring




100-N Area Riverbank Springs, 2001

Table 3.2.4. Radionuclide Concentrations (pCi/L) in

active facilities. It was estimated that
the external dose rate at 80% of the
outdoor contaminated areas was less

Facility Effluent

Monitoring Well Shoreline Springs

Radionuclide 199-N-46® Maximum® Average®©
Tritium 5,000 + 500 Not detected
Strontium-90 9,700 + 2,200 45+ 7 13+ 10

(a)

(b)
(c)
(d)

Bq/L.

* total analytical uncertainty.

+2 standard deviations.

DCG = DOE derived concentration guide (DOE Order 5400.5).

To convert to international metric system units, multiply pCi/L by 0.037 to obtain

than 1 mrem/h (0.01 mSv/h), though
direct dose rate readings from isolated
radioactive specks could have been

DCG®@
higher. Table 3.2.5 lists the contami-
2,000,000 &
’ I:OOO nated areas and underground radio-

active materials areas. Vehicles
equipped with radiation detection
devices and a global positioning sys-
tem were again used in 2001 to more
accurately measure the extent of the

contamination. Area measurements

barrier of a contaminated underground area may result in
the growth of contaminated vegetation. Insects or ani-
mals may burrow into the soil and bring contamination to
the surface. Vent pipes or risers from an underground
structure may be a source of speck contamination (par-
ticles with a diameter less than 0.6 centimeter
[0.25 inch]). Areas of contamination not related to sub-
surface structures can include sites contaminated with
fallout from effluent stacks and sites that are the result of
unplanned releases (e.g., contaminated tumbleweeds,
animal feces). All contaminated areas may be susceptible
to contamination migration and are surveyed at least
annually to document the current radiological status
(locations of contaminated areas are illustrated in

PNNL-13910, APP. 2).

Atthe end of 2001, the Hanford Site had ~3,638 hec-
tares (~8,990 acres) of posted outdoor contamination
areas (all types) and 668 hectares (1,650 acres) of posted
underground radioactive materials areas not including

are entered into the Hanford Geo-
graphical Information System, a computer database
maintained by Bechtel Hanford, Inc.

The number and size of contaminated areas vary
from year to year for several reasons: stabilization of areas
of known contamination, discovery of new areas of con-
tamination, and/or ongoing improvement of the geo-
graphical measurements of contaminated areas.

Table 3.2.6 summarizes the effects of these efforts during
2001.

Stabilization activities in 2001 resulted in the
re-classification of ~14 hectares (~34 acres) from
contamination/soil contamination areas to underground
radioactive materials areas in the 100 and 200 Areas.

Though small areas of contamination were newly
identified in 2001, no individual large areas were found.
During 2001, ~18 hectares (~44 acres) across the site
were either newly discovered contamination/soil con-
tamination areas or had their boundaries re-defined.

3.2.4 Soil and Vegetation Monitoring

Soil and vegetation samples were collected on, or
adjacent to, waste disposal sites and from locations
downwind and near or within the boundaries of oper-
ating facilities and remedial action sites. Samples were
collected to evaluate long-term trends in environmental
accumulation of radioactivity and to detect potential
migration and deposition of facility effluents. Special
samples also were collected where potential physical or
biological pathway problems were identified. Contami-
nant movement can occur as the result of resuspension
from radioactively contaminated surface areas, absorp-
tion of radionuclides by the roots of vegetation growing
on or near underground and surface-water disposal units,
or animal activities at the waste site. The sampling
methods and locations used are discussed in detail in
DFSNW-OEM-001. Radiological analyses of soil and
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vegetation samples included strontium-90, isotopic
uranium, isotopic plutonium, and gamma-emitting
radionuclides.

The number and location of soil and vegetation
samples collected in 2001 are summarized in Table 3.2.1.
A comprehensive presentation of the analytical data
can be found in PNNL-13910, APP. 2. Only those
radionuclide concentrations above analytical detection
limits are discussed in this section.

Each 1-kilogram (2.2-pound) soil sample repre-
sented a composite of five plugs of soil, each 2.5 centi-
meters (1 inch) deep and 10 centimeters (4 inches) in
diameter collected from each site. Each vegetation sam-
ple (~500 grams [~16.1 ounces]) consists of new-growth



leaf cuttings taken from the available species of
interest at a sample location. Often, the vegetation
sample consisted of a composite of several like members
of the sampling site plant community to avoid decima-
tion of any individual plant through overharvesting.

In the spring through early summer of each year, soil
and vegetation samples are collected on the Hanford Site
and submitted for radioanalyses. The analyses include
those for radionuclides expected to be found in the areas
sampled (i.e., gamma-emitting radionuclides, strontium
isotopes, uranium isotopes, and/or plutonium isotopes).
The results are then compared to levels found at various
offsite sampling locations in Yakima, Benton, and Frank-
lin Counties (see Section 4.6). Comparison of the levels
can be used to determine the difference between contri-
butions from site operations and remedial action sites
and contributions from natural sources and worldwide
fallout.

Soil sampling results also are compared to the
“accessible soil” concentrations (WHC-SD-EN-TI-070)
developed specifically for use at the Hanford Site (see
PNNL-13910, APP. 2 for complete listing). These radio-
active concentration values were established to assure
that effective dose equivalents to the public do not
exceed the established limits for any reasonable scenario,
such as direct exposure, inadvertent ingestion, inhala-
tion, and ingestion of food crops, including animal prod-
ucts. The accessible soil concentration values are based
on a radiation dose estimate scenario where an individ-
ual would have to spend 100 hours per year in direct
contact with the contaminated soil. The conservatism
inherent in pathway modeling assures that the required
degrees of protection are in place (WHC-SD-EN-TI-
070). These concentrations apply specifically to the
Hanford Site with respect to onsite disposal operations,
stabilization, cleanup, and decontamination and decom-
missioning operations.

Some degree of variability is always associated with
the collection and analysis of environmental samples.
Therefore, minor variations in concentrations from
year to year are expected. In general, radionuclide con-
centrations in soil and vegetation samples collected
from, or adjacent to, waste disposal facilities were higher
than the concentrations in samples collected farther
away and were significantly higher than concentrations
measured offsite. The data also show, as expected, that
concentrations of certain radionuclides were higher
within different operational areas when compared to
concentrations measured in distant communities. Gen-
erally, the predominant radionuclides were activation
and fission products in the 100-N Area, fission products

in the 200 Areas, and uranium in the 300/400 Areas.

Table 3.2.5. Outdoor Contamination Status, 2001 I

Area Areas,® ha (acres) Areas,® ha (acres)
100-B/C 0 (0) 39 (96)
100-D/DR 0 (0) 39 (96)
100-F 0 (0) 34 (84)
100-H 0 (0) 14 (35)
100-K 9 (22) 62 (153)
100-N 29 (72) 12 (30)
200-East® 67 (166) 143 (353)
200-West© 36 (89) 225 (556)
300 19 (47) 45 (111)
400 0 (0) 0 (0)
600 3,478 (8,594) 55 (136)
Totals 3,638 (8,990) 668 (1,650)

Underground

Contamination Radioactive Materials

(a)

Includes areas posted as contamination/soil contamination
or as radiologically controlled and areas that had both
underground radioactive material and contamination/soil
contamination.

Includes areas with only underground contamination. Does
not include areas that had contamination/soil contamina-
tion as well as underground radioactive material.

Includes tank farms.

Includes BC controlled area and waste disposal facilities
outside the 200-East Area boundary that received waste
from 200-East Area facilities (e.g., 216-A-25, 216-B-3) and
waste disposal facilities outside the 200-West Area bound-
ary that received waste from 200-West Area facilities (e.g.,
216-S-19, 216-U-11). The first cell of the Environmental
Restoration Disposal Facility was added during 1997.

Table 3.2.6. Zone Status Change of Posted
Contamination Areas, 2001

Areas Zone Changes® Area, ha (acres)
100 CA to URM 8 (19.8)
100 None to CA 3 (7.4)
200-East CA to URM 45  (11.1)
200-West CA to URM 1.4 (3.5)
200-West None to CA 6 (14.8)
300 None to CA 8 (19.7)
400 None to report 0 (0)
600 None to CA 1 (2.5)

(a)
(b)

Changes from stabilization activities, newly discovered
sites, or re-surveyed using a global positioning system.
CA = Contamination/soil contamination area.
URM = Underground radioactive materials area.

Near-Facility Environmental Monitoring



3.2.4.1 Radiological Results for
Soil Samples

In Hanford soil samples, cobalt-60, strontium-90,
cesium-137, plutonium-239/240, and uranium were
detected consistently. The concentrations of these
radionuclides were elevated near and within facility
boundaries when compared to historical concentrations
measured off the site. Figure 3.2.2 shows average soil
values for 2001 and the preceding 5 years. The levels
demonstrate a high degree of variability.

Generally, the surface soil samples collected near
the 1301-N Liquid Waste Disposal Facility exhibited
somewhat higher radionuclide concentrations than
those collected at the other soil sampling locations in
the 100-N Area. Average radionuclide concentrations
detected in the surface soil samples near the facility
from 1996 through 2001 are presented in Table 3.2.7.
Results were at or near historical levels measured on the
Hanford Site, and the concentrations for most radionu-
clides were lower than the 2000 levels.

Auverage radionuclide concentrations detected in all
of the surface soil samples collected in the 100-N Area
from 1996 through 2001 are presented in Table 3.2.8.
The average values for 100-N Area soil were also down
in 2001 for most radionuclides. The 2001 maximum,
average, offsite average concentrations, and accessible
soil concentrations are compared in Table 3.2.9.

Soil samples were collected from 57 of 111 sampling
locations in the 200/600 Areasin 2001. Analytical results
from soil samples taken from the 200/600 Areas showed
generally level trends for the average values for all of
the radionuclides measured in 2001. Sampling location
D146, located at the southern end of the Environmental
Restoration Disposal Facility in the 200-West Area, is
now sampled on an annual basis. The 2001 maximum,
average, offsite average, and accessible soil concentrations
are compared in Table 3.2.10. Complete listings of radio-
nuclide concentrations and sampling location maps are

provided in PNNL-13910, APP. 2.

Soil samples were collected from 18 sampling loca-
tions in the 300/400 Areas in 2001: 17 from the 300 Area
and 1 from the 400 Area. The 2001 maximum, average,
offsite average concentrations, and accessible soil
concentrations are compared in Table 3.2.11. Complete
listings of radionuclide concentrations and sampling
location maps are provided in PNNL-13910, APP. 2. For
the samples collected in 2001, average values remained
elevated for uranium isotopes but were much lower than
the concentrations reported in 2000. Uranium concen-
trations were expected to be higher in the 300 Area
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samples than at other site locations because uranium
was used during past fuel fabrication operations in the
300 Area.

In 2001, one soil sample was collected at the reme-
dial action project in the 100-B/C Area, and two each
at the remedial action projects in the 100-F and 100-H
Areas. Four samples were collected from the 100-NR-1
remedial action project site. A single sample was
collected from the Environmental Restoration Disposal
Facility (200-West Area) to determine the effectiveness
of contamination controls. Sample results from each of
these locations were comparable to those seen at other
locations at Hanford. The samples collected from these
locations provide baseline data to be compared with
future samples. Table 3.2.12 provides a summary of the

analytical data for selected radionuclides. All of the
2001 data are provided in PNNL-13910, APP. 2.

3.2.4.2 Radiological Results for
Vegetation Samples

In Hanford vegetation samples, cobalt-60,
strontium-90, cesium-137, plutonium-239/240, and
uranium were detected consistently. Concentrations of
these radionuclides in vegetation were elevated near
and within facility boundaries compared to concentra-
tions measured off the site. Figure 3.2.3 shows average
vegetation values for 2001 and the preceding 5 years. The
results demonstrate a high degree of variability.

Average radionuclide concentrations detected in
the vegetation samples near the retired 1301-N Liquid
Waste Disposal Facility (also known as the 116-N-3
treatment, storage, and disposal unit) from 1996 through
2001 are presented in Table 3.2.13. In 2001, concentra-
tions in these samples were well within the range of
historical levels.

Average radionuclide concentrations detected in all
of the vegetation samples collected in the 100-N Area
from 1996 through 2001 are presented in Table 3.2.14.
These concentrations were also within the range of his-
torical values. The levels of cesium-137 and strontium-90
at the 100-N Area were higher than levels found in the
200 and 300/400 Areas.

Vegetation samples collected along the 100-N Area
shoreline (N Springs) contain radionuclides that were
not completely retained in the soil columns beneath the
retired 1301-N and 1325-N Liquid Waste Disposal Facili-
ties. Radionuclides concentrations were similar in 2000
and 2001, with the exception of a single positive result for
cobalt-60 in 2001. Table 3.2.15 shows the average radio-
nuclide concentrations detected in the vegetation samples

collected along N Springs from 1996 to 2001.
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Table 3.2.7. Average Radionuclide Concentrations (pCi/g'®! dry wt.)* Detected in Surface
Soil Samples near the 1301-N Liquid Waste Disposal Facility, 1996 through 2001

Year 60C0 QOSr 137CS 234U 235U 238U 239/240Pu
1996 25+£178 0.23+0.11 098%1.0 0.57+0.24 0.059 £ 0.049 0.56+0.38  0.066 £ 0.019
1997 43+9.0 5.8%19.0 1.5£2.6 0.22+0.11 0.020 + 0.007 0.22+£0.01 1.2+34
1998 8.5+ 24 1.6+28 52%13 0.22+£0.19 0.039 £ 0.013 0.16 £ 0.07 0.19+0.34
1999 26£50 29+438 1.3+19 0.21 £ 0.086 0.014 = 0.006 0.19+£0.07 0.094 £+ 0.048
2000 1.6 £0.68 1.0+ 0.82 2.7£5.6 0.20 £ 0.066 0.016 £ 0.000004  0.22 + 0.09 0.07 £ 0.07
2001 046£0.76 048x042 039+04 0.25+0.08 0.024 £ 0.01 0.26 £ 0.05 0.04 + 0.04

(a) To convert to international metric system units, multiply pCi/g by 0.037 to obtain Bq/g.
(b) +2 standard deviations.

Table 3.2.8. Average Radionuclide Concentrations (pCi/g'®! dry wt.)® Detected
in all 100-N Area Surface Soil Samples, 1996 through 2001

Year GUCO QOSr 137CS 234U 235U 23BU 239/240Pu
1996 1.5£3.0 0.20+0.22 0.077%1.1 0.567 = 0.082 0.038+0.021  0.566 £0.125 0.07£0.016
1997 2580 39+16 0.89+24 0.21 £ 0.04 0.020£0.002  0.207 £ 0.036 091+£3.2
1998 4.9+ 20 12+2.6 3111 0.214 £ 0.063 0.033 £0.008  0.166 + 0.026 0.15+03
1999 1.6+ 4.6 20+£44 0.84+1.8 0.22 £ 0.04 0.016 % 0.004 0.20 £ 0.03 0.029 £ 0.05
2000 3.1%£0.6 0.84 £ 0.9 2552 0.22£0.09 0.018 + 0.007 0.22+£0.03 0.058 £ 0.074
2001 04+0.68 048+0.42 0.39+0.36 0.24 £ 0.09 0.024 £ 0.01 0.25+0.07 0.031 +0.04

(a) To convert to international metric system units, multiply pCi/g by 0.037 to obtain Bg/g.
(b) %2 standard deviations.

Table 3.2.9. Concentrations of Selected Radionuclides (pCi/g'! dry wt.) in all 100-N Area
Surface Soil Samples, 2001

60Co %Gy 137Cg 234 2351 238 239/240p
Maximum® 1.0£0.08 0.7+03 0.6 +0.08 0.32 % 0.08 0.03 £ 0.02 0.3 £ 0.08 0.06 + 0.03
Average'@ 04+0.76 048+042 039+036 0.240+ 0.09 0.024 + 0.01 0.25 + 0.07 0.031 + 0.04
Distant community‘©? NR®© 0.052+0.11 0.15+0.32 NR NR 0.13+0.11 0.0055 £ 0.012
Accessible soil
concentration
(WHC-SD-EN-TI-070)® 7.1 2,800 30 630 170 370 190

(a) To convert to international metric system units, multiply pCi/g by 0.037 to obtain Bq/g.
(b)  # total analytical uncertainty.

(c) #*2 standard deviations.

(d) See Section 4.6.

(e) NR = Not reported.

(f)  Hanford soils that are not behind security fences.
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(a)

Table 3.2.10. Concentrations of Selected Radionuclides (pCi/g'! dry wt.) in 200/600 Areas
Surface Soil Samples, 2001

60Co 90gy 1370
Maximum® ND 3.8+£0.8 11.0+ 1.6
Average® ND 055+ 1.3 1.5+ 4.0
Distant community‘®) NR® 0.052£0.11 0.15+0.32
Accessible soil concen-

tration limits

(WHC-SD-EN-TI-070)%® 7.1 2,800 30

To convert to international metric system units, multiply pCi/g by 0.037 to obtain Bq/g.

234 2351 238 239/240p

0.47+0.1 0.048 + 0.022 0.43 + 0.01 0.98 £0.21

0.22+0.11 0.02 £ 0.02 0.22+0.11 0.13+0.4
NR NR 0.13£0.11  0.0055 +0.012
630 170 370 190

(b)  # total analytical uncertainty.
(c) ND = Not detected.
(d) +2 standard deviations.
(e) See Section 4.6.
(f)  NR = Not reported.
(g) Hanford soils that are not behind security fences.
Table 3.2.11. Concentrations of Selected Radionuclides (pCi/g'! dry wt.) in 300/400 Areas
Surface Soil Samples, 2001
0Co 905y 1370 23 235 2331 239240p
Maximum® ND© ND 0.15+0.03 5.7+ 1.1 0.31 £ 0.084 59+ 1.1 0.08 £ 0.03
Average@ ND ND 0.05+0.08 0.94 3.0 0.06 £ 0.17 0.95+3.2 0.041 £ 0.06
Distant community‘®* NR® 0.052+£0.11 0.15+0.32 NR NR 0.13+0.11  0.0055 + 0.012
Accessible soil concen-
tration limits
(WHC-SD-EN-TI-070)%® 7.1 2,800 30 630 170 370 190
(a) To convert to international metric system units, multiply pCi/g by 0.037 to obtain Bq/g.
(b) = total analytical uncertainty.
(c) ND = Not detected.
(d) %2 standard deviations.
(e) See Section 4.6.
(f)  NR = Not reported.
(g) Hanford soils that are not behind security fences.

The 2001 analytical results for vegetation samples
collected at the 100-N Area are compared to offsite
averages in Table 3.2.16. A complete list of radionuclide
concentrations and sampling location maps are provided
in PNNL-13910, APP. 2. In 2001, analytical results from
vegetation samples collected from the 100-N Area were
slightly elevated compared to those observed in 2000.
The radionuclide levels measured in 100-N Area vegeta-
tion were greater than those measured off the Hanford
Site.

Vegetation samples from 49 of 115 sampling loca-
tions were collected in the 200/600 Areas in 2001. The
2001 maximum and average concentrations for selected
radionuclides are compared to the offsite average in
Table 3.2.17. A complete list of radionuclide
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concentrations and sampling location maps is provided
in PNNL-13910, APP. 2. Analytical results from vege-
tation samples taken in 2001 from the 200/600 Areas
were comparable to those observed in previous years.
Radionuclide levels for strontium-90, cesium-137, and
plutonium-239/240 were greater than those measured

off the Hanford Site.

Seventeen vegetation samples were collected from
the 300/400 Areas in 2001. The 2001 maximum, aver-
age, offsite average, and accessible soil limits for
300/400 Areas samples are listed in Table 3.2.18. Com-
plete listings of radionuclide concentrations and
sampling location maps are provided in PNNL-13910,
APP. 2.
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Table 3.2.12. Radionuclide Concentrations (pCi/g'®! dry wt. + total analytical uncertainty)
in Environmental Restoration Contractor Projects’ Soil Samples, 2001

Sample
Site Location® “Co 0sr. B1Cs =y =U =y 2%0200py

ERDF® D146 ND@ ND 0.21 + 0.034 0.22£0.057 0.027 £ 0.016 0.28+0.07 0.018 + 0.012
100-B/C D150 ND ND 0.22 + 0.035 0.21 £ 0.059 0.014 £ 0.012 0.23 £ 0.062 0.015 + 0.012
100-H D151 ND ND 0.38 + 0.072 0.12 + 0.037 ND 0.15 + 0.044 ND
100-H D152 ND ND 0.55+ 0.11 0.14 £ 0.043 0.017 £ 0.013 0.16 + 0.048 ND
100-F D154 ND ND 0.21 + 0.036 0.24 + 0.062 ND 0.18£0.05 0.013 £ 0.011
100-F D155 ND 039+02 0.077 £0.018 0.17+0.048 0.016+0.012 0.19 £ 0.051 0.019 + 0.013
100-N D156 0.021 + 0.019 ND 0.032 + 0.013 0.28 + 0.07 0.016 £ 0.013  0.31 + 0.074 ND
100-N D157 0.68 + 0.055 ND 0.41 + 0.066 0.17 + 0.048 0.01 £ 0.009 0.14 + 0.042 ND
100-N D158 0.033 £ 0.007 0.34+0.2  0.038 + 0.01 0.17+0.048 0.016 + 0.013 0.19 £ 0.051 ND
100-N D159 0.017 + 0.008 ND 0.049 + 0.013 0.2 £ 0.054 ND 0.23 £ 0.06 ND
Distant community©? NR® 0.052 + 0.11 0.15 + 0.32 NR NR 0.13+0.11  0.0055 + 0.012
Accessible soil

concentration® 7.1 2,800 30 630 170 370 190

(b)  Sampling location code. See PNNL-13910, APP. 2.
(c)  ERDF = Environmental Restoration Disposal Facility.
(d) ND = Not detected.

(e) +2 standard error of the mean.

(f)  See Section 4.6.

(g)  NR = Not reported.

(h)  Hanford soils that are not behind security fences.

(a) To convert to international metric system units, multiply pCi/g by 0.037 to obtain Bq/g.

The levels of most radionuclides measured in the
300 Area were greater than those measured off the
Hanford Site, and uranium levels were higher than levels

measured in either the 100 and 200 Areas. The higher

uranium levels were expected because uranium was

released during past fuel fabrication operations in the
300 Area. In the 400 Area, the levels recorded for most
radionuclides were higher than those measured off the
site in previous years.

3.2.5 External Radiation

External radiation fields were monitored near facili-
ties and waste handling, storage, and disposal sites to
measure and assess the impact of operations. Thermolu-
minescent dosimeters were used at numerous fixed loca-
tions to gather dose rate information over longer periods
of time. Thermoluminescent dosimeter results were used
individually or averaged to determine dose rates in a
given area for a particular sampling period. A summary of
the 2000 and 2001 thermoluminescent dosimeter
results can be found in Table 3.2.19. Individual thermolu-
minescent dosimeter results and locations are provided
in PNNL-13910, APP. 2. Specific information regard-
ing external radiation sampling methods and locations
can be found in DFSNW-OEM-001. Dose rate informa-
tion for Hanford perimeter locations can be found in
Section 4.6.
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Environmental thermoluminescent dosimeters
measure dose rates from all types of external radiation
sources. These sources include cosmic radiation, natu-
rally occurring radioactivity in air and soil, and fallout
from past nuclear weapons testing, as well as any contri-
bution from Hanford Site activities. These outside radia-
tion sources may cause an estimated 20% deviation in
thermoluminescent dosimeter results.

Near-facility monitoring uses the Harshaw ther-
moluminescent dosimeter system, which includes the
Harshaw 8807 dosimeter and the Harshaw 8800 reader.
The packaging, which uses an O-ring seal, protects the
dosimeter from light, heat, moisture, and dirt. The ther-
moluminescent dosimeters were placed 1 meter
(3.28 feet) above the ground near facilities, active and
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Table 3.2.13. Average Radionuclide Concentrations (pCi/g™® dry wt.)®
Detected in Vegetation Samples Collected near the 1301-N Liquid
Waste Disposal Facility, 1996 through 2001

1996 7.9+22 750 + 2,200
1997 0.42@ 0.49@
1998 0.54+0.93 13.6 £ 38.0
1999 099+ 1.7 205 + 340
2000 ND 0.09 £ 0.019
2001 0.17+£0.17 34+9.2

(a)
(b)
(c)
(d)
(e)

+2 standard deviations.

Single value above detection limit.
ND = Not detected.

To convert to international metric system units, multiply pCi/g by 0.037 to obtain Bq/g.

Negative value indicates results at or below background levels of radioactivity.

137CS 239/240Pu
2,750+ 9,200 -0.013 £ 0.38©
0.14+£0.08 NDt
50.1 % 140 0.0071@
505+ 720 0.017 £ 0.009
0.2@ ND
0.26+0.24 ND

Table 3.2.14. Average Radionuclide Concentrations (pCi/g™® dry wt.)®
Detected in all 100-N Area Vegetation Samples, 1996 through 2001

Year Co_ 2o8r
1996 6.0+ 20 250 £ 1,400
1997 0.42+0.05 3.6+ 14
1998 0.62+1.5 12+£32
1999 0.61+1.6 91 £ 300
2000 0.05+0.03 5.7+19
2001 0.89£3.0 3.5+£9.0

(a)
(b)
(c)
(d)
(e)

+2 standard error of the mean.

ND = Not detected.

Single value above detection limit.

To convert to international metric system units, multiply pCi/g by 0.037 to obtain Bq/g.

Negative value indicates results at or below background levels of radioactivity.

137CS 239/240Pu
1,300 + 7,000 -0.0051 + 0.013¢
0.16+0.19 ND@
38+ 130 0.0042 + 0.004
250+ 720 0.022+0.02
0.2©@ 0.009
0.38+0.44 0.024 £ 0.04

inactive surface-water disposal sites, and remedial action
projects. The dosimeters were exchanged and analyzed
each calendar quarter. The Radiological Calibrations
Facility in the 318 Building (300 Area) calibrates the
response of the chips; results are reported in terms of
external dose.

In 2001, there were 133 thermoluminescent dosim-
eter locations collecting external radiation information.
At six locations, the dosimeter results showed a decrease
in external radiation from 2000 levels. At one location
(212-Rin the 200-North Area), there was a 20% increase
in the amount of radiation detected. At the remaining
locations, there were no changes in the amount of exter-
nal radiation detected.
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At the former 116-B-11 and 116-C-1 Liquid Waste
Disposal Facilities (located in the 100-B/C Area), five
thermoluminescent dosimeter sites monitored dose
rates in 2001. In the 100-F Area, five thermoluminescent
dosimeter monitoring sites were used. In the 100-H Area,
three thermoluminescent dosimeter monitoring sites
were used. Remedial action activities by the environ-
mental restoration contractor were completed in 2001,
and the dosimeters were removed in September 2001.
Dose rates measured in 2001 at each location were compa-
rable to those measured in 2000.

Cleanup activities at the 100-K Fuel Storage Basins
and adjacent retired reactor buildings in the 100-K Area
continue to be monitored. Dose rates in this area in 2001



Table 3.2.15. Average Radionuclide Concentrations (pCi/g'® dry wt.)®!
Detected in N Springs Vegetation Samples, 1996 through 2001

Year 80Cq gy 1370 230240p
1996 0.01£0.01 24+6.0 0.15@ -0.0015 £ 0.002@
1997 ND® 6.2+17.0 0.18+0.24 ND

1998 0.068 21.0+26.0 ND 0.0028@
1999 ND 098+1.1 0.42+0.70 ND

2000 ND 9.4+22.0 ND 0.009@
2001 0.57¢ 4.7+9.2 ND 0.008@

(a) To convert to international metric system units, multiply pCi/g by 0.037 to obtain Bq/g.

(b) #*2 standard deviations.

(c) Single value above detection limit.

(d) Negative value indicates results at or below background levels of radioactivity.

(e) ND = Not detected.

Table 3.2.16. Concentrations of Selected Radionuclides (pCi/g'® dry wt.) in 100-N Area
Vegetation Samples, 2001

Maximum® 38+03 11.0+ 1.6 0.71 £ 0.16 0.016 + 0.09 0.006 0.013 £ 0.007 0.055 + 0.018
Average!? 0.89 + 3.0 35+£9.0 0.38 + 0.44 0.01 £ 0.01 0.01 £ 0.01 0.024 + 0.04
Distant community® NR® 0.066 = 0.059 0.0022 + 0.034 NR NR ND® 0.00078 + 0.0016

(a)
(b)
(c)
(d)
(e)
(f)
()

To convert to international metric system units, multiply pCi/g by 0.037 to obtain Bq/g.
+ total analytical uncertainty.

Single value above detection limit.

+2 standard deviations.

See Section 4.6.

NR = Not reported.

ND = Not detected.

Table 3.2.17. Concentrations of Selected Radionuclides (pCi/g'“! dry wt.) in 200/600 Areas

Vegetation Samples, 2001
SDCO QOSr 137CS 234U 235U 238U 239/240Pu
Maximum® ND®© 48%07 0.8+ 0.3 0.05+002 0010006 005 0.02 0.1 +0.03
Average® ND 1.0£3.0 0.17+030  0019%0.02 0006+ 0.003 0018 0.02 0.021 + 0.04
Distant community‘ NR®  0.066+0.059 0.0022 + 0.034 NR NR ND 0.00078 £ 0.0016

(a) To convert to international metric system units, multiply pCi/g by 0.037 to obtain Bq/g.
(b) % total analytical uncertainty.

(c) ND = Not detected.

(d)  *2 standard deviations.

(e)  See Section 4.6.

(f)  NR = Not reported.
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Table 3.2.18. Concentrations of Selected Radionuclides (pCi/g'! dry wt.) in 300/400 Areas

ples, 2001

Vegetation Sam
60C0 SOSr 137CS
Maximum® ND®© 0.81 +0.16 ND
Average ND 0.26 = 0.38 ND
Distant community‘®* NR® 0.066 £ 0.059 0.0022 + 0.034

(a)
(b)
(c)
(d)
(e)
(f)

+ total analytical uncertainty.
ND = Not detected.

+2 standard deviations.

See Section 4.6.

NR = Not reported.

To convert to international metric system units, multiply pCi/g by 0.037 to obtain Bq/g.

234U 235U 238U 239/240Pu
0.54+0.11 0.033+£0.013 057%0.11 0.0074 + 0.0054
0.10+ 032 0.012 £ 0.02 0.01 £ 0.34 0.006 + 0.003

NR NR ND 0.00078 + 0.0016

Facilities, 2000 and 2001,

Table 3.2.19. Thermoluminescent Dosimeter Results (mrem/yr)® for Waste Handling

based on 24 hours/day

(a)
(b)

To convert to international metric system units, multipl

(c) TEDF = 300 Area Treated Effluent Disposal Facility.
(d) CVDF = Cold Vacuum Drying Facility.
(e) ERDF = Environmental Restoration Disposal Facility.

No. of 2000 2001

Area Locations, 2001 Maximum Mean Maximum Mean % Change®
100-B/C 5 87 84 94 88 5
100-F 5 88 85 87 83 -2
100-H 3 90 88 95 71 -19
100-K 11 390 120 419 125 4
100-N 14 4,700 1,100 991 319 -71
200/600 66 300 106 317 114 7
212-R 1 2,500 2,000 2,800 1,809 -10
300 TEDF® 6 85 83 90 85 2
300 8 180 100 172 106 6
400 7 81 80 84 82 3
CVDF¥ 4 81 75 81 78 4
ERDF® 3 93 89 111 93 4

Numbers indicate a decrease (-) or increase from the 2000 mean.

y mrem/yr by 0.01 to obtain mSv/yr.

slightly increased by 4% relative to 2000 values, due
primarily to natural fluctuation. For the same reason, the
four thermoluminescent dosimeter monitoring sites
around the Cold Vacuum Drying Facility also showed
an annual dose rate increase of 4% in 2001.

The 2001 results for the 100-N Area indicate that
direct radiation levels are highest near facilities that
contained or received liquid effluent from N Reactor.
These facilities primarily include the retired 1301-N and
1325-N Liquid Waste Disposal Facilities. The results for
these two facilities were noticeably higher than those for
other 100-N Area thermoluminescent dosimeter loca-
tions, but were significantly lower than dose levels
measured at these locations in 2000. This reduction was
directly attributable to the removal of source material
from the facilities by the environmental restoration
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contractor. Overall, the average dose rate measured in
the 100-N Area in 2001 was ~71% lower than that meas-
ured in 2000. Annual average thermoluminescent dosim-
eter results for the entire 100-N Area from 1987 through
2001 are presented in Figure 3.2.4.

Dose rates were measured at the N Springs shoreline
to determine potential external radiation doses to the
public as well as to onsite workers. Because of the
cleanup at the liquid waste disposal facilities, the
“skyshine” effect (i.e., radiation reflected by the atmos-
phere back to the earth’s surface) at the N Springs shore-
line continued to slowly decrease in 2001 (see Figure 3.2.5
for annual average since 1987).

The highest dose rates in the 200 Areas were meas-
ured near waste handling facilities. The location within
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the 200 Areas exhibiting the highest dose rate was at
the AZ tank farm in the 200-East Area. The average
annual dose rate measured in 2001 in the 200 Areas was
slightly higher than the average 2000 measurement. The
annual average thermoluminescent dosimeter results
from 1987 through 2001 are presented in Figure 3.2.6.

This is the sixth year that thermoluminescent
dosimeters have been placed at the Environmental Resto-
ration Disposal Facility to evaluate dose rates during

ongoing activities. Dose rates measured in 2001 were
comparable to the 2000 results.

The highest dose rates in the 300 Area in 2001 were
measured near the retired 316-3 process trench. The
average dose rates measured in 2001 in the 300 Area, at
the 300 Area Treated Effluent Disposal Facility, and in
the 400 Area were similar to those measured in 2000. The
annual average thermoluminescent dosimeter results for
the 300 and 400 Areas from 1991 through 2001 are
presented in Figure 3.2.7.
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One thermoluminescent dosimeter monitoring site
is located in the 200 North Area at the (contaminated)
212-R Railroad Car Disposition Area. This location was
established in 2000 to monitor expected high radiation
levels in the immediate vicinity. The annual average
dose rate at 212-R in 2001 showed an increase of 20%

compared to 2000. Dose rates measured at this location
exceed the DOE annual external dose limit to the mem-
bers of the public; however, no member of the public, or
Hanford worker, would conceivably spend an entire
year at this location.

3.2.6 Investigative Sampling

Investigative sampling was conducted in the opera-
tions areas to monitor the presence or movement of
radioactive and/or hazardous materials around areas of
known or suspected contamination or to verify radio-
logical conditions at specific project sites. Investigative
sampling took place near facilities such as storage and
disposal sites for at least one of the following reasons:

¢ to follow up radiological surface surveys that had
indicated radioactive contamination was present

® to conduct preoperational surveys to characterize the
radiological/chemical conditions at a site before
facility construction, operation, or ultimate
remediation

¢ todetermine if biotic intrusion (e.g., animal burrows
or deep-rooted vegetation) had created a potential
for contaminants to spread

® to determine the integrity of waste containment
systems.

Generally, the predominant radionuclides discov-
ered during these efforts were cesium-137, strontium-90,
and plutonium-239/240 in the 100 and 200 Areas and
uranium-234, -235, and -238 in the 300 Area. Hazardous
chemicals generally have not been identified above
background levels in preoperational environmental
monitoring samples.

Investigative samples collected in 2001 included
mammals (mice, bats, rabbit), animal feces (mouse, coy-
ote, bird), soils, and vegetation (tumbleweeds, rabbit-
brush, grass). Methods for collecting investigative samples
are described in DFSNW-OEM-001. Field monitoring
was conducted to detect beta/gamma and alpha radioac-
tivity in samples before they were submitted for analysis.
Field monitoring results are expressed as disintegrations
per minute per 100 square centimeters. Beta/gamma
radiation field surveys were conducted with a Geiger-
Miieller detector, while alpha radiation field surveys were
performed with a portable alpha meter. Laboratory
analyses results and field readings are provided in Sec-
tion 7.0, PNNL-13910, APP. 2.
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In 2001, five investigative samples were analyzed for
radionuclides at the 222-S laboratory in the 200-West
Area. Of the samples analyzed, all showed measurable
levels of activity. Another 63 contaminated investiga-
tive environmental samples were reported and disposed
of without isotopic analyses (though field instrument
survey readings were recorded) during cleanup opera-
tions. See Table 3.2.20 for a summary of historical
investigative sample collections.

In 2001, there were 20 instances of radiological
contamination in investigative soil samples. Of the 20,
11 were identified as speck or soil speck contamination.
None of the investigative soil samples were submitted
for radioisotopic analysis. Eighteen of the 20 locations
were cleaned up, and the contaminated soil was dis-
posed of in low-level burial grounds. At the remaining
sites, the contamination levels did not exceed limita-
tions of the posting and the soil was left in place.

The number of investigative soil contamination
incidents, range of radiation dose levels, and radionu-
clide concentrations in 2001 were generally within his-
torical values (WHC-MR-0418). Areas of special soil
sampling that were found outside radiological control
areas and that had dose rate levels greater than radio-
logical control limits were cleaned up or posted as
surface contamination areas.

Table 3.2.20. Investigative Sample Collections'®! I

Sample Type
Year Soil Vegetation Wildlife®
1994 94 39 217
1995 73 39 25
1996 37 21 41
1997 51 46 30
1998 41 51 55
1999 42 85 16
2000 25 66 12
2001 20 31 10

(a) Annual number of samples collected.
(b) May include wildlife-related materials (e.g., feces,
nests, etc.)

Near-Facility Environmental Monitoring




In 2001, there were 31 instances of radiological
contamination in investigative vegetation samples. Of
the 31 instances, 27 were identified as tumbleweeds or
tumbleweed fragments, one as grass, and three as rabbit-
brush. None of these samples were analyzed for radio-
nuclide activities. There were eight tumbleweed samples
with elevated field readings. Of these, five were from
the 218-E-12B burial ground in the 200-East Area, two
were found on the SX-SY tank farm in the 200-East
Area, and one was suspected to have originated from an
inactive transfer line between the B tank farm and the
244-B evaporator in the 200-East Area. Investigative
vegetation samples not sent to the laboratory for analysis
were disposed of in low-level burial grounds.

Tumbleweed and rabbitbrush are deep-rooted
species and become radiologically contaminated by the
uptake of below ground contaminants through their root
systems. Herbicide application is intended to halt vege-
tation growth before this uptake occurs. During 2001,
application techniques were improved, and administra-
tive procedures were implemented to improve vegetation
management. The reduced number of incidents (31) in
2001 appears to reflect these improvements. Neverthe-
less, contaminated vegetation continued to be identified
by radiological surveys. However, as “old” contaminated
vegetation from past years is identified and cleaned up,
subsequent years should show the results of program
improvements.

Investigative wildlife samples were collected directly
from or near facilities to monitor and track the effective-
ness of measures designed to deter animal intrusion.
Samples were collected either as part of an integrated pest
management program designed to limit the access of
animals to radioactive materials, or as a result of finding
radiologically contaminated wildlife-related material
(e.g., feces, nests) during radiation surveys.

Radiological surveys were performed after the collec-
tion of wildlife to determine whether an animal was
radioactively contaminated. If a live animal was found to
be free of contamination, it was taken to an area of suit-
able habitat, still in a controlled area, and released. If an
animal was contaminated, a decision was made based on
the level of contamination, location, and frequency of
occurrence either to collect the animal as a sample or to
dispose of the animal in a low-level burial ground.

In 2001, ten wildlife and wildlife-related samples
were collected, five of which were submitted for labora-
tory analysis. The number of samples submitted for ana-
lysis depended on opportunity (i.e., resulting from the
pest control activities), the technical merits of having
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isotopic analyses results, and the analytical budget,
rather than prescheduled sampling at established sam-
pling points.

The maximum radionuclide concentrations in
investigative wildlife samples in 2001 were in mouse
feces collected near the 241-TX-155 diversion box in the
200-West Area. Contaminants included strontium-
89/90, cesium-137, europium-154, europium-155,
plutonium-238, and plutonium-239/240. The numbers
of animals found to be radioactively contaminated in
2001 were the lowest since 1994, and the range of radio-
nuclide activities were within historical levels

(WHC-MR-0418).

In May 2001, contaminated feces were found
around the 241-AY/AZ construction trailers in the
200-East Area. Examination of the fecal pellets did not
provide a conclusive determination of whether they
were weathered mouse feces or fragments of bird feces.
The area has a history of contaminated mouse feces.
However, a bird feeder at the site also attracted large
numbers of birds. The feeder was immediately removed.

The feces were collected and submitted for analysis.
Contaminants included cobalt-60, strontium-89/90,
cesium-137, europium-154, europium-155, plutonium-
238, and plutonium-239/240. A sampling effort for
avian feces was established in the area, the sampling
stations were monitored for 3 months, and no further
contamination was noted.

There were five cases of contaminated wildlife or
related samples found during cleanup operations that
were not submitted to a laboratory for analysis. These
samples included ant mounds and mouse feces.

Special characterization projects conducted or com-
pleted in 2001 to ascertain the radiological, and in some
cases, potential hazardous chemical status of site-specific
operations included the project listed below:

e A preoperational monitoring plan (RPP-6877) was
developed in support of the Waste Vitrification
initiative. As part of this plan, a survey is being
conducted on the proposed location for the
Remote-Handled Immobilized Low-Activity Waste
Disposal Facility in the 200-East Area. Tasks com-
pleted in 2001 included radiological and ground
penetrating radar surveys and surface and subsurface
soil sampling at three locations near the ash disposal
pile. Following the completion of all the tasks out-
lined in the monitoring plan, the obtained data will
be published in a final report. The report is sched-
uled for publication in 2004.
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Surveillance Information

R. W. Hanf and L. E. Bisping

The following sections describe results of the
Hanford Site surface environmental surveillance and
drinking water surveillance projects for 2001 and
include, where applicable, information on both radio-
logical and non-radiological constituents. The objec-
tives, criteria, design, and description of these projects
are summarized below and provided in detail in the
Hanford Site environmental monitoring plan (DOE/RL-
91-50). Radiological doses associated with the surveil-
lance results are discussed in Section 5.0. The quality
assurance and quality control programs developed to
assure the value of surveillance data are described in
Section 9.0.

Many samples are collected and analyzed for the
Hanford Site environmental surveillance project, and
the resulting data are compiled in a large database. It is
not practical nor desirable to list individual results in

this report; therefore, only summary information is
included, emphasizing those radionuclides or chemicals
of Hanford Site origin that are important to the envi-
ronment or human health and safety. Supplemental data
for some sections can be found in Appendix B. More
detailed results for specific surface environmental sur-
veillance sampling locations are contained in Hanford
Site Environmental Surveillance Data Report for Calendar
Year 2001 (PNNL-13910, APP. 1). The intent of these
sections (Sections 4.1 through 4.7) is to provide current
surveillance data, to compare 2001 data to past data and
existing and accepted standards, and to present a general
overview of Hanford Site surveillance activities.

In addition to Hanford Site environmental surveil-
lance, environmental monitoring is conducted at or near
facilities on the site. These near-facility monitoring
efforts are discussed in Section 3.2.

4.0.1 Surface Environmental Surveillance

The Pacific Northwest National Laboratory’s Sur-
face Environmental Surveillance Project is a multimedia
environmental monitoring effort to measure the concen-
tration of radionuclides and chemicals in environmental
media and assess the potential effects of these materials
on the environment and the public. Samples of air,
surface water, sediment, soil and natural vegetation,
agricultural products, fish, and wildlife are collected rou-
tinely or periodically. Analyses include the measurement
of radionuclides at very low environmental levels and
non-radiological chemicals, including metals and anions.
In addition, ambient external radiation is measured.

The project focuses on routine releases from
U.S. Department of Energy (DOE) facilities on the
Hanford Site; however, the project also responds to
unplanned releases and releases from non-DOE opera-
tions on and near the site. Surveillance results are
provided annually through this report series. In addi-

tion, unusual results or trends are reported to the DOE

4.1

Richland Operations Office and the appropriate facility
managers when they occur. Whereas effluent and near-
facility environmental monitoring are conducted by the
facility operating contractor or designated subcontractor,
environmental surveillance is conducted under an inde-
pendent program that reports directly to the DOE
Richland Operations Office, Office of Site Services.

4.0.1.1 Surveillance Objectives

The general requirements and objectives for envi-
ronmental surveillance are contained in DOE Orders
5400.1, “General Environmental Protection Program,”
and 5400.5, “Radiation Protection of the Public and the
Environment.” The broad objectives (DOE Order
5400.1) are to demonstrate compliance with legal and
regulatory requirements, to confirm adherence to DOE
environmental protection policies, and to support envi-
ronmental management decisions.



These requirements are embodied in the surveil-
lance objectives stated in the DOE Orders and DOE/
EH-0173T, Environmental Regulatory Guide for Radiologi-
cal Effluent Monitoring and Environmental Surveillance,
and include the following:

e determine compliance with applicable environmen-
tal quality standards, public exposure limits, and
applicable laws and regulations; the requirements
of DOE Orders; and the environmental commit-
ments made in environmental impact statements,
environmental assessments, safety analysis reports,
or other official DOE documents. Additional
objectives include conducting preoperational
assessments, assessing radiological doses to the
public and environment, assessing doses from other
local sources, reporting alarm levels and potential
doses exceeding reporting limits (DOE Order 5400.5,
Chapter II, Section 7), and maintaining an envi-
ronmental monitoring plan

e determine background levels and site contributions
of contaminants in the environment

e determine long-term accumulation of site-related
contaminants in the environment and predict trends

e characterize and define trends in the physical,
chemical, and biological conditions of environ-
mental media

e determine effectiveness of treatment and controls
in reducing effluents and emissions

e determine validity and effectiveness of models to
predict the concentrations of pollutants in the
environment

e detect and quantify unplanned releases

¢ identify and quantify new environmental quality
problems.

DOE/EH-0173T stipulates that subsidiary objectives
for surveillance should be considered. Subsidiary objec-
tives applicable to the site include the following:

e obtain data and maintain the capability to assess
the consequence of accidents

e provide public assurance; address issues of concern
to the public, stakeholders, regulators, and business
community

¢ enhance public understanding of site environmen-
tal issues, primarily through public involvement and
by providing public information
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e provide environmental data and assessments to
assist the DOE in environmental management of
the site.

4.0.1.2 Surveillance Design

The DOE Orders require that the content of sur-
veillance programs be determined on a site-specific basis
by the DOE site offices. The surveillance programs must
reflect facility characteristics; applicable regulations;
hazard potential; quantities and concentrations of mate-
rials released; extent and use of affected air, land, and
water; and specific local public interests and concerns.
Environmental surveillance at the Hanford Site is
designed to meet the listed objectives while considering
the environmental characteristics of the site and poten-
tial and actual releases from site operations. Surveil-
lance activities focus on the effect to the environment
and compliance with public health and environmental
standards or protection guides rather than on providing
detailed radiological and chemical characterization.
Experience gained from environmental surveillance
and studies conducted at the Hanford Site for more
than 50 years provide valuable technical background for
planning the surveillance design and managing the site.

The Hanford Site environmental surveillance proj-
ect historically focused on radionuclides in various
media and non-radiological water quality parameters.
In recent years, surveillance for non-radiological con-
stituents, including hazardous chemicals, has been
expanded. A detailed chemical pathway and exposure
analysis for the Hanford Site was completed in 1995
(PNL-10714). The analysis helped guide the selection of
chemical surveillance media, sampling locations, and
chemical constituents.

Each year, a radiological pathway analysis and expo-
sure assessment is performed. The 2001 pathway analysis
was based on 2001 source-term data and on the compre-
hensive pathway and dose assessment methods included
in the Generation Il (GENII) computer code (PNL-6584)
used to estimate radiation doses to the public from
Hanford Site operations. The Biota Dose Calculator, a
spreadsheet program, was used to calculate doses to ani-
mals. The results of the pathway analysis and exposure
assessment serve as a basis for future years’ surveillance
program design.

Exposure is defined as the interaction of an organ-
ism with a physical or chemical agent of interest. Thus,
exposure can be quantified as the amount of chemical or
physical agent available for absorption at the organism’s
exchange boundaries (i.e., skin contact, lungs, gut). An
exposure pathway is identified based on (1) examination



of the types, location, and sources (contaminated soil, e physically or chemically transformed (e.g., deposi-
raw effluent) of contaminants; (2) principal release tion, precipitation, volatilization, photolysis, oxida-
mechanisms; (3) probable environmental fate and trans- tion, reduction, hydrolysis or radionuclide decay)
port (including persistence, partitioning, and intermedi-
ate transfer) of contaminants of interest; and, most
important, (4) location and activities of the potentially
exposed populations. Mechanisms that influence the
fate and transport of a chemical through the environment
and influence the amount of exposure a person might
receive at various receptor locations are listed below. The primary pathways for movement of radioactive
materials and chemicals from the site to the public are
the atmosphere and surface water. Figure 4.0.1 illus-
trates these potential routes and exposure pathways to
humans.

¢ biologically transformed (e.g., biodegradation)

e accumulated in the receiving media (e.g., sorbed
strongly in the soil column, stored in organism
tissues).

Once a radionuclide or chemical is released into the
environment, it may be

¢ transported (e.g., migrate downstream in solution
or on suspended sediment, travel through the
atmosphere, or be carried off the site by contami-

nated wildlife)

The significance of each pathway was determined
from measurements and calculations that estimated the
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amount of radioactive material or chemical transported
along each pathway and by comparing the concentra-
tions or potential doses to environmental and public
health protection standards or guides. Pathways were
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 showed the expected concentrations off the
Hanford Site, for all Hanford-produced radionuclides
and chemicals, to be frequently below the levels that
could be detected by monitoring technology. To assure
that radiological and chemical analyses of samples were
sufficiently sensitive, minimum detectable concentra-
tions of key radionuclides and chemicals were estab-
lished at levels well below applicable health standards.

Environmental and food chain pathways were moni-
tored near facilities releasing effluents and at potential
offsite receptor locations. The surveillance design at
Hanford used a stratified sampling approach to monitor
these pathways. Samples were collected, and radionuclide
and chemical concentrations were measured in three
general surveillance zones that extended from onsite
operational areas to the offsite environs.

The first surveillance zone extended from near the
operational areas to the site perimeter. The environ-
mental concentrations of releases from facilities and
fugitive sources (those released from other than monitored

sources such as contaminated soils) generally would be
the highest and, therefore, most easily detected in this
zone. The second surveillance zone consisted of a series of
perimeter sampling stations positioned near or just inside
the site boundary, along State Highway 240, which runs
through the site from Richland to the Yakima Barricade,
and along the Columbia River (see Figure 1.0.1). The
third surveillance zone consisted of locations in commu-
nities within an 80-kilometer (50-mile) radius of the site.
Surveillance was conducted in communities to obtain
measurements at locations where a large number of
people potentially could be exposed to Hanford Site
releases and to document that contaminant levels were
well below standards established to protect public health.
Table 4.0.1 summarizes the sample types and measure-
ment locations in all three zones for 2001. A summary of
the number and types of samples collected during 2001,
and the number of analytical results obtained from those
samples is provided in Table 4.0.2. Except for special
studies, soil and vegetation samples are only collected

every 3 to 5 years. Soil and vegetation samples were
collected in 2001.

Background concentrations were measured at distant
locations and compared with concentrations measured on
the site and at perimeter and community locations. Back-
ground locations were essentially unaffected by Hanford
Site operations (i.e., these locations could be used to

Table 4.0.1. Routine Environmental Surveillance Sample Types and
Measurement Locations, 2001

Sample Locations

(a) Surveillance Zone 1.
(b) Surveillance Zone 2.
(c) Surveillance Zone 3.
(

d)

Total Site Hanford
Type Number Onsite® Perimeter® Nearby®© Distant® Upstream® Reach® Downstream®

Air 45 24 11 8@ 2@
Spring water 8 8
Spring sediment 5 5
Columbia River 7 2 4 1
Irrigation water 2 2
Drinking water 4 4
River sediment 6 1 3 2
Ponds 2 2
Foodstuffs 7 5 2
Wildlife 6 3 1 1 1
External dose 76 29 38 7 2
External shoreline

radiation 14 14
Exposure rate 4 3 1
Soil 39 24 8 2 5
Vegetation 14 8 4 2

Includes community-operated environmental surveillance stations.

Columbia River
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Table 4.0.2. Samples Collected for the
Surface Environmental Surveillance
Project and Analytical Results
Obtained, 2001
Number of
Number of Analytical
Samples Results
Media Collected Obtained
Air 1,605 4,161
Biota 428 3,932
Soil and sediment 109 1,281
Surface water 635 6,345
Drinking water 16 64
External radiation 290 290
Totals 3,083 16,073

measure ambient environmental levels of chemicals and
radionuclides). Comparing concentrations at these back-
ground locations to concentrations measured on or near
the site indicated the impact, if any, of Hanford Site
operations.

To the extent possible, radiological dose assessments
should be based on direct measurements of dose rates
and radionuclide activities in environmental media.
However, the amounts of most radioactive materials
released from Hanford Site operations in recent years
generally have been too small to be measured directly

once dispersed in the offsite environment. For the meas-
urable radionuclides, often it was not possible to distin-
guish levels resulting from worldwide fallout and natural
sources from those associated with Hanford Site releases.
Therefore, offsite doses in 2001 were estimated using the
following methods:

® Doses from monitored air emissions and liquid
effluents released to the Columbia River were esti-
mated by applying environmental transport and dose
calculation models to measured effluent monitor-
ing data and selected environmental measurements.

e Doses from fugitive air emissions (e.g., from
unmonitored, resuspended, contaminated soils) were
estimated from measured airborne concentrations
at site perimeter locations.

e Doses from fugitive liquid releases (e.g.,
unmonitored groundwater seeping into the Colum-
bia River) were estimated by evaluating differences
in measured concentrations in Columbia River
water upstream and downstream from the Hanford
Site.

The surveillance design is reviewed annually based
on the above considerations as well as an awareness of
planned waste management and environmental restora-
tion activities. The final sampling design and schedule
are documented annually in the environmental surveil-
lance master sampling schedule (e.g., PNNL-13418 for
2001).

4.0.2 Special Studies in 2001

In August and September 2001, the Surface Envi-
ronmental Surveillance Project and the Washington
State Department of Health conducted a contaminant
characterization and biological and human dose/risk
assessment study of the Columbia River shoreline of the
300 Area. This work was also supported by Washington
State Department of Ecology and U.S. Environmental
Protection Agency (EPA) staff. Numerous samples of
river water, shoreline springs water, river bottom

4.5

porewater (within the gravels on the river bottom),
riparian and aquatic plants, terrestrial biota, and
aquatic organisms were collected and analyzed for radio-
logical and chemical contaminants. Samples were col-
lected near three known shoreline springs in the 300 Area
and from two reference sites — one upstream near the
Vernita Bridge and the other downstream of the study
area. The study results and assessment are summarized
in a technical report issued in 2002 (PNNL-13692).

Surface Environmental Surveillance




4.1 Air Surveillance

B. G. Fritz

Atmospheric releases of radioactive material from
the Hanford Site to the surrounding region are a poten-
tial source of human exposure. Radioactive constituents
in air are monitored at a network of air sampling loca-
tions on and around the Hanford Site. Detailed descrip-
tions of all routine radiological sampling and analytical
techniques are provided in the environmental moni-
toring plan (DOE/RL-91-50). Comparing measured

radionuclide concentrations from locations on and

around the Hanford Site to upwind sites assumed to be
uninfluenced by Hanford Site operations provides an
evaluation of the impact of radionuclide air emissions
from the Hanford Site. A complete listing of all radio-
logical analytical results summarized in this section
is reported separately (PNNL-13910, APP. 1). Non-
radiological, particulate monitoring data is also summa-
rized in Section 4.1.3.

411 Collection of Air Samples and Analytes Tested

Airborne radionuclide samples were collected at
45 continuously operating samplers: 24 on the Hanford
Site, 11 near the site perimeter, 8 in nearby commu-
nities, and 2 in distant communities (Figure 4.1.1 and
Table 4.1.1). Nine of the stations were community-
operated environmental surveillance stations (discussed
in Section 8.4) that were managed and operated by local
school teachers (under contract with Pacific Northwest
National Laboratory) as part of an ongoing DOE-
sponsored program to promote public awareness of
Hanford Site environmental monitoring programs. Air
samplers on the Hanford Site were located primarily
around major operational areas to maximize the ability
to detect radiological 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 (discussed in
Section 8.1). Samplers located in Basin City, Benton
City, Kennewick, Mattawa, Othello, Pasco, and
Richland provided data for the nearest population cen-
ters. Samplers in the distant communities of Toppenish
and Yakima provided background data for communities
essentially unaffected by Hanford Site operations.

Samples were collected according to a schedule
established before the monitoring year (PNNL-13418).
The air sampling locations and the analytes tested for
at each location are given in Table 4.1.1. Airborne
particles were sampled at each of these locations by con-
tinuously drawing air through a high efficiency glass-
fiber filter. The samples were transported to an analytical
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laboratory and stored for at least 72 hours. The storage
period was necessary to allow for the decay of short-
lived, naturally occurring radionuclides (e.g., radon gas
decay products) that would otherwise obscure detection
of longer-lived radionuclides potentially present from
Hanford Site emissions. The filters were then analyzed
for gross beta radioactivity, and most filters were also
analyzed for gross alpha radioactivity.

Historically, for most radionuclides, the amount of
radioactive material collected on the filter during a
2-week period has been too small for accurate analysis. In
order to increase the sensitivity and accuracy of the
analysis, biweekly samples were combined into quarterly
composite samples. The quarterly composite samples
were analyzed for specific gamma-emitting radionuclides
(see Appendix F), strontium-90, and plutonium isotopes.
Selected composite samples also were analyzed for ura-
nium isotopes.

Samples were collected for iodine-129 analysis at
four locations by drawing air through a chemically
treated, low-background petroleum-based charcoal
adsorbent cartridge. Samples were collected monthly
and combined to form quarterly composite samples for
each location.

Atmospheric water vapor was collected for tritium
analysis at 21 locations by continuously drawing air
through cartridges containing silica gel, which were
exchanged every 4 weeks. The collection efficiency of
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Table 4.1.1. Air Sampling Locations, Sample Composite Groups, and Analytes, 2001 I

Map(a)

Location

Onsite
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N

—_
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O ©o

B D N
W= O

24
Perimeter
25
26
27
28
29

30
31

32
33

34
35

Sampling Location

100 K Area
100 N-1325 Crib
100 D Area

100 F Met Tower
Hanford Townsite

N of 200 E

Eof 200 E
200 ESE
Sof 200E

B Pond

Army Loop Camp
200 Tel. Exchange
SW of B/C Crib

200 W SE

300 Water Intake
300 South Gate
300 South West

300 Trench
300 NE

400 E
400 W
400 S
400N

Wye Barricade

Ringold Met Tower
W End of Fir Road
Dogwood Met Tower
Byers Landing

Battelle Complex

Horn Rapids Substation

Prosser Barricade

Yakima Barricade
Rattlesnake Springs

Wahluke Slope
S End Vernita Bridge

Analytes®

Alpha, Beta, °H
Alpha, Beta, °H
Alpha, Beta

Alpha, Beta
Alpha, Beta

Beta

Alpha, Beta
Alpha, Beta, *H, I
Alpha, Beta

Alpha, Beta

Alpha, Beta
Alpha, Beta, *H
Alpha, Beta

Alpha, Beta

Alpha, Beta, °*H
Alpha, Beta, °*H
Alpha, Beta, °H

Alpha, Beta, *H
Alpha, Beta, *H

Alpha, Beta, °H
Alpha, Beta
Alpha, Beta
Alpha, Beta

Alpha, Beta

Alpha, Beta, *H, I
Alpha, Beta

Alpha, Beta, °H
Alpha, Beta, °H, 1
Beta

Alpha, Beta
‘H

Alpha, Beta
Alpha, Beta

Alpha, Beta, °H
Alpha, Beta

Composite Group

100 Areas

Hanford Townsite

N of 200 E
200 E Area

B Pond
200 W South East

200 West

300 Area

300 NE

400 Area

Wye Barricade

Ringold Met Tower
W End of Fir Road
Dogwood Met Tower
Byers Landing
Battelle Complex

Prosser Barricade

Yakima Barricade

Wahluke Slope

Analytes®©

Gamma, Sr, Pu

Gamma, Sr, Pu
Gamma

Gamma, Sr, Pu, U

Gamma, Sr, Pu, U
Gamma, Sr, Pu, U

Gamma, Sr, Pu, U

Gamma, Sr, Pu, U

Gamma, Sr, Pu, U

Gamma, Sr, Pu

Gamma, Sr, Pu, U

Gamma, Sr, Pu
Gamma, Sr, Pu, U
Gamma, Sr, Pu, U
Gamma, Sr, Pu, U
Gamma

Gamma, Sr, Pu, U

Gamma, Sr, Pu

Gamma, Sr, Pu
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Table 4.1.1. (contd)

Map(a)
Location

Sampling Location Analytes® Composite Group Analytes©

Nearby Communities

44
45

Distant Communities

Yakima

Toppenish®

(a) See Figure 4.1.1.

(b) Alpha (gross) and beta (gross) samples are collected and analyzed every 2 weeks, *H samples are collected and analyzed
every 4 weeks, and '¥I samples are collected every 4 weeks, combined into a quarterly composite sample and analyzed for
each location.

(¢) Gamma spectroscopy, strontium-90, isotopic plutonium (?*Pu, ?***°Pu), and isotopic uranium (?*U, ?°U, »8U) analyses
are performed on quarterly composite samples.

(d) A community-operated environmental surveillance station.

36 Basin City School@ Alpha, Beta, *H
37 Leslie Groves-Rchlnd@ Alpha, Beta, *H
38 Pasco'® Beta

39 Kennewick@ Alpha, Beta

40 Benton City?¥ Beta

41 Edwin Markham Alpha, Beta, *H

School@
42 Mattawa'® Beta
43 Othello® Beta

Alpha, Beta, *H, I
Alpha, Beta, *H

Basin City School
Leslie Groves-Rchlnd
Tri-Cities

Benton City

Edwin Markham
School

Mattawa

Othello

Yakima

Toppenish

Gamma, Sr, Pu, U
Gamma, Sr, Pu, U

Gamma, Sr, Pu

Gamma

Gamma, Sr, Pu, U

Gamma

Gamma

Gamma, Sr, Pu, U
Gamma, Sr, Pu, U

the silica gel adsorbent is discussed in Patton et al.
(1997). The collected water was distilled from the
silica gel and analyzed for its tritium content.

The samples collected at the community-operated
environmental surveillance stations were submitted to
the analytical laboratory and treated the same as all
other submitted samples.

4.1.2 Radiological Results for Air Samples

Radiological air sampling results for onsite, site
perimeter, nearby communities, and distant communi-
ties for gross alpha, gross beta, and specific radionuclides
are summarized in Table 4.1.2.

A detectable value is defined in this section as a
value reported above the minimum detectable level and
above the total propagated analytical uncertainty. A
nominal detection limit is defined as the average total
propagated analytical uncertainty of the population of
reported values.

For 2001, the average gross alpha concentrations in
air on the Hanford Site were comparable to levels meas-
ured at distant stations (see Table 4.1.2), indicating that
the onsite levels were predominantly a result of natural
sources and worldwide radioactive fallout. The average

2001 Annual Environmental Report

gross alpha concentrations for perimeter locations and
nearby communities were higher than the onsite and
distant averages. The differences between perimeter,
distant, and onsite concentrations were not statistically
significant. The average of the community samples col-
lected in 2001 was significantly higher (two-sample
means t-test, 95% confidence level) than onsite alpha
concentrations in 2001, and community samples from
1996 through 2000. Gross alpha concentrations meas-
ured onsite and at distant locations were lower in 2001
than in recent years (see Table 4.1.2). Figure 4.1.2
compares all 2001 data for the community and distant
locations. The reason the average gross alpha concen-
tration for the community locations was higher than the
average for the distant locations was a spike in early July.
This spike is suspected to be the result of laboratory
error or contamination. All of the elevated samples
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Table 4.1.2. Airborne Radionuclide Concentrations in the Hanford Environs, 2001 Compared to Previous Years I

Tritium

Gross beta

Gross alpha

Strontium-90

Iodine-129

Plutonium-238

Plutonium-

239/240

Uranium-234

Uranium-235

2001 1996-2000
Location No. of No. of No. of No. of
Group® Samples  Detections® Maximum(© Average©® Samples Detections® Maximum® Average@
pCi/m3® pCi/m3® pCi/m3® pCi/m3®
300 Area 1 1 20+ 2.3 55+ 76 291 197 25+ 3.0 29+69
Onsite 63 39 13+1.9 2.4+ 40 316 158 79+ 19 1425
Perimeter 78 56 36+ 3.6 36+93 318 119 2423 14+4.1
Nearby communities 37 28 8.1+1.2 2.7+ 4.0 188 81 15+ 1.3 1.8+ 49
Distant communities 26 13 48+ 1.1 1.6 2.1 130 34 79+ 1.1 1.0+ 2.6
Onsite 612 611 0.054 + 0.0087 0.016 £ 0.017 2,721 2,714 0.084 + 0.014 0.016 £ 0.018
Perimeter 288 288 0.050 + 0.0080 0.016 £ 0.017 1,125 1,124 0.098 + 0.010 0.016 £ 0.019
Nearby communities 210 210 0.045 £+ 0.0074 0.017 £ 0.018 1,047 1,046 0.059 £ 0.0060 0.016 £ 0.017
Distant communities 58 58 0.037 £ 0.0062 0.015 £ 0.016 282 281 0.059 £ 0.010 0.014 £ 0.016
aCi/m®@ aCi/m®@ aCi/m*© aCi/m®@
Onsite 612 378 2,800 + 1,100 480 + 810 2,519 1,803 5,500 £ 1,300 640 + 810
Perimeter 288 187 5,100 £ 1,300 530 + 1,200 1,034 784 2,600 + 1,200 650 + 1,200
Nearby communities 112 83 6,300 £ 1,700 720 £ 1,700 551 396 3,200 £ 1,100 660 * 1,700
Distant communities 58 33 2,300 + 820 440 + 890 282 190 5,500 £ 1,900 590 + 890
Onsite 40 5 230 + 59 18 + 120 108 36 340 + 130 33+ 110
Perimeter 28 2 60 = 59 5.3 % 66 1 16 390 + 79 21 + 100
Nearby communities 16 0 53 £ 66 3.0+ 51 44 9 210 + 190 29 £ 100
Distant communities 8 0 14 £ 56 -29 + 63 22 2 79 + 37 11+ 83
Onsite 4 4 18+ 2.5 13+ 8.4 20 20 50 + 12 25+ 18
Perimeter 8 8 0.82 + 0.085 0.45 £ 0.38 40 40 1.9 £ 0.20 0.78 £ 0.90
Distant communities 4 4 0.077 £ 0.016 0.052 £ 0.057 20 20 0.22 £ 0.015 0.059 £ 0.090
Onsite 40 4 53+ 1.7 0.017 £ 2.6 108 2 29+58 -0.050 = 1.0
Perimeter 28 0 090+ 1.9 -0.37 £ 0.78 1 1 19+14 -0.080 + 0.80
Nearby communities 16 0 1.1+ 2.1 -0.22+ 1.0 44 1 15+£18 011+ 1.1
Distant communities 8 0 0.15+ 1.8 -0.53 £ 0.69 22 0 031+18 -0.29 £ 0.67
Onsite 40 16 36 + 6.4 30+ 13 108 42 12+£25 1.1 +4.1
Perimeter 28 1 52+125 041 +2.2 7 13 43+20 048 £ 1.7
Nearby communities 16 1 14+19 0.18 + 1.1 44 7 1.7+£23 040+ 1.0
Distant communities 8 0 1.6 2.1 0.19 % 1.6 22 2 32129 03219
Onsite 32 31 32+ 123 18+ 13 88 83 85+ 21 22 + 36
Perimeter 16 16 64 £ 19 28 £ 31 44 44 135 + 32 30 + 46
Nearby communities 12 12 38+ 13 23+123 33 32 54 =17 26 = 27
Distant communities 8 8 27+ 11 13+13 22 21 41+ 15 18+ 17
Onsite 32 1 1.9+ 43 0.21+2.1 88 8 3.7+217 0.52+23
Perimeter 16 0 2.7+2.8 048+ 1.9 44 7 6.0+ 6.0 0.89 + 3.1
Nearby communities 12 0 6.1 +8.1 0.70 £ 4.9 33 5 6.2+5.6 0.65 % 3.2
Distant communities 8 0 0.67+29 0.30 + 0.40 22 0 70+93 041 +4.2

Derived
Concentration
Guide®

pCi/m3®
100,000

No standard

aCi/m3@

No standard

9,000,000

70,000,000

30,000

20,000

90,000

100,000
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Table 4.1.2. (contd)

2001 1996-2000
Location No. of No. of No. of No. of

Radionuclide Group® Samples  Detections® Maximum® Average©® Samples Detections® Maximum® Average®
aCi/m*@ aCi/m*@ aCi/m@ aCi/m*@

Uranium-238 Onsite 32 29 42 £ 17 16 + 14 88 80 92 £ 27 20+ 35

Perimeter 16 16 50+ 16 25+ 26 44 42 136 + 32 28 £ 45

Nearby communities 12 11 52+ 16 23+ 125 33 32 56 £ 18 23+ 25

Distant communities 8 8 24+ 10 14+ 11 22 22 33+ 15 17+ 16
Cobalt-60 Onsite 49 1 3,300 + 750 190 £ 1,100 228 17 3,800 + 2,500 74 + 780
Perimeter 33 0 910 + 740 -32 + 600 159 9 1,000 £ 530 8.0 £ 840
Nearby communities 29 0 680 £ 650 180 £+ 600 120 4 1,800 £ 3,600 -5.3 £ 930
Distant communities 9 0 450 + 120 20 + 700 44 4 680 + 440 125 + 530
Cesium-137 Onsite 49 1 480 + 300 10 £ 470 228 11 710 £ 530 -3.2 £ 600
Perimeter 33 0 650 £ 600 80 + 380 159 6 1,200 + 2,000 6.8 + 640
Nearby communities 29 0 450 * 490 75 + 480 120 8 2,100 + 3,100 47+ 710
Distant communities 9 0 400 + 510 100 £ 420 44 1 390 £+ 290 9.1 £ 520

(a)

(c)
(d)
(e)
(f)
(2)

Location groups are identified in Table 4.1.1.

Detection is defined as a value reported above the minimum detectable activity and above the total propagated analytical uncertainty.
Maximum single sample result # total analytical uncertainty. Negative concentration values are explained in Appendix A.
Average of all samples +2 times the standard deviation.

DOE derived concentration guide (see Appendix D, Table D.5).

1 pCi = 0.037 Bq.

There are 1 million attocuries (aCi) in 1 picocurie (pCi).

Derived
Concentration
Guide®

aCi/m*@

100,000

80,000,000

400,000,000



0.007

0.006

- -+ - Community
—=— Distant

0.005 -

o
o
S
Iy

[

o
o
S
@

Concentration, pCi/m®

0.002

0.001 4

0

1-Jan 5-Feb 12-Mar 16-Apr

21-May  25-Jun

. Figure 4.1.2. Gross Alpha Concentrations in Airborne Particulate Samples, 2001 (1 pCi = 0.037 BQq) I;

30-Jul 3-Sep 8-Oct 12-Nov 17-Dec  21-Jan

were analyzed in the same batch, and the locations of the
elevated samples make it highly unlikely that the
increased values are a result of actual environmental
concentrations.

Gross beta concentrations in air for 2001 (Fig-
ure 4.1.3) peaked during the winter, repeating a pattern
of natural annual radioactivity fluctuations (Eisenbud
1987). The average gross beta concentration was slightly
higher at the site perimeter than the annual average
concentration at the distant location; however, the
difference was not statistically significant (two-tailed
t-test, 5% significance level). The 2001 average values
were similar to the average values reported for 1996

through 2000 (see Table 4.1.2).

Average tritium concentrations measured in 2001
were slightly higher than values reported for 1996
through 2000 (see Table 4.1.2 and Figure 4.1.4). For
non-300 Area samples in 2001, ~67% were considered
detected (the analytical method is capable of detecting
concentrations below 3 pCi/m’® [0.11 Bg/m’]). All
300 Area sample results were above the minimum
detectable concentration. Tritium releases in the
300 Area (associated with research and development
activities; see Table 3.1.1) resulted in 300 Area concen-
trations that were elevated relative to other sampling
locations. Figure 4.1.4 shows the 2001 average tritium
concentrations for all distance classes between 1996 and
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2001, and the tritiated water released from the 300 Area
for each year. More tritium was released from the
300 Areain 2001 than in 2000, accounting for the
increase in averages from 2000 to 2001. Despite the
slight increase in tritium emissions in 2001, the highest
measured concentration (36 pCi/m’ [1.3 Bg/m’])
detected at location 29 on Figure 4.1.1 on October 2,
2001 was only 0.036% of the DOE derived concentra-
tion guide (see Appendix D, Table D.5)

The annual average tritium concentration meas-
ured at the site perimeter (3.6 £ 9.3 pCi/m’® [0.13 %
0.34 Bq/m’]) was significantly higher (two-tailed t-test,
5% significance level) than the annual average value at
the distant locations (1.6 = 2.1 pCi/m? [0.059 %
0.078 Bg/m’]). This difference is largely influenced by
the proximity of locations 28 and 29 (see Figure 4.1.1)
to the 300 Area (<3.2 kilometers [2 miles]). However,
even with these two locations removed, the difference
between perimeter and distant sampling locations is sta-
tistically significant. The significant difference between
distant and perimeter locations indicate a detectable
Hanford source of tritium. However, the annual average
tritium concentration measured at the site perimeter in
2001 was less than 0.004% of the DOE derived concen-
tration guide (100,000 pCi/m® [3,704 Bg/m’]; DOE
Order 5400.5). For further evaluation of the trends in
tritium concentration on and around the Hanford Site,
see PNNL-13909.

Air Surveillance
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Figure 4.1.3. Gross Beta Concentrations in Airborne Particulate Samples, 1996 through 2001
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A total of 94 samples were analyzed for strontium-90
in 2001 (see Table 4.1.2). Only 7.6% (7 of 92) samples
analyzed were above the detection limit. Comparison
of the average reported concentration at different dis-
tance classes was impossible due to the low number of
samples above the minimum detectable concentration.
The highest measured strontium-90 concentration
(2304 59 aCi/m’ [8.5 + 2.2 (Bg/m’]) was in the 100 Areas
composite sample in the third quarter of 2001. This
maximum value was 0.0026% of the DOE derived con-
centration guide (9 million aCi/m? [0.33 Bg/m?]).

lodine-129 analyses were performed on samples col-
lected onsite at a location downwind of the Plutonium-
Uranium Extraction Plant, at two downwind perimeter
locations, and at a distant location (Yakima) in 2001
(see Table 4.1.1). Onsite concentrations in 2001 were
elevated compared to those measured at the site perim-
eter, and perimeter levels were higher than those meas-
ured at the distant location, Yakima (Figure 4.1.5 and
Table 4.1.2). Concentration differences between these
locations were statistically significant (log transformed,
two-tailed t-test, 5% significance level) and indicated a
Hanford source. Onsite and perimeter air concentrations
have remained at their respective levels from 1996
through 2001 (see Figure 4.1.5). Onsite air concentra-
tions of iodine-129 were influenced by minor emissions
(0.00084 curie [31 MBq]; see Table 3.1.1) from the
Plutonium-Uranium Extraction Plant and possible
releases from waste storage tanks and cribs. The annual
average iodine-129 concentration (0.45 £ 0.38 aCi/m’
[0.017 £ 0.014 puBg/m’]) at the downwind perimeter in
2001 was less than 0.000001% of the DOE derived con-
centration guide (70 million aCi/m’ [2.6 Bg/m’]).

=== Air, 1996 through 2001 (1 aCi = 37 kBq)
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Plutonium-238 was detected in four of the onsite
composite samples in 2001 (nominal detection limit of
1.8 aCi/m’ [0.067 pBq/m’]). The four samples were all
from the 100 Areas composite group. The maximum
reported plutonium-238 concentration in 2001 was 5.3 £
1.7 aCi/m? (0.1 £ 0.063 puBg/m?), or five thousand times
below the DOE derived concentration guide for
plutonium-238 (30,000 aCi/m’ [1.1 mBg/m’]).

The average plutonium-239/240 concentrations
detected in onsite and offsite air samples are given in
Table 4.1.2 and Figure 4.1.6. The annual average air
concentration of plutonium-239/240 at the site perim-
eter was 0.41 + 2.2 aCi/m’ (0.015 £ 0.081 pBg/m?),
which was 0.002% of the DOE derived concentration
guide (20,000 aCi/m? [741 (Bg/m’]). The annual average
air concentrations appeared to be higher for the site
perimeter locations than the distant locations; how-
ever, the difference was not statistically significant (log
transformed, two-tailed t-test, 5% significance level).
The maximum Hanford Site plutonium-239/240 air
concentration (36 + 6.4 aCi/m’ [1.3 £ 0.2 uBg/m’]) was
observed for the 100 Areas composite sample (loca-
tions 1, 2, and 3 on Figure 4.1.1). This represented less
than 0.18% of the DOE derived concentration guide
(20,000 aCi/m’ [741 (Bq/m’]) for plutontium-239/240.

Average isotopic uranium concentrations
(uranium-234, -235, and -238) in airborne particulate
matter in 2001 were similar to average concentrations
between 1996 and 2000 for all distance classes (see
Table 4.1.2 and Figure 4.1.7). The 2001 annual average

uranium-238 concentration for the site perimeter was
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Figure 4.1.6. Annual Average Plutonium-239/
. 240 Concentrations (+2 standard deviations)

in Air, 1996 through 2001 (1 aCi = 37 kBq)
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Figure 4.1.7. Annual Average Uranium-238
Concentrations (+2 standard deviations) in
Air, 1996 through 2001 (1 aCi = 37 kBq)

25 £ 26 aCifm? (0.93 £ 0.96 uBg/m?), which is less than
0.03% of the DOE derived concentration guide
(100,000 aCi/m’ [3.7 mBg/m’]).

Quarterly composite samples were analyzed by
gamma spectroscopy. Naturally occurring beryllium-7
and potassium-40 were routinely identified. The poten-
tial Hanford-origin gamma-emitting radionuclides of
cobalt-60 and cesium-137 were of particular interest.
Cobalt-60 and cesium-137 results for 2001 samples are
included in Table 4.1.2. Of the 120 samples analyzed by
gamma spectroscopy, only one had cobalt-60 or
cesium-137 concentrations measured above the mini-
mum detectable activity. This sample was collected
from the 100 Areas composite group during the second
quarter of 2001. The detected sample had a cobalt-60
concentration of 3,300 £ 750 aCi/m? (120 £ 28 uBq/m’),
and a cesium-137 concentration of 480 + 300 aCi/m’
(18 £ 11 uBg/m’). The cobalt-60 concentration was
0.004% of the DOE derived concentration guide for
cobalt-60. For cesium-137, the sample with the highest
measured concentration was collected at location 28
during the third quarter (650 + 600 aCi/m’ [24 *
22 uBg/m’]). This maximum was 0.00016% of the
DOE derived concentration guide (400 million aCi/m?
[14.8 Bg/m?]) for cesium-137.

4.1.3 Air Particulate Monitoring

Airborne particulate matter (dust) is one of the
U.S. Environmental Protection Agency’s (EPA’s)
criteria pollutants. The EPA classifies particulate matter
by particle size. PM, is defined as a particle having an
aerodynamic diameter less than 10 micrometers. Simi-
larly, PM, ; is defined as a particle having an aerody-
namic diameter <2.5 micrometers (a sample of PM,
includes PM,,). The EPA’s National Ambient Air
Quality Standard for PM, | requires less than a 150 pg/m’
for a 24-hour average concentration, and less than a
50 pg/m’ annual average. There is currently no EPA
standard for PM, .. Health risk studies have shown a
positive correlation between increases in concentrations
of airborne particulate matter and increased hospital
admissions for pulmonary and heart conditions
(Schwartz 1994; Morgan et al. 1998; Ostro et al. 1999).
Various studies have indicated that a 100 pPg/m’ increase
in PM,  concentrations (difference between EPA
24-hour and annual averages) has a relative risk® of
~1.17 for hospital admissions for pneumonia and
chronic obstructive pulmonary disorder (Schwartz 1994).
Similar relationships were found between PM,  con-
centrations and daily human mortality in areas where

windblown dust was the main contributor to high
PM,  concentrations (similar to the Hanford Site)
(Ostro et al. 1999).

In February of 2001, continuous monitoring of par-
ticulate matter mass concentrations in air on the
Hanford Site began. The motivation for this was the
decrease in vegetative cover on a large portion of the
site after the 24 Command Fire in 2000 (PNNL-13487)
as well as information requests from the public. It was
theorized that the decrease in vegetative cover would
result in increased wind erosion, and subsequently,
increased particulate matter concentrations in air. Par-
ticulate monitoring was done with a tapered element
oscillating microbalance located at the base of the
Hanford Meteorological Station’s meteorological tower
located between the 200-East and 200-West Areas (see
Figure 4.1.1). The tapered element oscillating micro-
balance collected sample continuously, and PM  data
were gathered throughout most of 2001.

Figure 4.1.8 shows the daily average PM,  concen-
trations recorded at the Hanford Meteorological Station

(a) Relative risk here refers to the increase in hospital admissions after PM,  levels rise. When PM, increased by 100 pg/m’, a 17%
increase in hospital admissions for pneumonia and chronic obstructive pulmonary disorder occurred.
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during 2001. The EPA 24-hour standard for PM
(150 pg/m?®) was exceeded four times during 2001
(March 13, March 25, April 17, October 23). However,
the Hanford Site is not required to meet the EPA stan-
dard. The Benton Clean Air Authority maintains an
air monitoring network that is responsible for determin-
ing Benton County’s compliance with the EPA standards
for ambient air quality pollutant concentrations, which
includes PM . The 4 days that exceeded the EPA stan-
dard at the Hanford Meteorological Station were days
characterized by dry, windy conditions.

By the end of October 2001, three additional tapered
element oscillating microbalances were purchased and
installed. One of these instruments was installed at the
Hanford Meteorological Station and configured to moni-
tor PM, .. The other two instruments were installed at
the 300 Area meteorological tower (see Figure 4.1.1) and
configured to measure PM!° and PM?3. Figure 4.1.9

illustrates data collected after all four tapered element

4.17

oscillating microbalances were installed. Although Fig-
ure 4.1.9 represents less than 20% of the calendar year,
the trend it reveals is expected to continue into 2002.
The particulate concentrations are generally low, con-
sisting mainly of PM, . (PM, ; = PM, ), and show little
spatial variability. This indicates that most of the meas-
ured particulate matter on these low concentration days
is not generated locally, but transported into the region,
since larger PM | particles do not remain suspended in
air as long as smaller PM, ; particles. On the other
hand, on the day with high particulate matter concen-
tration (December 1), the PM,  concentration was much
larger than the PM, ; concentration. Also, the higher
PM; levels at the Hanford Meteorological Station on
December 1 compared to the 300 Area might reflect
the 200 Areas’ proximity to the area burned by the 2000
range fire. Similar to other days in 2001 with high
PM concentrations, December 1 had high winds (gusts
>80 km/h [>50 mph]).

Air Surveillance
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4.2 Surface Water and
Sediment Surveillance

G. W. Patton

Samples of surface water and sediment on and near
the Hanford Site were collected and analyzed to deter-
mine the potential impact to the public and to the aquatic
environment from Hanford-originated radiological and
chemical contaminants. Surface-water bodies included
in routine surveillance were the Columbia River and
associated riverbank springs, onsite ponds, and irrigation
sources (Figure 4.2.1). Sediment surveillance was

conducted for the Columbia River and riverbank
springs. Tables 4.2.1 and 4.2.2 summarize the sampling
locations, types, frequencies, and analyses included in
surface water and sediment surveillance during 2001.
This section describes the surveillance efforts and sum-
marizes the results for these aquatic environments.
Detailed analytical results are reported in PNNL-13910,
APP. 1.

4.2.1 Columbia River Water

The Columbia River is the second largest river in
the continental United States in terms of total flow
and is the dominant surface-water body on the Hanford
Site. The original selection of the Hanford Site for
plutonium production and processing was based, in part,
on the abundant water supply offered by the river. The
river flows through the northern edge of the site and
forms part of the site’s eastern boundary. The river is used
as a source of drinking water for onsite facilities and
communities located downstream from the Hanford
Site. Water from the river downstream of the site also
is used for crop irrigation. In addition, the Hanford
Reach of the Columbia River is used for a variety of
recreational activities, including hunting, fishing, boat-
ing, water-skiing, and swimming.

Originating in the mountains of eastern British
Columbia, the Columbia River and its tributaries drain
an area of ~670,000 square kilometers (260,000 square
miles) en route to the Pacific Ocean. The flow of the
river is regulated by three dams in Canada and eleven
dams in the United States, seven upstream and four
downstream of the Hanford Site. Priest Rapids Dam is
the nearest upstream dam and McNary Dam is the near-
est downstream dam from the site. The Hanford Reach
of the Columbia River extends from Priest Rapids Dam
to the head of Lake Wallula (created by McNary Dam)
near Richland, Washington. The Hanford Reach is the
last stretch of the Columbia River in the United States
above Bonneville Dam that remains unimpounded.

4.19

River flow through the Hanford Reach fluctuates
significantly and is controlled primarily by operations
at Priest Rapids Dam. Annual average flows of the
Columbia River below Priest Rapids Dam are usually
around 3,400 cubic meters (120,000 cubic feet) per
second (WA-94-1). In 2001, however, the Columbia
River had below normal flows; the average daily flow
rate below Priest Rapids Dam was 2,140 cubic meters
(75,700 cubic feet) per second. The peak monthly aver-
age flow rate occurred during January (3,820 cubic
meters [135,000 cubic feet] per second) (Figure 4.2.2).
The lowest monthly average flow rate occurred during
July (1,600 cubic meters [56,600 cubic feet] per second).
Daily flow rates varied from 1,040 to 3,820 cubic meters
(36,800 to 135,000 cubic feet) per second during 2001.
As a result of fluctuations in discharges, the depth of the
river varies significantly over time. River stage (surface
level) may change along the Hanford Reach by up to
3 meters (10 feet) within a few hours (Section 3.3.7 in
PNL-10698). Seasonal changes of approximately the
same magnitude are also observed. River-stage fluctua-
tions measured at the 300 Area are approximately half
the magnitude of those measured near the 100 Areas
because of the effect of the pool behind McNary Dam
(PNL-8580) and the relative distance of each area from
Priest Rapids Dam. The width of the river varies from
~300 to 1,000 meters (~980 to 3,300 feet) through the
Hanford Site.

Hanford pollutants, both radiological and chemical,
enter the Columbia River along the Hanford Reach. In
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addition to permitted direct discharges of liquid effluents
from Hanford facilities, contaminants in groundwater
from past operational discharges to the ground seep
into the river (DOE/RL-92-12; PNL-5289; PNL-7500;
WHC-SD-EN-TI-006). Effluents from each direct dis-
charge point are monitored routinely and reported by
the responsible operating contractor (see Section 3.1).
Direct discharges are identified and regulated for non-
radiological constituents under the National Pollutant
Discharge Elimination System in compliance with the
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Clean Water Act. The discharges permitted at the
Hanford Site by National Pollutant Discharge Elimina-
tion System are summarized in Section 2.2.8.

Washington State has classified the stretch of the
Columbia River from Grand Coulee Dam to the
Washington-Oregon border, which includes the Hanford
Reach, as Class A, Excellent (WAC 173-201A). Water
quality criteria and water use guidelines have been
established in conjunction with this designation and
are provided in Appendix D (Table D.1).



Table 4.2.1. Surface Water Surveillance, 2001 I

Location Sample Type Frequency® Analyses
Columbia River - Radiological
Priest Rapids Dam and Richland Cumulative M Comp® Alpha, beta, lo °H,© *Sr, ¥ Tc, U@
Pumphouse Q Comp® 1291
Particulate (filter) M Cont® Gamma energy analysis
Q Cont® Pu®™
Soluble (resin) M Cont Gamma energy analysis
Q Cont Pu
Vernita Bridge and Richland
Pumphouse Grab (transects) Q lo °H, *°Sr, U
100-F, 100-N, 300, and Hanford
town site Grab (transects) A lo °H, *°Sr, U
Columbia River - Non-Radiological
Vernita Bridge and Richland Grab Q NASQAN, temperature, dissolved oxygen,
Pumphouse®” turbidity, pH, alkalinity, anions, suspended

solids, dissolved solids, specific conductance,
hardness (as CaCO,), Ca, P, Cr, Mg,
N-Kjeldahl, Fe, NH,, NO, + NO,

Grab (transects) Q ICPY metals, anions
Grab (transects) A VOA®

100-F, 100-N, 300, and Hanford

town site Grab (transects) A ICP metals, anions

Onsite Ponds

West Lake Grab Q Alpha, beta, *H, *°Sr, “Tc, U, gamma
energy analysis

Fast Flux Test Facility pond Grab Q Alpha, beta, *H, gamma energy analysis

Offsite Irrigation Water

Riverview irrigation canal Grab 3/year Alpha, beta, *H, *°Sr, U, gamma energy
analysis

Horn Rapids Grab A Alpha, beta, *°H, *°Sr, U, gamma energy
analysis

Riverbank Springs

100-H Area Grab A Alpha, beta, *H, *°Sr, *Tc, U, gamma
energy analysis, ICP metals, anions

100-F Area Grab A Alpha, beta, *H, *°Sr, U, gamma energy
analysis, ICP metals, anions, VOA

100-B Area Grab A Alpha, beta, *H, *°Sr, *Tc, gamma
energy analysis, ICP metals, anions, VOA

100-D, 100-K, and 100-N Areas Grab A Alpha, beta, *H, *°Sr, gamma energy
analysis, ICP metals, anions, VOA
(100-K Area only)

Hanford town site Grab A Alpha, beta, °H, '*I, *°Sr, T, U,

gamma energy analysis, ICP metals, anions
300 Area Grab A Alpha, beta, *H, '*I, °Sr, gamma energy
analysis, ICP metals, anions, VOA

(a) A = Annually; M = Monthly; Q = Quarterly; Comp = Composite.

(b) M Comp indicates river water was collected hourly and composited monthly for analysis.

(c) lo’H = Low-level tritium analysis (10-pCi/L detection limit), which includes an electrolytic preconcentration.

(d) U = Isotopic uranium-234, -235, and -238.

(e) Collected weekly and composited for quarterly analysis.

(f) M Cont = River water was sampled for 2 wk by continuous flow through a filter and resin column and multiple samples
were composited monthly for analysis.

(g) Q Cont = River water was sampled for 2 wk by continuous flow through a filter and resin column and multiple samples
were composited quarterly for analysis.

(h) Pu = Isotopic plutonium-238 and -239/240.

(i)  Numerous water quality analyses are performed by the U.S. Geological Survey in conjunction with the National Stream
Quality Accounting Network (NASQAN) Program.

(j)  ICP = Inductively coupled plasma analysis method.

(k) VOA = Volatile organic compounds.

4.21 Surface Water and Sediment Surveillance



Table 4.2.2. Sediment Surveillance, 2001 I

Location® Freguency

River

Priest Rapids Dam: A©

2 locations near the dam
White Bluffs Slough A
100-F Slough A
Hanford Slough A
Richland A
A

McNary Dam:
2 locations near the dam

Ice Harbor Dam:
3 locations near Levy Landing

>

Springs®

100-B Area
100-K Area
100-N Area
100-F Area
Hanford town site springs

300 Area

B e

(a) See Figure 4.2.1.

(c) Pu = Isotopic plutonium-238 and -239/240.
(d) ICP = Inductively coupled plasma analysis method.
(e) A = Annually.

(f) Sediment is collected when available.

(b) U = Uranium-235 and -238 analyzed by low-energy photon analysis.

Analyses

All river sediment analyses included gamma energy
analysis, °°Sr, U®, Pu®, ICPY metals

All springs sediment analyses included gamma
energy analysis, *°Sr, U, ICP metals

4211 Collection of River-
Water Samples and Analytes
of Interest

Samples of Columbia River water were collected
throughout 2001 at the locations shown in Figure 4.2.1.
Samples were collected from fixed-location monitoring
stations at Priest Rapids Dam and the Richland Pump-
house and from Columbia River transects and near-
shore locations near the Vernita Bridge, 100-F Area,
100-N Area, Hanford town site, 300 Area, and Richland
Pumphouse. Samples were collected upstream from
Hanford Site facilities at Priest Rapids Dam and Vernita
Bridge to provide background data from locations unaf-
fected by site operations. Samples were collected from all
other locations to identify any increase in contaminant
concentrations attributable to Hanford operations. The
Richland Pumphouse is the first downstream point of
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Columbia River water withdrawal for a municipal
drinking water supply.

The fixed-location monitoring stations at Priest
Rapids Dam and the Richland Pumphouse consisted of
both an automated sampler and a continuous flow
system. Using the automated sampler, unfiltered samples
of Columbia River water (cumulative samples) were
obtained hourly and collected weekly. Weekly samples
were combined into monthly composite samples for
radiological analyses (see Table 4.2.1). Using the con-
tinuous flow system, particulate and soluble constituents
in Columbia River water were collected by passing
water through a filter and then through a resin column.
Filter and resin samples were exchanged approximately
every 14 days and were combined into quarterly com-
posite samples for radiological analyses. The river sam-

pling locations and the methods used for sample
collection are discussed in detail in DOE/RL-91-50.
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Figure 4.2.2. Mean, Maximum, and Minimum
Monthly Columbia River Flow Rates at Priest
Rapids Dam, 2001

Radionuclides of interest were selected for analysis
based on

e their presence in effluents discharged from site
facilities or in near-river groundwater underlying

the Hanford Site

¢ their importance in determining water quality, veri-
fying effluent control and monitoring systems, and
determining compliance with applicable standards.

Analytes of interest in water samples collected from
Priest Rapids Dam and the Richland Pumphouse
included gross alpha, gross beta, selected gamma
emitters, tritium, strontium-90, technetium-99,
iodine-129, uranium-234, -235, -238, plutonium-238,
and plutonium-239/240. Gross alpha and beta measure-
ments are indicators of the general radiological quality
of the river and provide a timely indication of change.
Gamma energy analysis provides the ability to detect
numerous specific radionuclides (see Appendix F). Sen-
sitive radiochemical analyses were used to determine the
concentrations of tritium, strontium-90, technetium-99,
iodine-129, uranium-234, -235, -238, plutonium-238, and
plutonium-239/240 in river water during the year. Ana-
lytical detection levels for all radionuclides were less
than 12% of their respective water quality criteria levels
(see Appendix D, Tables D.1 and D.2).

Transect sampling (multiple samples collected along
a line across the Columbia River) was initiated as a result
of findings of a special study conducted during 1987 and
1988 (PNL-8531). That study concluded that, under
certain flow conditions, contaminants entering the river
from the Hanford Site are not completely mixed when

4.23

sampled at routine monitoring stations located down-
river. Incomplete mixing results in a slightly conserva-
tive (high) bias in the data generated using the routine,
single-point, sampling system at the Richland Pump-
house. In 1999, the transect sampling strategy was
modified, with some of the mid-river sampling points
shifted to near-shore locations in the vicinity of the
transect. For example, at the 100-N Area instead of
collecting ten evenly-spaced cross-river transect sam-
ples, only six cross-river samples were collected, and the
other four samples were obtained at near-shore loca-
tions. This sampling pattern allows the cross-river con-
centration profile to be determined and provides
information over a larger portion of the Hanford shore-
line where the highest contaminant concentrations
would be expected. The Vernita Bridge and the Rich-
land Pumphouse transects and near-shore locations
were sampled quarterly during 2001. Annual transect
and near-shore sampling was conducted at the
100-F Area, 100-N Area, Hanford town site, and
300 Area locations in late summer when river flows
were low.

Columbia River transect water samples collected in
2001 were analyzed for both radiological and chemical
contaminants (see Table 4.2.1). Metals and anions
were selected for analysis following reviews of existing
surface-water and groundwater data, various remedial
investigation/feasibility study work plans, and prelimi-
nary Hanford Site risk assessments (DOE/RL-92-67;
PNL-8073; PNL-8654; PNL-10400; PNL-10535). All
radiological and chemical analyses of transect samples
were performed on grab samples of unfiltered water,
except for metals analyses, which were performed on
both filtered and unfiltered samples.

In addition to radiological monitoring conducted,
non-radiological water quality monitoring was per-
formed by the U.S. Geological Survey. Samples were
collected along Columbia River transects quarterly at
the Vernita Bridge and the Richland Pumphouse (see
Appendix B, Table B.5). Sample analyses were per-
formed at the U.S. Geological Survey laboratory in
Denver, Colorado for numerous physical parameters
and chemical constituents.

4.2.1.2 Radiological Results
for River-Water Samples

Fixed Location Sampling. Results of the radio-
logical analyses of Columbia River water samples
collected at Priest Rapids Dam and the Richland
Pumphouse during 2001 are reported in PNNL-13910,
APP. 1 and summarized in Appendix B (Tables B.1

and B.2). These tables also list the maximum and

Surface Water and Sediment Surveillance




mean concentrations of selected radionuclides
detected in Columbia River water in 2001 and during
the previous 5 years. All radiological contaminant con-
centrations measured in Columbia River water in 2001
were less than DOE derived concentration guides (DOE
Order 5400.5) and Washington State ambient surface-
water quality criteria (WAC 173-201A and 40 CFR 141;
see Appendix D, Tables D.5, D.3, and D.2). Significant
results are discussed in the following paragraphs, and
comparisons to previous years are provided.

Radionuclide concentrations monitored in Colum-
bia River water were low throughout the year. During
2001, the radionuclides consistently detected in river
water greater than two times their associated total
propagated analytical uncertainty included tritium,
strontium-90, iodine-129, uranium-234, -238,
plutonium-239/240, and naturally occurring beryllium-7
and potassium-40. The concentrations of all other radio-
nuclides were typically below detection limits. Tritium,
strontium-90, iodine-129, and plutonium-239/240 exist
in worldwide fallout, as well as in effluents from Han-
ford facilities. Tritium and uranium occur naturally in
the environment, in addition to being present in Han-
ford Site effluents.

Figures 4.2.3 and 4.2.4 illustrate the average
annual gross alpha and gross beta concentrations,
respectively, at Priest Rapids Dam and the Richland
Pumphouse during the past 6 years. The 2001 average
gross alpha and gross beta concentrations were similar
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Figure 4.2.3. Annual Average Gross Alpha
Concentrations (+2 standard deviations) in
Columbia River Water, 1996 through

2001 (AWQS = ambient water
quality standard)
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Figure 4.2.4. Annual Average Gross Beta
Concentrations (+2 standard deviations)
. in Columbia River Water, 1996 through

2001 (AWQS = ambient water
quality standard)

to those observed during recent years. Monthly measure-
ments at the Richland Pumphouse in 2001 were not
statistically higher than those measured at Priest Rapids
Dam. Unless otherwise noted in this section, the statis-
tical tests for differences are paired sample comparisons
and two-tailed t-tests, 5% significance level. The average
alpha concentration in Columbia River water at the
Richland Pumphouse in 2001 was less than the state
ambient surface-water quality criteria level of 15 pCi/L

(0.56 Bg/L).

Figure 4.2.5 compares the annual average tritium
concentrations at Priest Rapids Dam and Richland
Pumphouse from 1996 through 2001. Statistical analysis
indicated that monthly tritium concentrations in river
water samples at the Richland Pumphouse were higher
than concentrations in samples from Priest Rapids
Dam. However, 2001 average tritium concentrations
in Columbia River water collected at the Richland
Pumphouse were only 0.4% of the state ambient
surface-water quality criteria level of 20,000 pCi/L
(740 Bg/L). Onsite sources of tritium entering the river
include groundwater seepage and direct discharge from
permitted outfalls located in the 100 Areas (see Sec-
tions 3.1 and 7.1). Tritium concentrations measured at
the Richland Pumphouse, while representative of river
water used by the city of Richland for drinking water,
tend to overestimate the average tritium concentrations
across the river at this location (PNL-8531). This bias is
attributable to the contaminated 200 Areas’ groundwater
plume entering the river along the portion of shoreline
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Figure 4.2.5. Annual Average Tritium Concen-
trations (+2 standard deviations) in Columbia ||
- River Water, 1996 through 2001 (AWQS = [~
ambient water quality standard)

extending from the Hanford town site to below the
300 Area, which is relatively close to the Richland
Pumphouse sample intake. This plume is not completely
mixed within the river at the Richland Pumphouse.
Sampling along cross-river transects at the pumphouse
during 2001 confirmed the existence of a concentration
gradient in the river under certain flow conditions and is
discussed subsequently in this section. The extent to
which samples taken from the Richland Pumphouse over-
estimate the average tritium concentrations in the
Columbia River at this location is variable and appears
to be related to the flow rate of the river just before and
during sample collection.

The annual average strontium-90 concentrations in
Columbia River water collected from Priest Rapids Dam
and the Richland Pumphouse from 1996 through 2001
are presented in Figure 4.2.6. Levels observed in 2001
were similar to those reported previously. Groundwater
plumes containing strontium-90 enter the Columbia
River throughout the 100 Areas (see Section 6.1.6.1).
Some of the highest strontium-90 levels that have been
found in onsite groundwater are the result of past dis-
charges to the 100-N Area liquid waste disposal facilities.
Despite the Hanford Site source, there was no statistical
difference between monthly strontium-90 concentrations
at Priest Rapids Dam and the Richland Pumphouse in
2001. Average strontium-90 concentrations in Columbia
River water at the Richland Pumphouse were less than
0.8% of the 8-pCi/L (0.30-Bg/L) state ambient surface-
water quality criteria level.
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Figure 4.2.6. Annual Average Strontium-90
Concentrations (+2 standard deviations)
— in Columbia River Water, 1996 through

2001 (AWQS = ambient water quality
standard)

Annual average total uranium concentrations (i.e.,
the sum of uranium-234, -235, -238) at Priest Rapids
Dam and the Richland Pumphouse for 1996 through
2001 are shown in Figure 4.2.7. Total uranium con-
centrations observed in 2001 were similar to those
observed during recent years. Monthly total uranium
concentrations measured at the Richland Pumphouse in
2001 were statistically higher than those measured at
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Figure 4.2.7. Annual Average Total Uranium
Concentrations (+2 standard deviations)
= in Columbia River Water, 1996 through

2001 (AWQS = ambient water quality
standard)
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Priest Rapids Dam. Although there is no direct process
discharge of uranium to the river, uranium is present in
the groundwater beneath the 300 Area as a result of past
Hanford operations (see Section 6.1). Hanford ground-
water discharges to the Columbia River and groundwater
contaminants have been detected at elevated levels in
riverbank springs at the 300 Area (see Section 4.2.3).
Naturally occurring uranium is also known to enter the
river across from the Hanford Site via irrigation return
water and groundwater seepage associated with exten-
sive irrigation north and east of the Columbia River
(PNL-7500). There are no ambient surface-water quality
criteria levels directly applicable to uranium. However,
total uranium levels in the river during 2001 were well
below the EPA drinking water standard of 30 pg/L
(~27 pCi/L [1.0 Bg/L], Appendix D, Table D.2).

The annual average iodine-129 concentrations at
Priest Rapids Dam and the Richland Pumphouse for
1996 through 2001 are presented in Figure 4.2.8. The
average iodine-129 concentration in Columbia River
water at the Richland Pumphouse was extremely low
during 2001 (0.012% of the state ambient surface-water
quality criteria level of 1 pCi/L [1 million aCi/L
{0.037 Bq/L}]) and similar to levels observed during
recent years. The onsite source of iodine-129 to the
Columbia River is the discharge of contaminated ground-
water along the portion of shoreline downstream of the
Hanford town site (see Section 6.1). The iodine-129
plume originated in the 200 Areas from past waste dis-
posal practices. Quarterly iodine-129 concentrations in
Columbia River water at the Richland Pumphouse were
statistically higher than those at Priest Rapids Dam.
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Figure 4.2.8. Annual Average lodine-129 Con-
~ centrations (+2 standard deviations) in Colum-

bia River Water, 1996 through 2001 (AWQS =
ambient water quality standard)
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Plutonium-239/240 concentrations were at or near
the detection limits for some filter (particulate) and
most resin (dissolved) components. Average plutonium-
239/240 concentrations on filter samples at Priest
Rapids Dam and the Richland Pumphouse were
0.00099 + 0.0030 pCi/L (0.000037 + 0.00011 Bg/L)
and 0.000033 + 0.000058 pCi/L (0.0000012 %
0.000002 Bg/L), respectively. With the exception of
one sample each at Priest Rapids Dam and the Richland
Pumphouse, plutonium was only detected for the par-
ticulate fraction of the continuous water sample (i.e.,
detected on the filters but not detected on the resin
column). No state ambient surface-water quality criteria
level exists for plutonium-239/240. However, if the
DOE derived concentration guides (see Appendix D,
Table D.5), which are based on a 100-mrem dose stan-
dard, are converted to the 4-mrem dose equivalent used
to develop the drinking water standard and ambient
surface-water quality criteria level, 1.2 pCi/L
(0.044 Bq/L) would be the relevant guideline for
plutonium-239/240. There were no statistical differ-
ences in plutonium-239/240 concentrations for filter
samples collected at Priest Rapids Dam and the Rich-
land Pumphouse. Statistical comparisons for dissolved
plutonium concentrations at Priest Rapids Dam and
the Richland Pumphouse were not performed because
the majority of the concentrations were below the
detection limit.

River Transect and Near-Shore Sampling.
Radiological results from samples collected along
Columbia River transects and at near-shore locations
near the Vernita Bridge, 100-F Area, 100-N Area, Han-
ford town site, 300 Area, and Richland Pumphouse dur-
ing 2001 are presented in Appendix B (Tables B.3 and
B.4) and PNNL-13910, APP. 1. Sampling locations
were documented using a global positioning system.
Constituents consistently detected at concentrations
greater than two times their associated total propagated
analytical uncertainty included tritium, strontium-90,
uranium-234, and uranium-238. All measured concen-
trations of these radionuclides were less than applicable
state ambient surface-water quality criteria levels.

Tritium concentrations measured along Columbia
River transects during September 2001 are depicted in
Figure 4.2.9. The results are displayed such that the
observer’s view is upstream from the Richland Pump-
house. Vernita Bridge is the most upstream transect.
Stations 1 and 10 are located along the Benton County
and Franklin/Grant Counties shorelines, respectively.
The 100-N Area, Hanford town site, 300 Area, and
Richland Pumphouse transects have higher tritium
concentrations at the Hanford shore compared to the
opposite shore. The presence of a tritium concentra-
tion gradient in the Columbia River at the Richland
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Figure 4.2.9. Tritium Concentrations in Water Samples from Columbia River I
Transects, September 2001

Pumphouse supports previous conclusions made in
HW-73672 and PNL-8531 that contaminants in the
200 Areas’ groundwater plume entering the river at, and
upstream of, the 300 Area are not completely mixed at
the Richland Pumphouse. The gradient is most pro-
nounced during periods of relatively low river flow. Since
transect sampling began in 1987, the mean tritium con-
centration measured along the Richland Pumphouse
transect was less than that measured in monthly com-
posited samples from the pumphouse, illustrating the
conservative bias (i.e., overestimate) of the fixed-
location monitoring station. The highest tritium con-
centration detected in 2001 samples of cross river
transect water was 820 = 73 pCi/L (30 £ 2.7 Bg/L) (see
Appendix B, Table B.3), which was detected along the
shoreline of the Hanford town site. This is a location
where groundwater containing tritium levels over
20,000 pCi/L (740 Bg/L) is known to discharge to the
river (see Section 6.1.6.1).

Tritium concentrations for near-shore water sam-
ples collected at the Hanford (Benton County) shoreline
during September 2001 are shown in Figure 4.2.10. The
near-shore sampling locations are identified according
to Hanford river markers, which are a series of signpost
markers (~1.6 kilometers [~1 mile] apart) that originate

at Vernita Bridge (Hanford river marker #0) and end
just upriver from the Richland Pumphouse (Hanford
river marker #46). The concentrations of tritium in
near-shore water samples collected at the 100-N Area,
Hanford town site, and 300 Area were elevated com-
pared to concentrations in samples collected near the
Vernita Bridge. There was a wide range of tritium
concentrations measured for the shoreline samples with
the concentrations increasing near discharge points for
the groundwater tritium plume (see Section 6.0, Fig-
ures 6.1.11,6.1.12, and 6.1.19). The tritium concentra-
tions in near-shore samples collected from the
Richland shore were only slightly higher that those
measured at Vernita Bridge. In 2001, the highest tritium
concentration observed in near-shore water samples was
5,100 £ 440 pCi/L (189 % 16 Bq/L) (see Appendix B,
Table B.4), which was detected along the shoreline of
the Hanford town site.

In 2001, strontium-90 concentrations in Hanford
Reach river water for both transect and near-shore sam-
ples were similar to background concentrations for all
locations, except for the 100-N Area. The 100-N Area
had elevated strontium-90 concentrations in some sam-
ples obtained at near-shore locations. The mean
strontium-90 concentration found during transect

4.27 Surface Water and Sediment Surveillance
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September 2001. The Hanford river markers (HRMs) are a set of signposts on the Hanford
= shore that are roughly a mile apart. Vernita Bridge is HRM #0 and Ferry Street in
Richland is HRM #46. Samples collected between markers are assigned a
decimal (e.g., halfway between HRM #12 and HRM #13 is HRM #12.5).

sampling at the Richland Pumphouse was similar to that
measured in monthly composite samples from the
pumphouse, indicating that strontium-90 levels in water
collected from the fixed-location monitoring station are
representative of the average strontium-90 concentra-
tions in the river at this location.

Total uranium concentrations in Hanford Reach
water in 2001 were elevated along the Franklin County
shoreline in both the 300 Area and Richland Pumphouse
transects. The highest total uranium concentration was
measured near the Franklin County shoreline of the
Richland Pumphouse transect and likely resulted from
groundwater seepage and water from irrigation return
canals on the Franklin County side of the river that
contained naturally occurring uranium (PNL-7500). The
mean concentration of total uranium across the Richland
Pumphouse transect was similar to that measured in
monthly composite samples from the pumphouse.
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4.2.1.3 Chemical and Physical
Results for River-Water
Samples

The U.S. Geological Survey and Pacific Northwest
National Laboratory compiled chemical and physical
water quality data for the Columbia River during 2001.
A number of the parameters measured have no regulatory
limits; however, they are useful as indicators of water
quality and contaminants of Hanford origin. Potential
sources of pollutants not associated with Hanford include
irrigation return water and groundwater seepage associ-

ated with extensive irrigation north and east of the
Columbia River (PNL-7500).

U.S. Geological Survey. Figure 4.2.11 shows
U.S. Geological Survey results for the Vernita Bridge
and Richland Pumphouse for 1996 through 2001 (2001
results are preliminary) for several water quality param-
eters with respect to their applicable standards. The
complete list of preliminary results obtained through the
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U.S. Geological Survey National Stream Quality
Accounting Network program is documented in
PNNL-13910, APP. 1 and is summarized in Appendix B
(Table B.5). Final results are published annually by the
U.S. Geological Survey (e.g., WA-99-1). The 2001
U.S. Geological Survey results were comparable to
those reported during the previous 5 years. Applicable
standards for a Class A-designated surface-water body
were met. During 2001, there was no indication of any
deterioration of water quality resulting from site opera-
tions along the Hanford Reach of the Columbia River
(see Appendix D, Table D.1).

River Transectand Near-Shore Samples. Results
of chemical sampling conducted by Pacific Northwest
National Laboratory along transect and near-shore
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locations of the Columbia River in 2001 at the Vernita
Bridge, 100-F Area, 100-N Area, Hanford town site,
300 Area, and Richland Pumphouse are provided in
PNNL-13910, APP. 1. The concentrations of metals
and anions observed in river water in 2001 were similar
to those observed in the past and remain below regula-
tory limits. Several metals and anions were detected in
Columbia River transect samples both upstream and
downstream of the Hanford Site. Arsenic, antimony,
cadmium, chromium, lead, nickel, thallium, and zinc
were detected in the majority of samples, with similar
levels at most locations. Beryllium, selenium, and silver
were detected occasionally. Nitrate concentrations for
water samples from the Benton County shoreline near
the Richland Pumphouse were similar to mid-river

Surface Water and Sediment Surveillance
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samples. Nitrate, sulfate, and chloride concentrations
were slightly elevated, compared to mid-river samples,
along the Franklin County shoreline at the Richland
Pumphouse transects and likely resulted from ground-
water seepage associated with extensive irrigation north
and east of the Columbia River. Nitrate contamination
of some Franklin County groundwater has been docu-
mented by the U.S. Geological Survey (1995) and is
associated with high fertilizer and water usage in agricul-
tural areas. Numerous wells in western Franklin County
exceed the EPA maximum contaminant level for nitrate
(40 CFR 141; USGS Circular 1144). Average nitrate
and chloride results were slightly higher for quarterly
concentrations at the Richland Pumphouse transect
compared to the Vernita Bridge transect. Nitrate, chlo-
ride, and sulfate concentrations were slightly elevated,
compared to mid-river, for the Franklin County shoreline
at the 300 Area. There were no apparent concentration
gradients near the Hanford shoreline for anions meas-
ured in transect samples collected at the Vernita Bridge,
100-N Area, 100-F Area, and Hanford town site.

Washington State ambient surface-water quality
criteria for cadmium, copper, lead, nickel, silver, and

zinc are total-hardness dependent (WAC 173-201A;

see Appendix D, Table D.3). Criteria for Columbia
River water were calculated using a total hardness of
47 mg/L as calcium carbonate, the limiting value based
on U.S. Geological Survey monitoring of Columbia
River water near Vernita Bridge and the Richland
Pumphouse over the past years. The total hardness
reported by the U.S. Geological Survey at those locations
from 1992 through 2001 ranged from 47 to 77 mg/L as
calcium carbonate. All metal and anion concentrations
in river water were less than the state ambient surface-
water quality criteria levels for the protection of aquatic
life from both acute and chronic toxicity levels (see
Appendix B, Table B.6 and Appendix D, Table D.3).
Arsenic concentrations exceeded the EPA standard for
the protection of human health for the consumption of
water and organisms; however, this EPA value is
>10,500 times lower than the state chronic toxicity
value and similar concentrations were found at the
Vernita Bridge and the Richland Pumphouse (see Appen-
dix D, Table D.3). The concentrations of volatile
organic compounds in Columbia River water samples
(e.g., chlorinated solvents, benzene) were below detec-
tion limits in most samples, with no indication of a
Hanford source.

4.2.2 Columbia River Sediment

Upon release to the Columbia River, radioactive
and non-radioactive materials were dispersed rapidly,
sorbed onto detritus and inorganic particles, incorporated
into aquatic biota, deposited on the riverbed as sediment,
or flushed out to sea. The concentrations of the radio-
active material decreased as it underwent radioactive
decay. Fluctuations in the river flow rate, as a result of
the operation of hydroelectric dams, annual spring
freshets, and occasional floods, have resulted in the
resuspension, relocation, and subsequent redeposition of
the sediment (DOE/RL-91-50). Sediment in the Colum-
bia River contains low concentrations of radionuclides
and metals of Hanford Site origin as well as radionuclides
from nuclear weapons testing fallout (Beasley et al. 1981;
BNWL-2305; PNL-8148; PNL-10535). Potential public
exposures are well below the level at which routine
surveillance of Columbia River sediment is required
(PNL-3127; Wells 1994). However, periodic sampling is
necessary to confirm the low levels and to assure that no
significant changes have occurred for this pathway. The
accumulation of radioactive materials in sediment can
lead to human exposure by ingestion of aquatic organ-
isms, sediment resuspension into drinking water sup-
plies, or as an external radiation source irradiating people
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who are fishing, wading, sunbathing, or participating in
other recreational activities associated with the river or
shoreline (DOE/EH-0173T).

Since the shutdown of the last single-pass reactor at
Hanford in 1971, the contaminant concentrations in
the surface sediment have been decreasing as a result of
radioactive decay and the subsequent deposition of
uncontaminated material (Cushing et al. 1981). How-
ever, discharges of some pollutants from the Hanford
Site to the Columbia River still occur via permit-
regulated liquid effluent discharges (see Section 3.1)
and via contaminated groundwater seepage (see

Section 4.2.3).

Several studies have been conducted on the Colum-
bia River to investigate the difference in sediment grain-
size composition and total organic carbon content at
routine monitoring sites (Beasley et al. 1981; PNL-10535;
PNNL-13417). Physical and chemical sediment char-
acteristics were found to be highly variable among
monitoring sites along the Columbia River. Samples
containing the highest percentage of silts, clays, and total
organic carbon were generally collected from the pools
near all the dams and from White Bluffs Slough.



4.2.2.1 Collection of Sediment
Samples and Analytes of
Interest

During 2001, samples of Columbia River surface
sediment were collected at depths of O to 15 centimeters
(0 to 6 inches) from six river locations that were perma-
nently submerged and six riverbank springs that were
periodically inundated (see Figure 4.2.1 and Table 4.2.2).
Sediment sampling locations were documented using a
global positioning system. In addition, sediment samples
were collected behind Ice Harbor Dam on the Snake
River.

Samples were collected upstream of Hanford Site
facilities from the Priest Rapids Dam pool (the nearest
upstream impoundment) to provide background data
from an area unaffected by site operations. Samples
were collected downstream of the Hanford Site above
McNary Dam (the nearest downstream impoundment)
to identify any increase in contaminant concentrations.
Any increases in contaminant concentrations found in
sediment above McNary Dam compared to that found
above Priest Rapids Dam do not necessarily reflect a
Hanford Site source. The confluences of the Columbia
River with the Yakima, Snake, and Walla Walla Rivers
lie between the Hanford Site and McNary Dam. Several
towns, irrigation water returns, and factories in these
drainages also may contribute to the contaminant load
found in McNary Dam sediment; thus, sediment samples
are periodically taken at Ice Harbor Dam to assess Snake
River inputs. Sediment samples also were collected along
the Hanford Reach of the Columbia River from areas
close to contaminant discharges (e.g., riverbank springs),
from slackwater areas where fine-grained material is
known to deposit (e.g., the White Bluffs, 100-F Area, and
Hanford Sloughs), and from the publicly accessible
Richland shoreline.

Monitoring sites at McNary and Priest Rapids Dams
consisted of two stations spaced equidistant (approxi-
mately) on a transect line crossing the Columbia River;
the samples were collected near the boat exclusion buoys
at each dam. On the Snake River, sediment samples
were collected at three locations at Levy Landing,
which is a public park located upriver from Ice Harbor
Dam. All other monitoring sites consisted of a single
sampling location. Samples of permanently inundated
river sediment were collected using a clam-shell style
sediment dredge. Samples of periodically inundated river
sediment, (riverbank springs sediment) were collected
using a large plastic spoon, immediately following the
collection of riverbank springs water samples. Sampling
methods are discussed in detail in DOE/RL-91-50. All

sediment samples were analyzed for gamma emitting
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radionuclides (see Appendix F), strontium-90,
uranium-234, uranium-235, uranium-238, and metals
(DOE/RL-91-50). Selected river sediment samples were
also analyzed for plutonium-238, and plutonium-
239/240. The specific analytes selected for sediment
samples were based on findings of previous Columbia
and Snake River sediment investigations, reviews of
past and present effluents discharged from site facilities,
and reviews of contaminant concentrations observed in
groundwater monitoring wells near the river.

4.2.2.2 Radiological Results
for Samples from River
Sediment

Results of the radiological analyses on river sedi-
ment samples collected during 2001 are reported in
PNNL-13910, APP. 1 and summarized in Appendix B
(Table B.7).
river sediment adjacent and downstream of the Hanford
Site during 2001 included potassium-40, cesium-137,
uranium-238, plutonium-238, and plutonium-239/240.
The concentrations of all other radionuclides were below
Cesium-137 and
plutonium isotopes exist in worldwide fallout, as well
as in effluents from Hanford Site facilities.
occurs naturally in the environment in addition to being

Radionuclides consistently detected in

detection limits for most samples.
Uranium

present in Hanford Site effluents. Comparisons of con-
taminant levels between sediment sampling locations
are made below. Because of variations in the bioavail-
ability of contaminants in various sediment, no federal
or state freshwater sediment criteria are available to
assess the sediment quality of the Columbia River

(EPA 822-R-96-001).

Radionuclide concentrations reported in river sedi-
ment in 2001 were similar to those reported for previous
years (see Appendix B, Table B.7). Median, maximum,
and minimum concentrations of selected radionuclides
measured in Columbia (1995 through 2000) and Snake
River sediment from 1996 through 2001 are presented
in Figure 4.2.12. Sampling areas include stations at
Priest Rapids, McNary, and Ice Harbor Dams as well as
the Hanford Reach stations (White Bluffs, 100-F Area
and Hanford Sloughs, and the Richland Pumphouse).

4.2.2.3 Radiological Results
for Sediment Samples from
Riverbank Springs

Sampling of sediment from riverbank springs began

in 1993 at the Hanford town site and the 300 Area.
Sampling of the riverbank springs in the 100-B, 100-F,

Surface Water and Sediment Surveillance
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Figure 4.2.12. Median, Maximum, and Minimum Concentrations of Selected Radionuclides

Measured in Columbia and Snake River Sediment, 1996 through 2001

and 100-K Areas began in 1995. Substrates at all other
riverbank springs sampling locations consist of pre-
dominantly large cobble and are unsuitable for sample
collection.

Radiological results for sediment collected from
riverbank springs in 2001 are presented in PNNL-13910,
APP. 1 and are summarized in Appendix B (Table B.7).
Results were similar to those observed for previous years.
In 2001, sediment samples were collected at riverbank
springs in the 100-B, 100-F, and 300 Areas. There was no
sediment available for sampling at the 100-K and
100-N Area locations. In 2001, radionuclide concentra-
tions in riverbank spring sediment were similar to those
observed in river se