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Preface 

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

The Hanford Site Environmental Report is prepared 
annually pursuant to DOE Order 5400.1 to summarize 
environmental data that characterize Hanford Site environ­
mental management performance and demonstrate compli­
ance status. The report also high I ights significant 
environmental programs and efforts. More detailed 
environmental compliance, monitoring, surveillance, and 
study reports may be of value; therefore, to the extent 
practical, these additional reports have been referenced 
in the text. 

Although this report was written to meet DOE reporting 
requirements and guidelines, it was also intended to be 
useful to members of the public , public officials, 
regulators, and Hanford Site contractors. The "Helpful 
Information" section lists acronyms, abbreviations, 
conversion information, and nomenclature useful for 
understanding the report. 

This year, the report has been issued in two hard copy 
formats and an electronic format. The hard copy docu­
ments include this large technical report and a smaller, 
less detailed summary report consisting of approximately 
40 pages. The electronic versions of both hard copy 

documents are available on the Internet (the address is 
http://w3.pnl.gov:2080/hanford_envrpt95). 

This report is prepared for the DOE Richland Operations 
Office, Environmental Assurance, Permits and Policy 
Division by the Pacific Northwest National Laboratory's 
Office of Health and Environment as part of the Public 
Safety and Resource Protection Program. Pacific 
Northwest National Laboratory is operated for DOE by 
Battelle Memorial In titute, a not-for-profit independent 
contract research institute. Major portions of the report 
were written by staff from the Pacific Northwest National 
Laboratory (the Site research and development contractor) 
and Westinghouse Hanford Company (the Site manage­
ment and operations contractor). Bechtel Hanford, Inc. 
(the Environmental Restoration contractor) provided 
input to selected sections. 

Copies of this report have been provided to many librarie 
in communities around the Hanford Site, and to several 
university libraries in Washington and Oregon. Copies 
can also be found at DOE's Hanford Reading Room 
located on the campus of Washington State Univer ity 
Tri-Cities. Copies of the report can be purchased from 
the National Technical Information Center, Springfield, 
Virginia 22161. 

Inquiries regarding this report may be directed to the 
DOE Richland Operations Office, Environmental 
Assurance, Permits and Policy Division, P.O. Box 550, 
Rich land, Washington 99352, or to Mr. Roger Dirkes, 
Pacific Northwest National Laboratory, P.O. Box 999, 
Richland, Washington 99352. 
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Summary 

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

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

Individual sections of the report are designed to 

• describe the Hanford Site and its mission 

• summarize the status in 1995 of compliance with 
environmental regulations 

• describe the environmental programs at the Hanford 
Site 

• discuss estimated radionuclide exposure to the public 
from 1995 Hanford activities 

• present information on effluent monitoring and envi­
ronmental surveillance, including ground-water 
protection and monitoring 

• discuss activities to ensure quality . 

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

The Hanford Site and its 
Mission 

The Hanford Site in southcentral Washington State is about 
1,450 square kilometers (560 square miles) of semiarid 
shrub and grasslands located just north of the confluence 
of the Snake and Yakima rivers with the Columbia River. 
This land, with restricted public access, provides a buffer 
for the smaller areas historically used for the production 

of nuclear materials, waste storage, and waste disposal. 
About 6% of the land area has been disturbed and is 
actively used. This 6% is divided into operational areas: 

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

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

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

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

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

The 600 Area is the designation for land between the 
operational areas. Areas off the Hanford Site used for 
research and technology development and administrative 
functions can be found in Richland, Kennewick, and Pasco, 
the nearest cities. 

The Hanford Site was acquired by the federal government 
in 1943, and until 1989 the Site was dedicated primarily 
to the production of plutonium for national defense and 
the management of the resulting wastes. With the shut­
down of the production facilities in the 1970s and 1980s, 
missions were diversified to include research and devel­
opment in the areas of energy, waste management, and 
environmental restoration. 

The DOE has ended the production of nuclear materials 
at the Hanford Site for weapons. The current mission 
being implemented by the DOE, Richland Operations 
Office, is now: 

• waste management/cleanup 
• technology development 
• economic diversification. 
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Current waste management activities at the Hanford Site 
include primarily managing wastes with high and low lev­
els of radioactivity (from the nuclear materials production 
activities) in the 200-East and 200-West Areas. Key waste 
management facilities include the waste storage tanks, 
Plutonium-Uranium Extraction Plant, Plutonium Finish­
ing Plant, Central Waste Complex, Low-Level Burial 
Grounds, B Plant/Waste Encapsulation Facility, 616 Non­
Radioactive Hazardous Waste Storage Facility, Waste 
Receiving and Processing Facility, Transuranic Storage 
and Assay Facility, and 242-A Evaporator. In addition, 
irradiated nuclear fuel is stored in the 100-K Area in fuel 
storage basins. 

Environmental restoration includes activities to decon­
taminate and decommission facilities and to clean up or 
restore inactive waste sites. The Hanford surplus facili­
ties program conducts surveillance and maintenance of 
such facilities, and has begun to clean up and dispose of 
more than 100 facilities . 

Research and technology development activities are 
intended to improve the techniques and reduce the costs 
of waste management, environmental protection, and Site 
restoration. 

Operations and activities on the Hanford Site are managed 
by the DOE Richland Operations Office through four 
prime contractors and numerous subcontractors. Each 
contractor is responsible for the safe, environmentally 
sound maintenance and management of its facilities and 
operations, waste management, and monitoring of opera­
tions and effluents for environmental compliance. 

The principal contractors include: 

• Westinghouse Hanford Company 
• Battelle Memorial Institute 
• Hanford Environmental Health Foundation 
• Bechtel Hanford Inc. 

Non-DOE operations and activities include commercial 
power production by the Washington Public Power Sup­
ply System's WNP-2 Reactor (near the 400 Area) and 
commercial low-level radioactive waste burial at a site 
leased and licensed by the state of Washington and oper­
ated by US Ecology (near the 200 Areas). Siemens Power 
Corporation operates a commercial nuclear fuel fabrica­
tion facility, and Allied Technology Group Corporation 
operates a low-level radioactive waste decontamination, 
supercompaction, and packaging disposal facility near 
the southern boundary of the Hanford Site. 
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Compliance With 
Environmental Regulations 

The DOE Order 5400. l, "General Environmental Protec­
tion Program," describes the environmental standards and 
regulations applicable at DOE facilities. These environ­
mental standards and regulations fall into three categories: 
1) DOE directives, 2) federal legislation and executive 
orders, and 3) state and local statutes, regulations, and 
requirements. The following subsections summarize the 
status of Hanford ' s compliance with these applicable 
regulations and list environmental occurrences for 1995. 

A key element in Hanford ' s compliance program is the 
Hanford Federal Facility Agreement and Consent Order 
(Tri-Party Agreement). The Tri-Party Agreement is an 
agreement among the U.S. Environmental Protection 
Agency (EPA), Washington State Department of Ecology, 
and DOE for achieving compliance with the remedial 
action provisions of the Comprehensive Environmental 
Response, Compensation, and Liability Act and with treat­
ment, storage, and disposal unit regulation and corrective 
action provisions of the Resource Conservation and 
Recovery Act. From 1989 through 1995, a total of 
460 enforceable Tri-Party Agreement milestones and 
215 unenforceable target dates were completed on or 
ahead of schedule. Eighty-nine milestones scheduled for 
1995 were completed. 

Comprehensive Environmental 
Response, Compensation, and 
Liabil ity Act 

The Comprehensive Environmental Response, Compen­
sation, and Liability Act established a program to ensure 
that sites contaminated by hazardous substances are 
cleaned up by responsible parties or the government. The 
Comprehensive Environmental Response, Compensation, 
and Liability Act primarily covers waste cleanup of inac­
tive sites. 

Preliminary assessments conducted for the Hanford Site 
revealed approximately 2,100 known individual waste 
sites where hazardous substances may have been disposed 
of in a manner that requires further evaluation to deter­
mine impact to the environment. 

The DOE is actively pursuing the remedial investigation/ 
feasibility study process at some operable units on the 



Hanford Site. The operable units currently being studied 
were selected as a result of Tri-Party Agreement negotia­
tions. 

The Hanford Site was in compliance with Comprehensive 
Environmental Response, Compensation, and Liability 
Act requirements in 1995. Cleanup is underway at vari­
ou ites in the 100, 200, and other Areas. Cleanup was 
completed in 1995 in the 1100 Area. 

Emergency Planning and Community 
Right-To-Know Act 

The Emergency Planning and Community Right-To-Know 
Act requires that the public be provided with information 
about hazardous chemicals in the community and estab­
lishes emergency planning and notification procedures to 
protect the public from a release. The law calls for crea­
tion of state emergency response commissions to guide 
planning for chemical emergencies. State commissions 
have also created local emergency planning committees 
to ensure community participation and planning. 

To provide the public with the basis for emergency plan­
ning, the Act contains requirements for periodic reporting 
on hazardous chemicals stored and/or used near the com­
munity. The 1995 Hanford Tier Two Emergency and 
Hazardous Chemical Inventory (DOE 1996c) was issued 
to the State Emergency Response Commission, local 
county emergency management committees, and local fire 
departments in March 1996. The report contained infor­
mation on hazardous materials in storage across the 
Hanford Site. The Hanford Site was not required to sub­
mit a Toxic Chemical Release Inventory report in 1995. 
There were no toxic chemicals used in excess of applicable 
activity threshold levels. Accordingly, during 1995, the 
Hanford Site was in compliance with the reporting and 
notification requirement contained in this Act. 

Resource Conservation and 
Recovery Act 

The Resource Conservation and Recovery Act establishes 
regu latory standards for the generation, transportation, 
storage, treatment, and disposal of hazardous wastes. 
Washington State Department of Ecology has been 
authorized by the EPA to implement its dangerous waste 
program in lieu of the EPA for Washington State, except 
for some provisions of the Hazardous and Solid Waste 
Amendments of 1984. Washington State Department of 
Ecology also implements the state's regulations, which 
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are often more stringent. The Resource Conservation and 
Recovery Act primarily covers ongoing waste manage­
ment at active facilities. 

At the Hanford Site, over 60 treatment, storage, and di -
posal units have been identified that must be permitted or 
closed in accordance with Resource Conservation and 
Recovery Act and Washington State regulations. The e 
units are required to operate under Washington State 
Department of Ecology ' s interim-status compliance 
requirements. Approximately one-half of the units will 
be closed. 

Subtitle I of the Resource Conservation and Recovery Act 
deals with regulation of underground storage tank systems. 
These regulations were added to the Resource Conserva­
tion and Recovery Act by the Hazardous and Solid Waste 
Amendments of 1984. The EPA has developed regula­
tions implementing technical standards for tank perform­
ance and management, including standards governing the 
cleanup and closure of leaking tanks . These regulations 
do not apply to the ingle- and double-shell nuclear waste 
tanks, which are regulated as treatment, storage, and dis­
posal faci lities. 

Clean Air Act 

The purpose of the Clean Air Act is to protect public 
health and welfare by safeguarding air quality, bringing 
polluted air into compliance, and protecting clean air from 
degradation. In Washington State, the provisions of the 
Act are implemented by EPA, Washington State Depart­
ment of Ecology, Washington State Department of Health, 
and local air authorities. 

Washington State regulations (Washington Administration 
Code [WAC] 246-247) require registration of all radioac­
tive air emission point sources with the Washington State 
Department of Health. All applicable Hanford Site stacks 
emitting radiation have been registered in accordance with 
regulations . 

Revised Clean Air Act requirements for radioactive air 
emissions were issued in December 1989, under National 
Emission Standards for Hazardous Air Pollutants, 40 Code 
of Federal Regulations 61 (40 CFR 61), Subpart H. Emis­
sions from the Hanford Site are within the EPA offsite 
emissions standard of 10 rnrem/yr (effective dose equiva­
lent [see Appendix B, "Glossary"]). Hanford Site sources 
are in the process of meeting the procedural requirements 
for flow measurement, emissions measurement, quality 
assurance, and sampling documentation. 
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The local air authority, the Benton County Clean Air 
Authority, enforces Regulation l. This regulation per­
tains to detrimental effects, fugitive dust, incineration 
products, open burning, odor, opacity, asbestos, and emis­
sions. The Authority has also been delegated responsi­
bility to enforce the EPA asbestos regulations under the 
National Emission Standards for Hazardous Air Pollutants. 
The Site remains in compliance with the regulations. 

Clean Water Act 

The Clean Water Act applies to point discharges to 
waters of the United States. At the Hanford Site, the 
regul ations are applied through National Pollutant Dis­
charge Elimination System (NPDES) permits governing 
effluent discharges to the Columbia River. The permits 
(No. W A-000374-3) pecify di scharge points (called 
outfalls), effl uent limitations, and monitoring require­
ments. There were no instances of noncompliance in 1995 
for thi s permit. NPDES permit No. W A-002591-7 was 
issued to the 300 Area Treated Effluent Disposal Facility 
and had six instances of noncompliance in 1995. Despite 
the use of best available technology, the facility is unable 
to meet the effluent levels specified in the permit. Permit 
renegotiation is expected. 

Safe Drinking Water Act 

The National Primary Drinking Water Regulations of the 
Safe Drinking Water Act apply to the drinking water 
supp lies at the Hanford Site. These regulations are 
enforced by the Washington State Department of Health. 
In 1995, all Hanford Site water systems were in compli­
ance with req uirements and agreements . 

Toxic Substances Control Act 

The application of Toxic Substances Control Act require­
ments to the Hanford Site essentiaJiy involves regulation 
of the chemicals called polychlorinated biphenyls. The 
Hanford Site is currently in compliance with regulations 
for nonradioactive polych lorinated biphenyls. All radio­
active polychlorinated biphenyl wastes are being stored 
pending development of treatment and disposal technolo­
gies and capabilities. 

Federal Insecticide, Fungicide, and 
Rodenticide Act 

The EPA is responsible for ensuring that a chemical, when 
used according to label instructions , wi ll not present 
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unreasonable risks to human health or the environment. 
This Act and the Revised Code of Washington 17 .21 , 
"Washington Pesticide Application Act, 1961," as 
implemented by Washington Administrative Code 16-228, 
"General Pesticides Regulations," apply to storage and 
use of pesticides. In 1995, the Hanford Site was in com­
pliance with the Act' s req ui rements and Washington 
Administrative Code 16-228 regulations pertaining to 
storage and application of pesticides. 

Endangered Species Act 

Many rare species of native plants and animals are known 
to occur on the Hanford Site. Two of these are listed by 
the U.S. Fish and Wildlife Service as endangered or 
threatened (federally li sted). Others are listed by the 
Washington State Department of Fish and Wildlife as 
endangered, threatened, or sensitive species. The Site 
monitoring program is discussed in Section 6.2, 
"Wildlife." Hanford Site activities complied with the 
Endangered Species Act in 1995. 

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

Cultural resources on the Hanford Site are subject to the 
provisions of these Acts. Compliance with these Acts is 
accomplished through a management program, which is 
described in Section 6.3, "Hanford Cul tural Resources 
Laboratory." In 1995, Hanford Site operations complied 
with these Acts. 

National Environmental Policy Act 

The National Environmental Policy Act establishes envi­
ronmental policy to prevent or eliminate damage to the 
environment and to enrich our understanding of ecologi­
cal systems and natural resources. The National Environ­
mental Policy Act requires that major federal projects with 
significant impacts be carefully reviewed and reported to 
the public in environmental impact statements . Other 
National Environmental Policy Act documents such as 
environmental assessments are also prepared in accordance 
with National Environmental Policy Act requirements. 



Several environmental impact statements related to pro­
grams or activities on the Hanford Site are in process or 
in the planning stage. 

Environmental Occurrences 

Onsite and offsite environmental occurrences (spills, leaks, 
etc.) of radioactive and nonradioactive effluent materials 
during 1995 were reported to DOE as specified in DOE 
Order 5000.3B and to other federal and state agencies as 
required by law. All emergency, unusual , and off-normal 
occurrence reports, including event descriptions and 
corrective actions, are available for review in the DOE 
Public Reading Room, Washington State University 
Tri-Cities campus, Richland, Washington. There were 
no emergency occurrences reported in 1995. There were 
23 unusual occurrence reports for 1995. There were 
22 off-normal environmental release-related occurrence 
reports filed at the Hanford Site during 1995. 

Environmental Monitoring 
Information 

Environmental monitoring of the Hanford Site consists 
of 1) effluent monitoring and 2) environmental surveil­
lance including ground-water monitoring. Effluent moni­
toring is performed as appropriate by the operators at the 
facility or at the point of release to the environment. 
Additional monitoring is conducted in the environment 
near facilities that discharge or have discharged effluents. 
Environmental surveillance consists of sampling and 
analyzing environmental media on and off the Hanford 
Site to detect and quantify potential contaminants, and to 
assess their environmental and human health significance. 

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

The following sections discuss the doses calculated from 
environmental data, and effluent monitoring and environ­
mental survei llance on or near the Hanford Site in 1995. 

Effluent Monitoring 

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

Facility Effluent Monitoring 

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

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

Radioactive effluents from many facilities on the Site are 
approaching levels practically indistinguishable from the 
natural occurring radioactivity present everywhere. This 
decrease translates to a very small offsite radiation dose 
attributable to Site activities. A new Site mission of 
environmental restoration rather than nuclear materials 
production is largely responsible for this trend. Consis­
tent with these conditions of diminishing releases, totals 
of radionuclides in effluents released at the Site in 1995 
are not significantly different from totals in 1994. 

Near-Facility Environmental 
Monitoring 

The near-facility environmental monitoring program 
operated by Westinghouse Hanford Company provides 
environmental monitoring to protect the environment 
adjacent to facilities and ensure compliance with local, 
state, and federal regulations. 

Specifically, the near-facility environmental monitoring 
program monitored new and existing sites, processes, and 
faci lities for potential impacts and releases; fugitive 
emissions and diffuse sources from contaminated areas; 
and surplus facilities before decontamination or decom­
missioning. Air, surface water and springs, surface con­
tamination, soil and vegetation, vadose zone monitoring, 
investigative sampling (which can include wildlife), and 
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external radiation were sampled. Some of the parameters 
typically monitored are pH, radionuclide concentrations, 
radiation exposure levels, and concentrations of selected 
hazardous chemicals. Samples are collected from known 
or expected effluent pathways. These pathways are gen­
erally downwind of potential or actual airborne releases 
and downgradient of liquid discharges . 

Near-Facility Air Monitoring 

Radioactivity in air was sampled by a network of con­
tinuously operating samplers at 47 locations near nuclear 
facilities: four were located in the 100-N Area, four were 
in the 100-K Area, 37 were in the 200 Areas, one was 
located near the 300 Area Treated Effluent Disposal 
Facility, and one station was collocated with samplers 
operated by the Pacific Northwest National Laboratory 
and the Washington State Department of Health at the 
Wye Barricade. Air samplers were primarily located 
at or near (within approximately 500 m [1500 ft]) sites 
and/or facilities having the potential for, or history of, 
environmental releases, with an emphasis on the prevail­
ing downwind directions . Of the radionuclide analy­
ses performed, cesium- I 37, plutonium-239,240, 
strontium-90, and uranium were consistently detectable 
in the 200 Areas. Cobalt-60 and, infrequently, 
plutonium-239,240 were detectable in the 100-N Area. 
Air concentrations for these radionuclides were elevated 
near facilities compared to the concentrations measured 
offsite by Pacific Northwest National Laboratory. 

Surface-Water Disposal Units and 
100-N Springs Monitoring 

Samples collected from surface-water disposal units 
included water, sediment, and aquatic vegetation. Only 
water samples were taken at 100-N shoreline springs. 
Radiological analyses of water samples from surface-water 
disposal units included plutonium-238, plutonium-239,240, 
uranium, tritium, strontium-90, and gamma-emitting 
radionuclides. Radiological analyses of sediment and 
aquatic vegetation samples were performed for 
plutonium-239,240, strontium-90, uranium, and gamma­
emitting radionuclides. Nonradiological analyses were 
performed for pH, temperature, and nitrates. 

Radiological analytical results for liquid samples from 
surface-water disposal units (ponds and ditches) located 
in the 200 Areas were less than the DOE Derived Concen­
tration Guides and in most cases were equal to or less than 
the analytical detection limits. Although some elevated 
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levels were seen in both aquatic vegetation and sediment, 
in all cases, the radiological analytical results were much 
less than the standards used for radiological control. The 
results for pH were well within the pH standard of 2.0 to 
12.5 for liquid effluent discharges based on the discharge 
limits listed in the Resource Conservation and Recovery 
Act. The analytical results for nitrates were all less than 
the 45-mg/L Drinking Water Standard for public water 
supplies. 

Ground-water springs along the 100-N Area shoreline are 
ampled annually to verify the reported radionuclide 

releases to the Columbia River from past operations of 
the N Reactor. By characterizing the radionuclide con­
centrations in the springs along the shoreline, the results 
can be compared to the concentrations measured at the 
facility effluent monitoring well. In 1995 , with the 
exception of tritium, the concentrations detected in shore­
line springs samples were highest in springs nearest the 
effluent monitoring well. Concentrations of tritium were 
highest in the two farthest downstream sampling locations. 

Near-Facility Radiological Surveys 

In 1995, there were approximately 2,531 ha (6,254 acres) 
of posted outdoor contamination areas and 1,025 ha 
(2,532 acres) of posted underground radioactive materials 
areas, not including active facilities, at the Hanford Site. 
These areas were typically associated with cribs, burial 
grounds, tank farms, and covered ditches. The posted 
contamination areas vary between years because of an 
ongoing effort to clean, stabilize, and remediate areas of 
known contamination. During this time, new areas of 
contamination were being identified. It was estimated 
that the external dose rate at 80% of the identified outdoor 
contamination areas wa less than 1 mrern/h measured at 
1 m (3.28 ft), although direct dose rate readings from 
isolated radioactive specks (a diameter less than 0.6 cm 
[0.25 in.]) could have been considerably higher. Contami­
nation levels of this magnitude did not significantly add 
to dose rates for the public or Hanford Site workers in 
1995. 

Vadose Zone Monitoring 

The inactive liquid effluent faci lities vadose monitoring 
program tracks the movement of radioactive contaminants 
that were discharged to the soil. There are over 300 liquid 
waste disposal sites at Hanford that have received over 
53 billion L (14 billion gal) of waste, exc luding the 
1,620 billion L (430 bill ion gal) that were discharged at 
the surface to ponds and ditches. During calendar year 



1995, approximately 70 boreholes were logged around 
the e facilities for radioactive plume identification and 
tracking. In addition, approximately 35 wells scheduled 
for decommissioning onsite were surveyed for gamma­
ray radiation, to assure the wells were not contaminated, 
and for moisture and geologic data to help determine 
moisture migration pathways. The environmental resto­
ration program al o was supported by the collection of 
approximately 40 borehole logs for delineating subsurface 
radioactive contamination. 

Soil and Vegetation Sampling from 
Operational Areas 

Soil and vegetation samples were collected on or adjacent 
to waste disposal units and from locations downwind and 
near or within the boundaries of the operating facilities. 
Samples were collected to detect potential migration and 
deposition bf facility effluents. Special samples were also 
taken where physical or biological transport problems 
were identified. Migration can occur as the result of 
resuspension from radioactively contaminated surface 
areas, absorption of radionuclides by the roots of vegeta­
tion growing on or near underground and sudace-water 
disposal units, or by waste site intrusion by animals. Soil 
and vegetation sample concentrations for some radionu­
clides were elevated near facilities when compared to 
concentrations measured offsite. The concentrations show 
a large degree of variance; in general, samples collected 
on or adjacent to waste disposal facilities had significantly 
higher concentrations than those collected farther away. 

Near-Facility External Radiation 

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

A hand-held micro-rem meter (to measure low-level 
radiation exposure) was used to survey points along the 
N-Springs Area, 1301-N Liquid Waste Disposal Facility, 
and the 1325-N Liquid Waste Disposal Facility. The 
radiation rates measured in the N Springs Area continued 
to decline in 1995, reflecting discontinued discharges to 
the 1301-N Liquid Waste Disposal Facility and the con­
tinuing decay of its radionuclide inventory. 

The 1995 thermoluminescent dosimeter resu lts indicate 
that direct rad iation levels are highest near facilities that 
had contained or received liquid effluent from the 
N Reactor. These faci lities primarily include the 1301-N 
and 1325-N Liquid Waste Disposal Facilities. While the 
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results for these two facilities were noticeably higher than 
those for other 100-N Area thermoluminescent dosimeter 
locations, they were approximately 12% lower than expo­
sure levels measured at these locations in 1994. 

Two projects (the 1303-N Spacer Silo and the 
1304-N Emergency Dump Tank) pedormed by the Envi­
ronmental Restoration Contractor had a noticeable impact 
on radiation dose rates in the 100-N Area in 1995. Work 
to remove irradiated fuel spacers from the 1303-N Spacer 
Silo occurred in August. Dose rates around the 
105-N Reactor building were significantly elevated during 
thi s period. The third quarter average for selected thermo­
luminescent dosimeters located near the silo reflected this 
increase. The overall affect of the e two cleanup projects 
around the 105-N Reactor building was a decrease in dose 
rates to a level lower than those measured before these 
projects began. During the fourth quarter, reduction of 
the source term that was previously present in the 
1304-N Emergency Dump Tank occurred. This facility 
was decontaminated during August and September. 

This is the third year that thermoluminescent dosimeters 
have been placed in the I 00-K Area, surrounding the 
105-K East and 105-K West fuel storage basins and adja­
cent reactor buildings. Three of the thermoluminescent 
dosimeters have con istently shown elevated readings 
due to their proximity to radioactive waste storage areas 
or stored radioactive rail equipment. 

The highest dose rates in the 200/600 Areas were measured 
near waste-handling facilities such as tank farms. The 
highest dose rate was measured at the 24 l-A Tank Farm 
complex located in the 200-East Area. The average annual 
dose rate measured in 1995 by thermoluminescent dosim­
eters was 120 mrem/yr, which was a decrease of 8% over 
the average dose rate of 130 mrem/yr measured in 1994. 

The highest dose rates in the 300 Area were measured near 
waste-handling facilities such as the 340 Waste Handling 
Facility. The average annual dose rate measured in the 
300 Area in 1995 was 140 mrem/yr. This repre ents a 
decrease of 18% compared to the average dose rate of 
170 mrem/yr measured in 1994. The average annual dose 
rate at the 300 Area Treated Effluent Disposal Facility in 
1995 was 81 mrem/yr, which repre ents a decrease of 
28% compared to the average dose rate of 110 mrem/yr 
measured in 1994. 

The average annual dose rate measured in the 400 Area in 
1995 was 77 mrem/yr, which repre ents an decrea e of 
32% compared to the average dose rate of 110 mrem/yr 
measured in 1994. 
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Investigative Sampling 

Investigative sampling was conducted in the operations 
areas to confirm the absence or presence of radioactive or 
hazardous contaminants. 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 that radioactive contamination was present 

• to conduct preoperational surveys that quantify the 
radiological/hazardous conditions at a site before 
facility construction or operation 

• to quantify the radiological condition of a site before 
remediation 

• to determine if biotic intrusion (e.g., animal burrows 
or deep-rooted vegetation) has created a potential for 
the spread of contaminants 

• to determine the integrity of waste containment 
systems. 

The maximum concentrations of radioactive isotopes from 
samples collected during these investigations are included 
in this report. 

Generally, the predomjnant radionuclides discovered dur­
ing these efforts were activation products and strontium-90 
in the 100 Areas, fission products in the 200 Areas, and 
uranjum in the 300 Area. Hazardous chemicals generally 
have not been identified above background levels in pre­
operational environmental monitoring samples. 

Investigative samples collected in 1995 included air, water, 
soil (including sediment and radioactive specks), vegeta­
tion (e.g., cryptogams and tumbleweeds), a wasp nest, 
gopher snakes, western rattlesnake, rock doves (domestic 
pigeon), house finch, deer mice, bat, coyote feces and 
coyote jawbone. 

Investigative samples were collected where known or 
suspected radioactive contamination was present, or to 
verify radiological conditions at project sites. In 1995, 
41 such samples were analyzed for radionuclides, and 34 
showed some level of contamination. In addition, 112 
contamination incidents were reported and disposed with­
out isotopic analyses, although field instrument readings 
were recorded for most, during cleanup operations. 
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Environmental Surveillance 

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

Air Surveillance 

Radioactive materials in air were sampled continuously 
at 40 locations onsite, at the Site perimeter and in nearby 
and distant communities. Eight of these locations were 
community-operated environmental surveillance stations 
that were managed and operated by local school teachers. 
At all locations, particulates were filtered from the air and 
analyzed for radionuclides. Air was sampled and ana­
lyzed for selected gaseous radionuclides at key locations. 
Several radionuclides released at the Hanford Site are also 
found worldwide from two other sources: naturally 
occurring radionuclides and radioactive fallout from his­
torical nuclear activities not associated with Hanford. The 
potential influence of emissions from Site activities on 
local radionuclide concentrations was evaluated by com­
paring differences between concentrations measured at 
distant locations within the region and concentrations 
measured at the Site perimeter. 

For 1995, no differences were observed between the annual 
average total beta air concentrations measured at the Site 
perimeter and those measured at distant community loca­
tions. Air concentrations of total alpha are slightly elevated 
at the Site perimeter compared to the distant stations; how­
ever, the concentrations were within the range of histori­
cal values. Numerous specific radionuclides in quarterly 
composite samples were analyzed using gamma scan 
analysis; however, no radionuclides of Hanford origin 
were detected consistently. 

Tritium concentrations for 1995 were slightly elevated at 
the Site perimeter compared to the distant station; how­
ever, the difference was not statisticall y significant. 

Iodine-129 concentrations were statistically elevated at 
the Site perimeter compared to the distant locations indi­
cating a measurable Hanford source; however, the 
average concentration at the Site perimeter was only 
0.000002% of the DOE Derived Concentration Guide of 
70 pCi/m3• The DOE Derived Concentration Guide is 



the air concentration that would result in a radjation dose 
equal to the DOE public dose limit ( 100 mrem/yr) . 

Strontium-90 was detected in 4 of 15 onsite ajr samples, 
with the maximum concentration at 0.003% of the DOE 
Derived Concentration Guide of 9 pCi/m3• Stronti.um-90 
air concentrations were below the detection limit for all 
perimeter and di stant locations. 

Air concentrations of plutonium-238 and americium-241 
were below the detection limit for all samples collected 
in 1995. 

Plutonium-239,240 concentrations were si milar for air 
samples collected at the Site perimeter and the di stant 
locations. The maximum plutonium-239,240 air concen­
tration was 0.02% of the DOE Derived Concentration 
Guide of 0.1 pCi/m3• 

Twelve air samples were collected at several Hanford Site 
locations for polychlorinated biphenyls, polycyclic aro­
matic hydrocarbons, chlorinated pesticides, and phthalate 
plasticizers. The average total polychlorinated biphenyl s 
concentrations ranged from 490 - 660 pg/m3. Fourteen 
polycyclic aromatic hydrocarbons were found above the 
detection limit, with phenanthrene having the highest 
average values (800 - 2,500 pg/m3

). Fluoranthene, pyrene, 
fluorene, chrysene, and benzo(b)fluoranthene were the 
only other polycyclic aromatic hydrocarbons with average 
concentrations above 100 pg/m3. Sixteen chlorinated 
pesticides were found above the detection limits , with 
Endosulfan I (550 - 3,500 pg/m3) and Endosulfan II 
(65 - 750 pg/m3

) having the highest average concentrations. 
The average air concentrations for all other chlorinated 
pesticides were below 100 pg/m3• No phthalate plasticiz­
ers were found above the detection limits . 

There are no ambient air standards for these organic pol­
lutants; therefore, the air concentrations measured on the 
Hanford Site were compared to risk-based concentrations. 
Air samples with concentrations below the risk-based 
concentrations have associated ri sks that are Jess than 
1 x 10·6 for cancer risk and less than 1.0 of a hazard quo­
tient for non-cancer risk. All polycyclic aromatic hydro­
carbons and chlorinated pesticide concentrations were 
below the applicable risk-based concentrations. The 
detection limits for the phthalate plasticizers were well 
below the risk-based concentrations. Al l individual poly­
chlorinated biphenyl concentrations and the average total 
polychlorinated biphenyls air concentrations were below 
the risk-based concentrations; however, the maximum total 
polychlorinated biphenyls concentrations exceeded the 
risk-based concentrations by a factor of two. 

Surface Water and Sediment 
Surveillance 

Summary 

The Columbia River was one of the primary environmental 
exposure pathways to the public during 1995 as a result 
of past operations at the Hanford Site. Radiological and 
chemical contaminants entered the river along the Hanford 
Reach primarily through seepage of contamjnated ground 
water. Water samples were collected from the river at 
various locations throughout the year to determine com­
pliance with applicable standards. 

Although radionuclides associated with Hanford operations 
continued to be identified routinely in Columbia River 
water during the year, concentrations remruned extremely 
low at all locations and were well below standards. The 
concentrations of tritium and total uranium were sionifi-o 

cantly higher (5 % significance level) at the Richland 
Pumphouse (downstream from the Site) than at Priest 
Rapids Dam (upstream from the Site), indicating contri­
bution along the Hanford Reach. Transect sampling in 
1995 revealed elevated tritium concentrations along the 
Benton County shoreljne near the 100-N Area, old Hanford 
Townsite, 300 Area, and the Richland Pumphouse. Total 
uranium concentrations were elevated along both the 
Benton and Franklin Counties shorelines near the 300 Area 
and Richland Pumphouse . The highest total uranium 
concentration was measured near the Franklin County 
shoreline of the Richland Pumphouse transect and likely 
resulted from ground-water seepage and irrigation return 
canals east of the river. 

Several metals and anions were detected both upstream 
and downstream of the Hanford Site. Copper concentra­
tions were slightly elevated along the Benton County 
shoreline of the 300 Area transect. Lead and zinc con­
centrations were elevated along the Benton County 
shoreline of the Richland Pumphouse transect during 
sampling in June. Nitrate concentrations were elevated 
along the Franklin County shoreline of the old Hanford 
Townsite, 300 Area, and Richland Pumphouse transects 
and likely resulted from ground-water seepage associated 
with extensive irrigation north and east of the Columbia 
River. With the exception of nitrate, which had the high­
est average quarterly concentration at the Rich land Pump­
house, no consistent differences were found between 
average quarterly contaminant concentrations in the 
Vernita Bridge and Richland Pumphouse transect samples. 
All metal and anion concentrations in Columbia River 
water collected in I 995 were less than Washington State 
ambient surface water quality criteria levels for acute 
toxicity. However, chronic toxicity levels for lead were 
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exceeded in all Columbia River transect samples with the 
exception of those collected along the 300 Area transect. 
Volatile organic compounds were not routinely detected 
in Columbia River water in 1995. 

In 1995, samples of Columbia River surface sediments 
were collected from permanently-inundated monitoring 
sites above McNary Dam (downstream of the Site) and 
Priest Rapids Dam (upstream of the Site), and along the 
Hanford Reach. Regional median concentrations of 
beryllium-7, strontium-90, and plutonium-239,240 were 
highest in sediment collected above McNary Dam. The 
regional median concentration of cobalt-60 was highest 
in sediment collected along the Hanford Reach. Sediment 
samples were also collected from five periodically­
inundated Columbia Riverbank springs in 1995. The 
highest concentrations of measured radionuclides were 
generally detected in sediment collected from the old 
Hanford Townsite riverbank spring. Exceptions include 
uranium-235 and -238, which were highest in sediment 
collected from the 300 Area riverbank spring, and 
europium-155, which was highest in sediment collected 
from the 100-K Area riverbank spring. 

Levels of all measured metals were detected in all Colum­
bia River sediment samples with the exceptions of silver, 
detected only above McNary Dam, and antimony, detected 
mainly in riverbank spring sediment. Regional median 
concentrations of most metals were highest in McNary 
Dam sediments. The highest median concentration of 
chromium, however, was found in riverbank spring sedi­
ment; maximum concentrations of chromium occurred in 
the 100-K Area, 100-B Area, and 100-F Area riverbank 
spring sediment. 

Water samples were collected from eight Columbia River 
shoreline springs in 1995, contaminated as a result of past 
waste disposal practices at the Hanford Site. All radio­
logical contaminant concentrations measured in riverbank 
spring water in 1995 were less than DOE Derived 
Concentration Guides. However, strontium-90 in the 
100-H Area spring, and tritium in the 100-B Area and old 
Hanford Townsite riverbank springs, exceeded the 
Washington State ambient surface water quality criteria 
levels. There are currently no ambient surface water qual­
ity criteria levels directly applicable to uranium. How­
ever, total uranium exceeded the Site-specific proposed 
EPA drinking water standard in the 300 Area riverbank 
spring. Tritium concentrations were highest in the 
100-B Area and old Hanford Townsite riverbank springs. 
Strontium-90 and technetium-99 concentrations were 
highest in the 100-H Area riverbank spring, iodine-129 
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concentrations were highest in the vicinity of the old 
Hanford Townsite, and total uranium concentrations were 
highest in the 300 Area riverbank spring. 

All nonradiological contaminants measured in riverbank 
springs located on the Hanford shoreline in 1995 were 
below Washington State ambient surface water acute 
toxicity levels with the exceptions of copper and zinc in 
the 100-K Area spring. The chronic toxicity level of 
cadmium and the EPA standard for trichloroethylene 
were also exceeded at the 100-K Area spring. Note that 
riverbank spring sampling protocol does not lend itself to 
a direct comparison of most metal concentrations measured 
in riverbank springs to ambient surface water acute and 
chronic toxicity levels. The standards are used instead as 
a point of reference. Metal concentrations measured in 
riverbank springs in 1995 were highest in the 100-K Area 
riverbank spring with the exception of the chromium 
concentration, which was highest in the 100-0 Area spring. 
Nitrate concentrations were highest in the 100-0, 100-H, 
and 100-F Area springs. Trichloroethylene concentrations 
were highest in the 100-K Area spring. 

Water was collected from three onsite ponds located near 
operational areas in 1995. Although the ponds were not 
accessible to the public and did not constitute a direct 
offsite environmental impact during 1995, they were 
accessible to migratory waterfowl and other animals. As 
a result, a potential biological pathway existed for the 
removal and dispersal of onsite pond contaminants. With 
the exception of uranium-234 and -238 in the October 
sample of West Lake, radionuclide concentrations in the 
onsite pond water were below DOE Derived Concentra­
tion Guides. The average annual total beta concentration 
in West Lake exceeded the ambient surface water quality 
criteria level. Concentrations of most radionuclides in 
water collected from all three ponds during 1995 were 
similar to those observed during past years. However, 
the tritium concentration in the July sample from the Fast 
Flux Test Facility Pond was much higher than that 
observed previously. The elevated level most likely 
resulted from the use of a backup water supply in the 
400 Area during June and July of 1995 . The primary 
source of water to the Fast Flux Test Facility Pond is 
400 Area sanitary water. 

Offsite water, used for irrigation and/or drinking water, 
was sampled in 1995 to determine radionuclide concen­
trations in water used by the nearby public. All radionu­
clide concentrations measured in offsite water supplies 
were below DOE Derived Concentration Guides and 
drinking water standards. The proposed EPA drinking 



water standard for total uranium, however, was exceeded 
at one location. Total uranium concentrations observed 
in offsite water supplies were comparable to those reported 
by the state of Washington elsewhere in Franklin county 
and were not attributable to Hanford operations. Radio­
nuclide concentrations in offsite irrigation water were 
below DOE Derived Concentration Guides and ambient 
surface water quality criteria levels and were similar to 
those observed in Columbia River water. 

Hanford Site Drinking Water 
Surveillance 

Surveillance of Hanford Site drinking water was conducted 
to verify the quality of water supplied by Site drinking 
water systems and to comply with regulatory requirements. 
Radiological monitoring was performed by the Pacific 
Northwest National Laboratory and Westinghouse Hanford 
Company, and nonradiological monitoring was conducted 
by ICF Kaiser Hanford. Radiological results are discussed 
in this report, and nonradiological results are reported 
directly to the Washington State Department of Health. 

During 1995, radionuclide concentrations in Hanford Site 
drinking water were similar to those observed in recent 
years and were in compliance with Washington State 
Department of Health and EPA annual average drinking 
water standards. Slightly elevated tritium levels 
(-20,000 pCi/L) were recorded in 400 Area drinking water 
during June and July 1995, when a backup water supply 
was used. However, the annual average tritium concen­
tration for the 400 Area (8,424 pCi/L) was in compliance 
with the established standard. 

Food and Farm Product Surveillance 

The Hanford Site is situated in a large agricultural area 
that produces a wide variety of food products and alfalfa. 
Milk, eggs, poultry, beef, vegetables, fruit, wheat, alfalfa, 
and wine were collected from areas arou nd the Site. 
Samples were analyzed for cesium-137, cobalt-60, 
iodine-129, plutonium-238, plutonium-239,240, 
strontium-90, technetium-99, triti um, and uranium 
isotopes. 

Most of the farm products sampled did not contain mea­
surable concentrations of these radionuclides. Tritium 
levels in wine have been reported in the past at levels 
higher than could be confirmed at other laboratories where 
split samples were sent for analyses. This discrepancy 
was found to be caused by analyzing the initial disti llates 
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from the sample. These distillates also contained alcohol, 
which produces spuriously high results. By analyzing 
distillates obtained after the alcohol was distilled, the bias 
was eliminated. Other radionuclides that are infrequently 
detected at levels close to detection limits are generally 
considered background levels. Iodine-129 in milk and 
strontium-90 in alfalfa, which occur in their respective 
media in very small concentrations, may be linked to past 
Hanford operations. Their concentrations have been 
decreasing to background levels over the past six years. 

Fish and Wildlife Surveillance 

Analysis of wildlife for radionuclides indicated that some 
species had accumulated levels of radionuclides greater 
than background levels. Strontium-90 was detected in 
the offal of Columbia River whitefish and suckers at 
levels slightly exceeding levels found in a population of 
whitefish upstream in the Wenatchee River. Manmade 
radionuclides were not detected in fillets of whitefish. 
Similar levels of strontium-90 were also measured in 
goose eggshells collected from Hanford Reach islands and 
a background island located in the Priest Rapids dam 
impoundment upstream of the Site. Populations of geese 
were also sampled from the Reach. Strontium-90 was 
observed in bone at levels consistent with background 
levels of strontium-90 in the riverine ecosystem. 
Cesium-137 was intermittently detected in muscle samples. 
Collectively, the levels of radionuclides measured in 
Hanford fish and wildlife indicate accumulations of small 
amounts of specific radionuclides that possibly originated 
either from historic fallout or Hanford Site activities. 

Soil and Vegetation Surveillance 

Soil and vegetation samples were not collected in 1995. 
Sampling will be conducted periodically in the future 
consistent with ongoing Site cleanup activities. 

External Radiation Surveillance 

Radiological dose rates were measured at various loca­
tions, both on and off the Hanford Site, using thermolu­
minescent dosimeters. Contributors to the measured 
radiological doses included natural and artificial sources. 
In 1995, a new thermoluminescent dosimeter system, 
including new dosimeters and new readers, was employed 
to measure dose rates at the Hanford Site. In 1995, dose 
rates declined when compared to dose rates measured in 
1994 (using the old system). 
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The average background radiological dose rate, calculated 
from thermoluminescent dosimeter results from Yakima 
and Sunnyside, and a new location at Heritage College 
in Toppenish (all locations are considered distant and 
upwind relative to Hanford), was 72 ± 8 mrem/yr as 
compared to the average downwind perimeter dose rate 
of 86 ± 8 mrem/yr. These represent an approximate 25% 
decrease in the background and a 23 % decrease in the 
perimeter locations when compared to 1994 results. 
The decreases are attributable to changes in thermolu­
minescent dosimeter locations, natural variation between 
these locations, and the new thermoluminescent dosim­
eter system. The average dose rate measured onsite 
(86 ± 4 mrem/yr) was higher than either the average 
perimeter or the average background dose rates. 

Dose rates at the Columbia River shoreline near the 
I 00-N Area were approximately twice the typical shore­
line dose rates. The higher I 00-N shoreline dose rates 
may be attributable to radiation from the 100-N Area 
liquid waste disposal facilities and work done in the 
100-N Area during the third quarter of the calendar 
year. 

Ground-Water Protection and 
Monitoring 

Radiological and chemical constituents in ground water 
were monitored during 1995 throughout the Hanford Site 
in support of the overall objectives described in Sec­
tion 4.0, "Environmental Surveillance Information." 
Monitoring activities were conducted to identify and 
quantify existing, emerging, or potential ground-water 
quality problems; assess the potential for contaminants to 
migrate off the Hanford Site; and prepare an integrated 
assessment of the condition of ground water on the Site. 
To comply with the Resource Conservation and Recov­
ery Act, additional monitoring was conducted to assess 
the impact that specific facilities have had on ground­
water quality. During 1995, approximately 800 Hanford 
Site wells were sampled to satisfy ground-water monitor­
ing needs. As discussed in Section 4.2, "Surface Water 
Surveillance," four additional wells located across the 
Columbia River and east of the Site were sampled to 
determine whether Hanford operations had affected water 
quality offsite. 

Analytical results for samples were compared with EPA's 
Maximum Contaminant Levels (or Drinking Water Stan­
dards) (Table C.2, Appendix C) and DOE's Derived 
Concentration Guides (Table C.5 , Appendix C). Ground 
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water beneath the Hanford Site is used for drinking at three 
locations. In addition, water supply wells for the City of 
Richland are located near the southern boundary of the 
Hanford Site. 

Radiological monitoring results indicated that cesium-137, 
cobalt-60, iodine-129, strontium-90, technetium-99, 
total alpha, total beta, tritium, uranium, and plutonium 
concentrations were detected at levels greater than the 
Drinking Water Standard in one or more wells onsite. 
Concentrations of tritium greater than the DOE Derived 
Concentration Guide were detected in the 200 Areas. 
Concentrations of strontium-90 greater than the DOE 
Derived Concentration Guide were detected in the 
lO0-K Area, 100-N Area, and 200-East Area. Concen­
trations of uranium greater than the DOE Derived 
Concentration Guide were detected in the 200-West Area. 
Plutonium concentrations greater than the DOE Derived 
Concentration Guide were detected in the 200-East Area. 

Extensive tritium plumes extend from the 200-East and 
200-West Areas into the 600 Area. The plume from the 
200-East Area extends east and southeast, discharging to 
the Columbia River. This plume has impacted tritium 
concentrations in the 300 Area at levels of more than 
one-half the Drinking Water Standard. The spread of this 
plume farther south than the 300 Area is restricted by the 
ground-water flow away from the Yakima River and the 
recharge ponds associated with the north Richland well 
field. Ground water with tritium at levels above the Drink­
ing Water Standard also discharges to the Columbia River 
in the 100-N Area and immediate vicinity. A small but 
high concentration tritium plume near the 100-K East 
Reactor also may discharge to the river. Tritium at levels 
greater than the Drinking Water Standard was also found 
in the 100-B, 100-D, and 100-F Areas. 

Cobalt-60 was detected in the 600 Area north of the 
200-East Area at levels above the Drinking Water 
Standard. 

The strontium-90 plume in the 100-N Area, which con­
tains concentrations greater than the DOE Derived Con­
centration Guide, discharges to the Columbia River. 
Localized areas in both the 100-K Area and 200-East Area 
also contain strontium-90 at levels greater than the DOE 
Derived Concentration Guide. Strontium-90 is found at 
levels greater than the Drinking Water Standard in the 
100-B, 100-D, 100-F, 100-H, 100-K, and 200-West Areas, 
and the 600 Area in the former Gable Mountain Pond area. 
These plumes extend to the Columbia River. 



Technetium-99 at concentrations greater than the Drinking 
Water Standard was found in the northwestern part of the 
200-East Area and adjacent 600 Area. Technetium-99 was 
also detected at levels greater than the Drinking Water 
Standard in the 100-H Area and the 200-West Area and 
adjacent 600 Area. Ground water in one well completed 
in the upper-confined aquifer in the northern part of the 
200-East Area had technetium-99 concentrations above 
Drinking Water Standards. 

Iodine-129 was detected at levels greater than the Drinking 
Water Standard in the 200-East Area and in an extensive 
part of the 600 Area to the east and southeast. The 
iodine-129 and tritium share common sources; however, 
there is no indication that iodine-129 is present at con­
centrations greater than the Drinking Water Standard in 
the ground water currently discharging to the Columb.ia 
River. Iodine-129 at levels greater than the Drinking 
Water Standard also extends into the 600 Area to the 
northwest of the 200-East Area. Iodine-129 exists in 
ground water above the Drinking Water Standard in the 
southern part of the 200-West Area and extends into the 
600 Area. There is a less extensive iodine-129 plume at 
levels greater than the Drinking Water Standard in the 
northcentral part of the 200-West Area. 

Cobalt-60 was detected above the Drinking Water Standard 
in the 600 Area north of 200-East Area in one well com­
pleted in the unconfined aquifer and in one well completed 
in the confined aquifer. 

Cesium-137 was detected only in the 200-East Area. Con­
centrations greater than the Drinking Water Standard were 
restricted to one well. 

Uranium was detected at levels greater than the Drinking 
Water Standard (proposed) in wells in the 100-F, 100-H, 
200-East, 200-West, 300, and 600 Areas. Ground water 
with uranium concentrations greater than the Drinking 
Water Standard appears to be discharging to the Colum­
bia River from the 300 Area. Wells near the U Plant in 
the 200-West Area had concentrations greater than the 
DOE Derived Concentration Guide. 

Plutonium was detected in ground-water samples from two 
wells in the 200-East Area. The level in one of these 
wells exceeded the DOE Derived Concentration Guide. 

Certain nonradioactive chemicals regulated by the EPA 
and the State of Washington were also present in Hanford 
Site ground water. 

Summary 

Nitrate concentrations exceeded the Drinking Water Stan­
dard at locations in all 100 Areas with the exception of 
the 100-B Area. Those ground-water plumes discharge 
to the Columbia River. Nitrate from the 200-East Area 
extends east and southeast in the same area as the tritium 
plume. Nitrate from sources in the northwestern part of 
the 200-East Area is present in the adjacent 600 Area at 
levels greater than the Drinking Water Standard. Nitrate 
is also present at levels greater than the Drinking Water 
Standard in the 200-West Area and adjoining 600 Area 
locations. Some of the nitrate in the 600 Area, 1100 Area, 
and North Richland area is believed to result from offsite 
sources. 

Fluoride was measured at levels greater than the primary 
Drinking Water Standard in the 200-West Area. 

Chromium was found at levels greater than the Drinking 
Water Standard in the 100-B, 100-D, 100-F, 100-H, 100-K, 
100-N, 200-East, 200-West, and 600 Areas. 

Cyanide was detected above the Drinking Water Standard 
in one 600 Area well north of the 200-East Area. 

An extensive plume of carbon tetrachloride at level s 
greater than the Drinking Water Standard was found in 
ground water at the 200-West Area and extends into the 
600 Area. A less extensive plume of chloroform, which 
may be a degradation product of the carbon tetrachloride, 
is associated with the carbon tetrachloride plume. Maxi­
mum chloroform levels are also greater than its Drinking 
Water Standard. 

Trichloroethylene was found at levels greater than the 
Drinking Water Standard in the 100-F Area and in the 
600 Area to the west. Trichloroethylene was also detected 
at levels greater than the Drinking Water Standard in 
the 100-K and 200-West Areas. Trichloroethylene in 
the 300 Area and near the Horn Rapids Landfill was 
also measured at levels greater than the Drinking Water 
Standard. 

A comprehensive review of all ground-water monitoring 
work on the Site is published annually. Before 1989, these 
reports contained complete listings of all radiological and 
chemical data collected during the reporting periods . 
Currently, complete listings for ground-water data can be 
found in a diskette included in this annual ground-water 
monitoring report. 
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Potential Doses from 1995 
Hanford Operations 

In 1995, potential public doses resulting from exposure 
to Hanford liquid and gaseous effluents were evaluated 
to determine compliance with pertinent regulations and 
limits. These doses were calculated from reported efflu­
ent releases and environmental surveillance data using 
Version 1.485 of the GENII code (Napier et al. 1988a, 
1988b, 1988c) and Hanford site-specific parameters. 
Specific information on sample collection, analyses, and 
the sample results used in these calculations are briefly 
described in the following summary sections discussing 
effluent monitoring and environmental surveillance. 

The potential dose to the maximally exposed individual 
in 1995 from Hanford operations was 0.02 mrem 
(2 x 104 mSv), compared to 0.04 mrem (4 x 10-4 mSv) 
calculated for 1994. The radiological dose to the local 
population of 380,000 from 1995 operations was 
0.3 person-rem (0.003 person-seivert), compared with the 
dose of 0.6 person-rem (0.006 person-Sv) calculated for 
1994 operations. The average per capita dose from 1995 
Hanford operations was 0.0009 mrem (9 x 10·6 mSv). The 
current DOE radiological dose limit for an individual 
member of the public is 100 mrem/yr ( l mSv/yr), and the 
national average dose from natural background sources is 
300 mrem/yr (3 mSv). The average individual potentially 
received 0 .001 % of the standard and 0.0003 % of the 
300 mrem/yr received from typical natural sources. 

Special exposure scena1ios not included in the above dose 
estimates include the potential consumption of game 
residing on the Hanford Site and exposure to radiation at 
a publicly accessible location with the maximum exposure 
rate. Doses from these sources also would have been small 
compared to the dose limit. 

Dose through the air pathway was 0.06% of the EPA limit 
of JO mrem/yr (40 CFR 61). 

Other Hanford Site 
Environmental Programs 

Environmental programs were conducted at the Hanford 
Site to restore environmental quality, manage waste, 
develop appropriate technology for cleanup activities, and 
study the environment. These programs are discussed 
below. 
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Meteorological measurements are taken at Hanford to 
support Site emergency preparedness, Site operations, 
and atmospheric dispersion calculations. Weather 
forecasting and the maintenance and distribution of 
climatological data are provided. 

The Hanford Meteorological Station is located on the 
200 Area Plateau where the prevailing wind direction 
is from the northwest during all months . The second­
ary wind direction is from the southwest. The average 
wind speed for 1995 was 12.6 km per hour (7.8 mph) , 
which was slightly less than normal, and the peak gust 
for the year was 98 km per hour (61 mph). 

Precipitation for 1995 totaled 31.3 cm (12.3 in .), 196% 
of normal, with 19.6 cm (7.7 in.) of snow recorded. 
1995 was the w_ettest year on record. 

Temperatures for 1995 ranged from -13.3°C (8°F) in 
January and February to 40.6°C (105°F) in July. 

Wildlife inhabiting the Hanford Site is monitored to 
determine the status and condition of the populations, and 
to assess effects of Hanford Site operations. Particular 
attention is paid to species that are rare, threatened, or 
endangered nationally or statewide and those species that 
are of commercial , recreational , or aesthetic importance 
statewide or locally. These species include the bald eagle, 
chinook salmon, Rocky Mountain elk, mule deer, Canada 
goose, several species of hawk, and other bird species. 
Fluctuations in wildlife and plant species on the Hanford 
Site appear to be a result of natural ecological factors and 
management of the Columbia River system. 

The Hanford Cultural Resources Laboratory was estab­
lished by the DOE Richland Operations Office in 1987 
as part of the Pacific Northwest National Laboratory. 
Cultural resources on the Hanford Site are closely moni­
tored, and projects are relocated to avoid sites in cases 
where there is a possibility of altering any properties that 
may be eligible for listing on the National Register of 
Historic Places. 

It appears that erosive processes and human activities are 
the most significant factors affecting most sites and 
buildings. Wind erosion from off-road vehicle use and 
vandalism plays a big part in the deterioration of sites 
inside and outside the Site boundary while alteration or 
demolition activities cause impacts to buildings and/or 
structures. 
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The community-operated environmental surveillance 
program was initiated in 1990 to increase the public's 
involvement in and awareness of Hanford's surveillance 
program. Eight surveillance stations were operating in 
1995. 

Quality Assurance 

Comprehensive quality assurance programs, which include 
various quality control practices and methods to verify 
data, are maintained to ensure data quality. The quality 
a surance programs are implemented through quality 
assurance plans designed to meet requirements in the 
American National Standards Institute/American Society 
of Mechanical Engineers NQA- l quality assurance pro-

Summary 

gram document and DOE Orders. Quality assurance plans 
are maintained for all activities, and auditors verify con­
formance. Quality control methods include, but are not 
limited to, replicate sampling and analysis, analysis of 
field blanks and blind reference standards, participation 
in interlaboratory cross-check studies, and spljtting 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 historical data. Analytical laboratory 
performance on the submitted double-blind samples, the 
EPA Laboratory lntercomparison Studies Program, and 
the national DOE Quality Assessment Program indicated 
that laboratory performance was adequate overall, was 
excellent in some areas, and needed improvement in other . 
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Table 3.1.3. Radionuclides in Liquid Effluents 
Discharged to Ground Disposal Facilities from the 

200 Areas, 1995 

Radionuclide Half-Life Release, Ci<al 

3H 12.3 yr 1.5 X 10·2 

60Co 5.3 yr 9.5 X ]0·3 

90Sr 29.J yr 1.2 X lQ•I 

99'fc 2.1 x 105 yr 2.3 X 10-4 

106Ru 368 d 1.9 X 10·1 

11 3sn 115 d 1.0 X lQ·I 

125Sb 2.8 yr 3.8 X lQ·3 

134Cs 2.1 yr 1.2 X 10·3 

mes 30 yr 4.5 X 10·2 

1s2Eu 13.3 yr 1.1 x 10-3 

1s4Eu 8.8 yr 3.3 X 10·2 

1ssEu 4.96 yr 2.3 X 10·2 

Total uranium >2.4 x 105 yr 5.5 X 10-4 

238Pu 87.7 yr 7.5 X 10-4 

239,240pu 2.4 X 104 yr 7.2 X lQ·3 

241Am 432 yr 1.2 X lQ·3 

(a) l Ci= 3.7 x 1010 Bq. 

Nonradioactive Hazardous Materials 
in Liquid Effluents 

Nonradioactive hazardous materials in liquid effluents 
are monitored in the 100, 200, 300, and 400 Areas . 
These effluents are typically discharged to cribs, ponds, 
ditches , trenches, and the Columbia River. Effluents 
entering the Columbia River at designated discharge 
points are sampled and analyzed to determine compli­
ance with the National Pollutant Discharge Elimination 
System permits for the Site. Should chemicals in liquid 
effluents that exceed quantities reportable under the 
Comprehensive Environmental Response, Compensa­
tion, and Liability Act, the release totals are reported 
immediately to EPA. If emissions remain stable at 
predicted levels, they may be reported annua ll y with 
EPA's permjssion. Table 3.1.5 contains a synopsis of 
the National Pollutant Discharge Elimination System 
permit violations in 1995. 

Facility Effluent Monitoring 

Table 3.1.4. Radionuclides in Liquid Effluents 
Discharged to the Columbia River from the 100 Areas, 
1995 

Radionuclide Half-Life Release Ci<•l 

3H 12.3 yr J.5 X 10·1 

60Co 5.3 yr 1.1 X lQ·4 

90Sr 29.1 yr 2.1 X lQ•I 

106Ru 368 d ND(b) 

12ssb 2.8 yr 2.7 X lQ-4 

134Cs 2.1 yr ND 

me s 30 yr 2.J X tQ-) 

1s4Eu 8.8 yr 4.1 X 10·3 

238pu 87.7 yr ND 

239_240Pu 2.4 X 104 yr 4.3 X lQ·7 

24 1Am 432 yr 1.2 X lQ·5 

(a) 1 Ci= 3.7 x 1010 Bq. 
(b) ND = not detected. 

Liquid effluents containing both radioactive and hazardous 
constituents are stored at the 200 Areas in underground 
waste storage tanks or monjtored interim storage facibties. 
Activities in the 600 and 1100 Areas generate neither 
radioactive nor nonradioactive hazardous liquid effluents. 

Comprehensive Environmental 
Response, Compensation, 
and Liability Act and 
Washington Administrative 
Code Chemical Releases 

Chernical releases are hazardous chemicals discharged 
directly to the environment, rather than through a liquid 
effluent stream. These releases almost entirely consist 
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of accidental spills . Releases of hazardous substances 
exceeding specified quantities that are continuous and 
stable in quantity and rate must be reported as required 
by Section l03(f)(2) of the Comprehensive Environmental 
Response, Compensation, and Liability Act as amended. 

There were 18 releases reported under the Comprehensive 
Environmental Response, Compensation, and Liability 
Act-reportable quantity and Washington Administrative 

Table 3.1.5. National Pollutant Discharge Elimination 
System Permit Violations, 1995 

Date Facilit Material Concentration 

5/23/95 310 TEDP•l Copper solution 0.3 µg/L 

6106195 310 TEDF Copper solution 5.0 µg/L 

7/07/95 310 TEDF Copper olution 0.7 µg/L 

7/11/95 310 TEDF Total suspended 
solid 2.0 mg/L 

8/22/95 310 TEDF Bis ' phthalate 9 µg/L 

(a) TEDF = Treated Effluent Disposal Facility. 
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Code requirements by Hanford contractors in 1995. 
Effective July 1995, the reportable ethylene glycol quantity 
was increased from 0.454 kg (1 lb) to 2270 kg (5 ,005 lb), 
by the final rule for Federal Register 60FR30926. The 
number of reportable ethylene glycol releases have been 
significantly reduced as a result of the change in the 
reportable quantity. Table 3.1.6 contains a synopsis of 
1995 Comprehensive Environmental Response, Compen­
sation, and Liability Act reportable spills. 

Table 3.1.6. Comprehensive Environmental Response, 
Compensation, and Liability Act and Washington 
Administrative Code Reportable Spills, 1995 

Material Occurrences Quantit (a) 

Ethylene glycol ll 67.6 kg 

#6 fuel oil 4 kg 

Sodium hydroxide 3.8 L 

Freon R-12 79 g 

Mercury (metallic) 190 g 

Sulfur dioxide U ndetermined<hJ 

Diesel/unleaded fuel U ndetermined<cJ 

Waste oil l Undetermined<dJ 

(a) To convert kg to lb, multiply by 2.205; grams to lb, 
multiply by 0.002205; L to gal, multiply by 0.2642. 

(b) Released to atmosphere, violated Washington 
Administrative Code air emission standard of 
1,000 ppm/h. 

(c) This spill was found while removing underground 
storage tanks. 

(d) This spill was found while removing an under­
ground storage tank. 



3.2 Near-Facility Environmental Monitoring 

J. W Schmidt, J. W Fassett, R. G. Gant, A. R. Johnson, B. M Markes, 
S. M McKinney, R. M Mitchell, and C. J. Perkins 

Several types of environmental media are sampled near 
nuclear facilities to monitor the effectiveness of con­
tamination control in waste management and restoration 
activities, and effluent treatment and control practices. 
These media include air, surface water and springs, 
surface contamination, soil and vegetation, vadose zone 
monitoring, investigative sampling (which can include 
wildlife), and external radiation. Sampling and analysis 
information and analytical results for 1995 for each of 
these media are summarized below. Additional data and 
more detailed information may be found in Westinghouse 
Hanford Company Operational Environmental Monitoring 
Annual Report, Calendar Year 1995 (Schmidt et al. 1996). 

Near-Facility Environmental 
Monitoring at the Hanford Site 

Near-facility environmental monitoring is defined as 
routine monitoring near facilities that have potential to 
discharge, or have discharged, stored, or disposed of 
radioactive or hazardous contaminants . Monitoring 
locations are associated mostly with major nuclear 
facilities such as the Plutonium-Uranium Extraction 
Plant and N Reactor, and waste storage or disposal 
facilities such as burial grounds, tank farms, ponds, 
cribs, trenches, and ditches. 

Much of the monitoring progran1 consists of collecting 
and analyzing environmental samples and methodically 
surveying areas near facilities releasing effluents and 
waste streams. The program also evaluates acquired 
analytical data, determines the effectiveness of facil ity 
effluent monitoring and controls, measures the adequacy 
of containment at waste disposal units, and detects and 
monitors unusual conditions. The program implements 
applicable portions of DOE Orders 5400.1, 5484.1 , 
5400.5, and 5820.2A; Washington State Code (WAC) 
246-247; and 40 CFR 61, "National Emission Standards 
for Hazardous Air Pollutants." 

Routine monitoring activities include sampling and 
monitoring ambient air, water from surface-water 
disposal units, external radiation dose, the vadose zone, 
soil, sediment, vegetation, and animals. Some of the 
parameters typically monitored are pH, radionuclide 
concentrations, radiation exposure levels, and concentra­
tions of selected hazardous chemicals. Samples are 
collected from known or expected effluent pathways. 
These pathways are generally downwind of potential or 
actual airborne releases and downgradient of I iquid 
discharges. The routine activities of near-facility monitor­
ing in 1995 are summarized in Table 3.2.1 , which shows 
the type, quantity, and location of samples collected. 
A detailed discussion of results for ground-water wells 
used specifically to monitor operating facilities may be 
found in the near-facility environmental monitoring 
report for 1995 (Schmidt et al. 1996). 

Waste disposal sites and the terrain surrounding them 
are surveyed to detect and characterize radioactive smface 
contamination. Routine survey locations include cribs , 
trenches, retention basin perimeters, pond perimeters, 
ditch banks, solid waste disposal sites (for example, 
burial grounds, trenches), unplanned release sites, tank 
farm perimeters, stabilized waste disposal sites, roads, 
and firebreaks in and around the Site operational areas. 

Air Monitoring 

Near-facility air sampling monitors the effectiveness of 
waste management and effluent treatment and controls 
in reducing effluents and emissions; these systems also 
monitor diffuse source emissions. 

Collection and Analysis of Air Samples 

Radioactivity in air was sampled by a network of con­
tinuously operating samplers at 47 locations near nuclear 
facilit ies: four were located in the 100-N Area, four 
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Table 3.2.1. Near-Facility Routine Environmental Samples and Locations, 1995 

Total Number of 
Sample Type Sample Locations 100-K Area 

Air 47 4 
Surface water 13 0 
External radiation 199 11 
Soil 80 0 
Vegetation 86 0 

(a) Includes one station located at the Wye Barricade. 

100-N Area 

4 
8 

1Q4(b) 

12 
20 

200/600 Areas 

38(a) 

5 
63 
53 
50 

300/400 Areas 

1 
0 

21 
15 
16 

(b) Thirty thermoluminescent dosimeters and 74 survey points. 

were in the 100-K Area, 37 were in the 200 Areas, 
one was located near the 300 Area Treated Effluent 
Disposal Facility, and one station was collocated with 
samplers operated by the Pacific Northwest National 
Laboratory and the Washington State Department of 
Health at the Wye Barricade in the 600 Area. To avoid 
duplication of sampling, the near-facility environmental 
monitoring program used existing Pacific Northwest 
National Laboratory air samplers in the 300 and 400 Areas. 
Results for these areas are reported in Section 4.1, "Air 
Surveillance," and are not discussed here. Air samplers 
were located primarily at or near (within approximately 
500 m [ 1500 ft]) sites and/or facilities having the potential 
for, or history of, environmental releases, with an emphasis 
on the prevailing downwind direction. 

Samples were collected according to a schedule established 
before the monitoring year (Schmidt 1994). Airborne 
particles were sampled at each of the e stations by drawing 
air through a glass-fiber filter. The filters were collected 
biweekly, field-surveyed for gross radioactivity to detect 
any unusual trends or off-normal occurrences, held for at 
least 7 days, and then analyzed for total alpha and beta 
activity. The 7-day holding period was necessary to allow 
for the decay of naturally occurring radionuclides that 
would otherwise obscure detection of longer-lived radionu­
clides associated with emissions from nuclear facilities. 
The total radioactivity measurements were used to indicate 
changes in trends in the near-facility environment. 

For most radionuclides, the amount of radioactive material 
collected on a single filter during a 2-week sampling 
period was too small to be measured accurately. The 
accuracy of the sample analysis was increased by compos­
iting the samples into biannual samples for each location. 
Each composite sample was then sent to Quanterra Inc. 
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(Richland, Washington) to be analyzed for plutonium-238, 
-239,240, -241; strontium-90; uranium-234, -235, -238; 
and gamma-emitting radionuclides (e.g., cesium-137, 
cobalt-60). 

Radiological Results for Air Samples 

Of the radionuclide analyses performed, cesium-137; 
plutonium-239,240; strontium-90 ; and uranium were 
consistently detectable in the 200 Areas . Cobalt-60, 
infrequently plutonium-239,240, were detectable in the 
l00-N Area. Air concentrations for these radionuclides 
were elevated near facilities compared to the concentra­
tions measured offsite. Figure 3.2.1 shows average 
values for 1995 and the preceding 5 years for selected 
radionuclides compared to DOE Derived Concentration 
Guides and the background air concentration as mea­
sured by the Pacific Northwest National Laboratory in 
distant communities. The DOE Derived Concentration 
Guides are reference values that are u ed as indices of 
performance (see Appendix C, Table C.5). The data 
indicate a large degree of variability. In general, samples 
collected from air samplers located at or directly adjacent 
to nuclear facilities had higher concentrations than did 
those samples collected farther away. The data also 
show that concentrations of certain radionuclides were 
higher within different operational areas. Generally, the 
predominant radionuclides are activation products (i.e., 
gamma emitters) in the 100 Areas and fission products in 
the 200 Areas. In 1995, plutonium-241 was included as 
an analyte for the first time to more completely account 
for the dose to the public. This also made the monitoring 
consistent with the facility effluent monitoring analytes. 
A more detailed data summary is provided in Schmidt 
et al. (1996). 
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100-N Area 

Analytical results from ambient air samples taken in the 
100-N Area continued to be at or near background con­
centrations for most radionuclides as a result of facility 
shutdowns and improved effluent controls and waste 
management practices. Concentrations were much less 
than the DOE Derived Concentration Guides; however, 
they were slightly greater than levels measured offsite. 

100-K Area 

Analytical results from 100-K ambient air samples show 
quantities ofplutonium-239,240, and -241; americium-241 ; 
and cesium-137 that were slightly above detection levels 
(see Schmidt et al. 1996). These levels were much less 
than the DOE Derived Concentration Guides; however, 
they were greater than levels measured offsite. The 
results are slightly higher than 1994 values, which was 
expected due to higher facility emissions in 1995. Facility 
emissions have increased because the basins, which were 
used for spent nuclear fuel storage only, are being 
prepared for fuel removal. 

200 Areas 

Analytical results from ambient air amples taken in the 
200 Areas showed a downward trend for most radionu­
clides as a result of facility shutdowns, better effluent 
controls , and improved waste management practices. 
Although levels were much less than the DOE Derived 
Concentration Guides, they were greater than those mea­
sured offsite. Levels were higher for plutonium-239,240; 
strontium-90; and uranium than those measured in the 
100-N Area. 

Surface-Water Disposal Units 
and 100-N Riverbank Springs 
Monitoring 

Surface-water disposal units (open ponds and ditches) 
used by the operating facilities and springs along the 
100-N Area Columbia River shoreline are monitored to 
assess the effectiveness of effluent and contamination 
controls. Surface water disposal units in the 200 Areas 
have declined from a maximum of five (216-2-21 Basin, 
200-West Powerhouse Pond, 216-T-4 Ditch, 
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216-B-3C Pond, and 200-East Powerhouse Ditch) to two 
during 1995 . These two are the 200-East Area Power­
house Ditch and the 216-B-3C Pond. Water sampling in 
the 216-T-4 Ditch, located in the 200-West Area, was 
conducted from mid-January through March 1995. Sedi­
ment and aquatic vegetation samples were not collected 
from this ditch in 1995 because it was cleaned up and 
filled in prior to May, when these samples are normally 
collected. A more detailed description may be found in 
Schmidt et al. (1996). 

Collection and Analysis of 
Surface-Water Disposal Unit and 
100-N Riverbank Springs Samples 

Samples from surface-water disposal units and Columbia 
River shoreline springs were collected from various 
locations in the operational areas. A more detailed 
description of sampling locations is given in Schmidt 
et al. (1996). Samples collected from surface-water 
disposal units included water, sediment, and aquatic 
vegetation. Only water samples were taken at river 
shoreline springs. The sampling methods are discussed 
in detail in Operational Environmental Monitoring (WHC 
I 991 b ). To avoid duplication of sampling, the near­
facility environmental monitoring program used surface­
water sample data collected by the Pacific Northwest 
National Laboratory for the 400 Area. Results for the 
400 Area sampling are reported in Section 4.2, "Surface 
Water and Sediment Surveillance," and are not discussed 
here. 

Radiological analyses of water samples from surface-water 
dispo al units were performed by the Waste Sampling 
and Characterization Facility in 1995. Analyses included 
plutonium-238; plutonium-239,240; uranium ; tritium; 
strontium-90; and gamma-emitting radionuclides. Radio­
logica l analyses of sediment and aquatic vegetation 
samples were performed for plutonium-239,240; 
strontium-90 ; uranium; and gamma-emitting radionu­
clide . Nonradiological analyses were performed for pH, 
temperature, and nitrates. Analytes of interest were 
selected based on their presence in effluent discharges 
and their importance in verifying effluent control and 
determining compliance with applicable effluent discharge 
standards. Surface-water disposal units that received 
potentially radioactively contaminated effluents were 
within posted radiological control areas. 



Radiological Results for 
Surface-Water Disposal Units 

Radiological analytical results for liquid samples from 
surface-water disposal units (ponds and ditches) located 
in the 200 Areas are summarized in Table 3.2.2. In all 
cases, radionuclide concentrations in surface-water 
disposal units were less than the DOE Derived Concen­
tration Guides and in most cases were equal to or less 
than the analytical detection limit. 

Radiological analytical results for aquatic vegetation and 
sediment samples taken from surface-water disposal units 
located in the 200 Areas are summarized in Tables 3.2.3 
and 3.2.4, respectively. Although there were some 
elevated levels in both aquatic vegetation and sediment, 
in all cases the radiological analytical results were much 
less than the standards cited in the Hanford Site Radio­
logical Control Manual (HSRCM 1994). 

Near-Facility Environmental Monitoring 

A more detailed data summary for samples taken to 
monitor surface-water disposa l units is provided in 
Schmidt et al. (1996). 

Radiological Results for 
100-N Riverbank Springs 

In the past, radioactive effluent streams sent to the 
1301-N and 1325-N Liquid Waste Disposal Facilities 
in the 100-N Area contributed to the release of radionu­
clides to the Columbia River through their migration with 
the ground water. Radionuclides enter the Columbia 
River along the riverbank region known as the N Springs. 
Releases into the river at N Springs are calculated based 
on analysis of weekly samples collected from a monitor­
ing well (well 199-N-46) located near the shoreline. 
A more detailed discussion of the release calculations 
may be found in the report, Environmental Releases 
for Calendar Year 1995 (WHC 1996). 

Table 3.2.2. Radiological Results for Liquid Samples from Surface-Water Disposal Units (pCi/L), 200 Areas, 1995 

Number of 
Sample Location<•> Sam !es 23spu 239Pu U Total 3H 90Sr 137Cs 

200-West Area Ditch 3 Mean 0.017 0.0036 2.1 X J0·5 <45Q(b) 19.0 14.0 
Maximum 0.060 0.041 8.2 X J0·5 <450 27.0 18.0 

200-West Area Ponds 24 Mean 0.00031 0.074 6.0 X J0·5 <450 0.77 -0.18(<) 

Maximum 0.032 0.18 1.7 X lQ·4 <450 6.0 1.3 

200-East Area Ditch 12 Mean 0.014 0.042 1.9 X lQ·4 <450 0.90 -0.97 
Maximum 0.23 0.15 2.6 X lQ-4 <450 19.0 2.80 

200-East Area Pond 12 Mean 1.2 1.1 2.2 X lQ-4 <450 -0.68 0.15 
Maximum 1.1 13 2.7 X lQ·4 <450 2.30 3.0 

DCG(d) 40 30 soo<e> 2,000,000 1,000 3,000 

(a) 200-West Area Ditch : 216-T-4 Pond. 
200-West Area Ponds: 216-Z-21 Basin, 200-West Powerhouse Pond. 
200-East Area Ditch: 200-East Powerhouse Ditch. 
200-East Area Pond: 216-B-3C Pond. 

(b) The detection limit for 3H is 450 pCi/L . 
(c) Negative values indicate results at or below background levels of radioactivity. 
(d) DCG = DOE Derived Concentration Guide. 
(e) Using 234U as the most limiting DCG. 
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Table 3.2.3. Radiological Results for Aquatic Vegetation Samples from Surface-Water Disposal Units (pCi/g, dry wt), 
200 Areas , 1995 

Number of 
Sample Locations<•> Samples 90Sr mes 239,240pu U Total (g/g) 

20O-West Area Ponds 2 Mean 2.4 2.0 2.1 4.4 X 10·8 

Maximum 3.6 3.7 4.2 8.6 X 10·8 

20O-Ea t Area Pond 2 Maximum 0.56 4.0 0.91 J.O X IQ·8 

20O-East Area Ditch Maximum 1.6 2.3 2.9 4.9 X lQ·9 

(a) 20O-West Area Ponds: 216-Z-2 l Basin, Powerhouse Pond. 
20O-East Area Pond: 216-B-3C Pond. 
20O-East Area Ditch: Powerhouse Ditch. 

Table 3.2.4. Radiological Results for Sediment Samples from Surface-Water Disposal Units (pCi/g, dry wt), 
200 Areas, 1995 

Number of 
Sam le Locations<•> Samples mes 239.24opu 90Sr U Total ( / ) 

20O-West Area Ponds 2 Mean NA(b) 0.28 0.78 1.7 X lQ·7 

Maximum 0.08 0.39 1.2 3.2 X IQ·7 

200-East Area Pond l Maximum 6.6 2.0 0.57 1.6 X 10·7 

20O-East Area Ditch 1 Maximum NR<c> 0.52 0.41 3.8 X lQ·S 

(a) 20O-West Area Ponds: 216-Z-21 Basin, Powerhouse Pond. 
20O-East Area Pond: 216-B-3C Pond. 
20O-East Area Ditch: Powerhouse Ditch. 

(b) NA = not available (1 37Cs was reported for one 20O-West Area Pond only). 
(c) NR = not reported. 

Ground-water springs along the 10O-N Area shoreline 
are sampled annually to verify that the reported radionu­
clide releases to the Columbia River are conservative 
(i.e. , not underreported). To verify releases, conservatively 
high radionuclide concentrations in samples collected 
from well 199-N-46 are used, multiplied by the estimated 
ground-water discharge into the river. The N Springs 
ground-water flow rate was estimated using a computer 
model developed by Gilmore et al. (1992). The estimated 
ground-water flow rate used to calculate 1995 releases 
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from N Springs was IO L per min (2.64 gal per min) . The 
results of characterizing the radionuclide concentrations 
in the springs along the shoreline can then be compared 
to the concentrations measured in well 199-N-46 to ensure 
that the well is located in the ground-water migration route 
that has the highest concentrations of radionuclides. 

In 1995, with the exception of tritium, the concentrations 
detected in shoreline springs samples were highest in 
springs nearest well 199-N-46. Concentrations of tritium 



were highest in the two sampling locations farthest 
downstream. All of the springs concentrations were 
considerably lower than concentrations measured in the 
well. The data from shoreline springs sampling are 
summarized in Table 3.2.5. A more detailed data 
summary is provided in Schmidt et al. ( 1996). 

Nonradiological Results for 
Surface-Water Disposal Units 

Nonradiological analytical results for water samples taken 
from surface-water disposal units located in the 200 Areas 
are summarized in Table 3.2.6. The results for pH were 
well within the pH standard of 2.0 to 12.5 for liquid 
effluent discharges based on the discharge limits listed in 

Table 3.2.5. Concentration (pCi/L) of Radionuclides in 
100-N Area Columbia River Shoreline Springs, 1995 

Facility Effluent 
Monitoring Well Springs 

Radionuclide #199-N-46 Maximum Mean DCG''1 

JH NA(b) 500 90 2,000,000 
60Co NA(b) < 1.9 <0.30 5,000 
90Sr 6,441 300 54 1,000 

(a) DCG = DOE Derived Concentration Guide (see Appendix C). 
(b) NA = not analyzed. 

Near-Facility Environmental Monitoring 

the Resource, Conservation and Recovery Act. The analy­
tical results for nitrates were all less than the 45-mg/L 
Drinking Water Standard for public water supplies. 

Radiological Surveys 

Radiological surveys are used to monitor and detect 
radiological contamination on the Hanford Site. There 
are two main types of posted radiological controlled 
areas : underground radioactive materials areas and 
contamination areas. In 1995, the radiologically con­
taminated areas were reposted to meet the new require­
ments as outlined in the Hanford Site Radiological Control 
Manual , HSRCM-1. The posting includes Contamina­
tion, High Contamination (activity > 100,000 dpm/100 cm2 

beta-gamma and/or> 10,000 dpm/ 100 cm2 alpha), Soil 
Contamination, Underground Radioactive Material , 
Radiological Buffer, and Radiation/High Radiation 
Areas . For continuity between annual reports issued 
before 1995 , the use of Contamination areas in this 
report includes Contamination, High Contamination, and 
soil Contamination areas. 

Underground radioactive material areas are posted 
when contamination occurs below the soil surface. 
These areas are typically "stabilized" cribs , burial 
grounds , and covered ponds, trenches , and ditches . 
Barriers over the contamination sources are used to 
inhibit radionuclide transport to the surface environs. 

Table 3.2.6. Nonradiological Results for Water Samples from Surface-Water Disposal Units, 200 Areas, 1995 

Sample LocationsCaJ 

200-West Area Ditch 

200-West Area Ponds 

200-East Area Ditch 

200-East Area Pond 

(a) 200-West Area Ditch: 
200-West Area Ponds: 
200-East Area Ditch: 
200-East Area Pond: 

(b) NA= not available. 

pH 
No. of 
Samples Mean Maximum Minimum 

12 6.3 6.7 5.9 

40 8.0 9.0 7.3 

52 8.5 9.6 6.7 

52 7.4 8.0 6.4 

216-T-4 Ditch. 
216-Z-21 Basin, 200-West Powerhouse Pond. 
200-East Powerhouse Ditch. 
216-B-3C Pond. 

Nitrate (NO,), mg/L 
No. of 
Samples Mean Maximum 

l NA(b) 1.3 

2 0.36 0.60 

4 0.62 1.3 

4 0.34 0.91 
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These areas are routinely surveyed (at least annually) 
to document the current radiological status. 

Contamination areas may or may not be associated with 
an underground radioactive material structure. A breech 
in the barrier of an underground radioactive materials 
area may result in the growth of contaminated vegeta­
tion. Insects or animals burrowing into an underground 
radioactive materials area may bring contamination to 
the surface. Vent pipes or risers from an underground 
structure may be a source of speck contamination. Fallout 
from stacks, or unplanned releases from previously 
operating facilities, may cause an area of contamination 
unrelated to a subsurface structure. All types of contami­
nation areas may be susceptible to contamination migra­
tion. Contamination areas were routinely surveyed (at 
least annually) to document the current radiological status. 

In 1995, there were approximately 2,531 ha (6,254 acres) 
of posted outdoor contamination areas and 1,025 ha 
(2,532 acres) of posted underground radioactive materi­
als areas not including active facilities , at the Hanford 
Site. The number of hectares (acres) of contamination 
areas is three times larger than the underground radioac­
tive materials areas. This is primarily because of the BC 
Controlled Area located south of the 200-East Area. 
This area was posted as a Radiologically Controlled 
Area in 1959 because of widespread speck contami­
nation and currently encompasses approximately 1,000 ha 
(2,500 acres). Table 3.2.7 contains the hectares (acres) 
for contamination areas and underground radioactive 
material areas and shows the net change from 1994 to 
1995. A global positioning system used to measure the 
surface areas enables greater accuracy than in past years. 
Area measurements for 1995 have been entered into the 
Hanford Geographical Information System (a computer 
database system), maintained by the Environmental 
Restoration Contractor. 

The posted contamination areas vary between years 
because of an ongoing effort to clean, stabilize, and 
remediate areas of known contamination. During this 
time, new areas of contamination are being identified. 
Table 3.2.8 indicates the changes that resulted from 
stabilization activities during 1995. Approximately 50 ha 
(124 acres) were reclassified from contamination/soil 
contamination areas to underground radioactive materials 
areas, and 6 ha (15 acres) were posted as soil contamina­
tion areas. Newly identified areas may have resulted 
from contamination migration or an increased effort to 
investigate outdoor areas for radiological contamination. 
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Vehicles equipped with radiation detection devices and 
an ultrasonic ranging and data system identified areas of 
contamination that previously were undetected. 

It was estimated that the external dose rate, measured at 
a height of 1 m, at 80% of the identified outdoor con­
tamination areas was less than 1 rnrem/h, although direct 
dose rate readings from isolated radioactive specks (a 
diameter less than 0.6 cm or [0.25 in.]) could have been 
considerably rugher. Contamination levels of trus magni­
tude did not significantly add to dose rates for the public 
or Hanford Site workers in 1995. 

Vadose Zone Monitoring 

The inactive liquid effluent facilities vadose monitoring 
program tracks the movement of radioactive contami­
nants discharged to the soils. There are over 300 liquid 
waste disposal sites at Hanford that have received over 
53 billion L (14 billion gal) of waste, excluding the 
1,620 billion L (430 billion gal) discharged at the surface 
to ponds and ditches. During calendar year 1995, approxi­
mately 70 boreholes were logged around these facilities 
for radioactive plume identification and tracking. The 
logging surveys of the boreholes identify gamma-ray 
emitting radionuclides in the soils and quantify the 
concentrations of these radionuclides as a function of 
depth. These survey data will become the baseline for 
any further vadose zone monitoring at these facilities. 
Additional characterization of subsurface radiological 
conditions took place at sites such as the 1301-N Trench. 
The sites of new boreholes and cone penetrometer 
emplacements also were surveyed to help delineate the 
subsurface wastes. Cone penetrometer emplacements are 
small diameter tubes with a cone tip that are forced into 
the ground; they do not generate drill cutting wastes. 

Wells on the Hanford Site scheduled for decommissioning 
are surveyed with high-resolution (laboratory quality) 
gamma-ray and moisture logging equipment to assure 
that no radioactivity exists in the wells before they are 
filled in. These data add to the geologic data base that is 
used for determining the moisture migration pathways in 
the vadose and ground-water zones. 

All boreholes associated with the 216-T-6 Crib, located 
to the west of T Plant in the 200-W est Area, have been 
surveyed to identify radionuclides and define the extent 
of gamma-emitting radionuclides. Preliminary assess­
ment of the subsurface plume from spectral gamma-ray 
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Table 3.2.7. Outdoor Contamination Status, 1995 (approximate surface area in hectares [acres]) 

Net Underground Net 
Hanford Site Area Contamjnation Areas<•J Change<b> Radioactive Material Areas<<> Change<b> 

100-B/C 8 (20) 0 39 (96) 0 
100-KE/KW 3 (7) -8 ( 19) 60 (148) 8 (19) 
100-N 29 (73) 0 0.3 (1) 0 
100-O/DR 3 (8) -3 (8) 36 (89) 3 (8) 
100-H 0.4 (1) 0 I 3 (33) 0 
100-F 8 (20) 0 30 (74) 0 
200-East<dJ 2,258 (5,580) -12 (30) 151 (373) 12 (30) 
200-West<eJ 201 (497) -21 (52) 677 (1,673) 21 (52) 
300 21 (52) 0 13 (31) 0 
400 0 0 0 0 
600 0 0 6 (14) 0 

Totals 2,531 (6,254) -44 (109) 1,025 (2,532) 44 (109) 

(a) Includes areas posted as "contamination/soil contamination" or as "Radiologically Controlled" and areas 
that had both underground and contamination/soil contamination. 

(b) Increase or decrease from 1994 to 1995. 
(c) Includes areas with only underground contamination. Does not include areas that had contamination/soil 

contamination as well as underground radioactive material. 
(d) Includes tank farms, BC controlled zone, and waste disposal facilities outside the 200-East boundary 

which received waste from 200-East facilities (i.e., 216-A-25, 216-B-3-3, etc.). 
(e) Includes tank farms and waste disposal facilities outside the 200-West boundary which received waste 

from 200-West facilities (i .e., 216-S-19, 216-U-l l, etc.). 

log urveys of the 15 boreholes associated with this crib 
determined that the concentration of cesium-137 exceeds 
10,000 pCi/g in the soils near the crib structure, then 
slowly decreases to 1,000 pCi/g at several meters from 

Table 3.2.8. Zone Status Change by Area, 1995 

Location Zone Change<•> Area<b> 

100 Areas CA to URM 11 (27) 
200-East Area CA toURM 18 ( 45) 

200-East Area URMtoCA 6 (15) 
200-West Area CA toURM 21 (52) 
300 Area CA to URM 0 
400 Area CA to URM 0 
600 Area CA toURM 0 

(a) CA = Contamination/Soil Contamination Area. 
URM = Underground Radioactive Material Area. 

(b) Area reported in hectares (acres). 

the crib. Finally, at the IO pCi/g concentration level the 
contamination plume extends over 30 m (100 ft) beyond 
the crib structures to a depth of 15 m (50 ft) below the 
ground surface (Figure 3.2.2). 

Cobalt-60 has been found to be migrating laterally in the 
BY cribs, 40 years after the liquid waste discharges were 
terminated. In Well 299-E33-5, a 20% decrease in activity 
due to migration has been identified. The activity over a 
3-year period decreased from 19 pCi/g to 10 pCi/g, includ­
ing 6.3 pCi/g that would have been expected from natural 
decay and 2.6 pCi/g from the migration. 

A more detailed summary of the ubsurface radionuclide 
logging surveys is provided in Schmidt et al. (1996). 
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Soil and Vegetation Sampling 
from Operational Areas 

Soil and vegetation samples were collected on or adjacent 
to waste disposal units and from locations downwind and 
near or within the boundaries of the operating facilities . 
Samples were collected to detect potential migration and 
deposition of facility effluents. Special samples were 
also taken where physical or biological transport problems 
were identified. Migration can occur as the result of 
resuspension from radioactively contaminated surface 
areas, absorption of radionuclides by the roots of vegeta­
tion growing on or near underground and surface-water 
disposal units , or by waste site intrusion by animals. 

In 1994, routine annual soil and vegetation sampling was 
eliminated in the 100 Areas except for the 100-N Area. 
Historical data indicated that the 100 Area sites previously 
monitored exhibited no signs of contamination migration, 
and continued monitoring would not be cost-effective. Soil 
sampling in the 200 Areas was modified in 1994 to be 
more cost-effective. Fifty-five soil samples are collected 
at alternating locations each year. In 1995, only 53 sam­
ples were collected because two sample locations were 
destroyed by construction. The results of the sampling 
effort are discussed below. 

Collection and Analysis of Soil and 
Vegetation Samples 

The sampling methods and locations used are discussed 
in detail in the manual Operational Environmental 
Monitoring (WHC 1991 b). Radiological analyses of soil 
and vegetation samples included plutonium-239,240; 
strontium-90; uranium; and gamma-emitting radionuclides. 

Radiological Results for Soil 
Samples 

Of the radionuclide analyses performed, cesium-137; 
cobalt-60; plutonium-239,240; strontium-90; and uranium 
were consistently detectable. Soil concentrations for 
these radionuclides were elevated near and within facility 
boundaries when compared to concentrations measured 
offsite in 1994. Figure 3.2.3 shows average soil values 
for 1995 and the preceding 5 years. The concentrations 

Near-Facility Environmental Monitoring 

show a large degree of variability. In general , concentra­
tions in samples collected on or directly adjacent to 
waste disposal facilities were significantly higher than 
concentrations in samples collected farther away. 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 in 1994. Generally, the 
predominant radionuclides were activation products and 
strontium-90 in the 100-N Area, fission products in the 
200 Areas, and uranium in the 300 Area. A more detailed 
data summary is provided in Schmidt et al. (1996). 

100-N Area 

As a result of the shutdown of the 105-N Reactor and 
associated facilities and the implementation of more 
effective effluent controls, the analytical results from soil 
samples collected in the 100-N Area in 1995 generally 
exhibit concentrations at or near historical onsite levels. 
However, contamination levels were greater than those 
measured offsite, and the concentrations of cobalt-60 
were greater than those measured in the 200 and 300/ 
400 Areas. The cobalt-60 in the 100-N Area soils resulted 
from past discharges to waste disposal structures, primarily 
the 1301 -N Liquid Waste Disposal Facility. 

200 Areas 

Analytical results from soil samples taken in the 200 Areas 
were on a downward trend for most radionuclides as a 
result of facility shutdowns, better effluent controls, 
and improved waste management practices. However, 
for cesium-137; plutonium-239,240; and strontium-90, 
the results were greater than those measured offsite and 
were higher compared to values from the 100 and 300/ 
400 Areas. 

300/400 Areas 

Analytical results from soil samples taken in the 300/ 
400 Areas were compared to results for other operational 
areas and to those measured offsite. Uranium levels for 
the 300/400 Area were higher than those measured from 
the 100 Area and 200 Areas and higher than levels 
measured in previous years. Uranium was expected in 
these samples because it was used during past fuel fabrica­
tion operations in the 300 Area. 
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Figure 3.2.3. Average Concentrations (±2 standard error of the mean) of Selected Radionuclides in Near-Facility Soil 
Samples Compared to Those in Samples in Distant Communities, 1990 Through 1995. As a result of figure scale, some 
uncertainties (error bars) are concealed by point symbols. The 1994 and 1995 100 Areas data includes the 100-N Area 
onl y. 
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Table 3.2.9. Thermoluminescent Dosimeter Results for Waste-Handling Facilities in the Operations Areas 
(mrem/yr, based on 24 hours/day), 1994 and 1995 

Number of 1994 1995 
Area Locations, 1995 Maximum Mean Maximum Mean % Change<•> 

100-K 11 14,700 1,100 2,800 390 -65 
100-N 30 13,000 1,560 13,000 1,290 -17 
200/600 63 (60)<bl 770 130 700 120 -8 
300 8 540 170 310 140 -18 
300 TEDf<c> 6 120 110 84 81 -28 
400 7 210 110 81 77 -32 

(a) Numbers indicate a decrease(-) or increase from the 1994 mean. 
(b) Indicates 60 of 63 data points were applicable to this table. 
(c) TEDF = Treated Effluent Disposal Facility. 

300/300 Treated Effluent Disposal Facility/ 
400 Areas. Table 3.2.9 compares 1995 thermolumines­
cent dosimeter results to those of 1994 for the 300 and 
400 Areas. The highest dose rates in the 300 Area were 
measured near waste-handling facilities such as the 
340 Waste Handling Facility. The average annual dose 
rate measured in the 300 Area in 1995 was 140 mrem/yr, 
which is a decrease of 23% compared to the average dose 
rate of 170 mrem/yr measured in 1994. The average 
annual dose rate at the 300 Area Treated Effluent Disposal 
Facility in 1995 was 80 mrem/yr, which is a decrease of 
28 % compared to the average dose rate of 110 rnrem/yr 
measured in 1994. The average annual dose rate mea­
sured in the 400 Area in 1995 was 80 rnrem/yr, which is 
a decrease of 31 % compared to the average dose rate of 
110 rnrem/yr measured in 1994. 

Investigative Sampling 

Investigative sampling was conducted in the operations 
areas to confirm the absence or presence of radioactive 
or hazardous contaminants. 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 that quantify the 
radiological/hazardous conditions at a site before 
facility construction or operation, 

• to quantify the radiological condition of a site 
before remediation, 

• to determine if biotic intrusion (e.g. , animal buLTows 
or deep-rooted vegetation) has created a potential for 
contaminants to spread, and 

• to determine the integrity of waste containment 
systems. 

The maximum concentrations of radioactive isotopes 
from samples collected during these investigations are 
included in this report. Complete results for these inves­
tigations, including field instrument and dose readings, 
where appropriate, are provided in Schmidt et al. (1996). 

Generally, the predominant radionuclides discovered dur­
ing these efforts were activation products and strontium-90 
in the 100 Areas, fission products in the 200 Areas, and 
uranium in the 300 Area. Hazardous chemicals gener­
ally have not been identified above background levels 
in preoperational environmental monitoring samples. 

Collection and Analysis of 
Investigative Samples 

Investigative samples collected in 1995 included air, 
water, soil (including sediment and radioactive specks), 
vegetation (e.g., cryptogams and tumbleweeds) , a wasp 
nest, gopher snakes, western ratt lesnakes, rock doves 
(domestic pigeon), a house finch , deer mice, a bat, coy­
ote feces and a coyote jawbone (Table 3.2.10). 
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Table 3.2.10. Investigative Samples Collected from the Operations Areas, 1995 

Collection Area Elevated 
Sample Type (Number of Samples) Radionuclides Maximum Concentrations (pCi/g) 

Air 100 Areas (12) 60Co o.00011 <a) 
90Sr o.00032<a) 
137Cs o.000097<a) 
2J9.24opu o.000015<a) 
Totalu 0.00014<•> 

Water 200-East (2) 90Sr 47<b) 
mes <59(b) 
239.240pu <7.8(b) 
Totalu o.s <b> 

Soil 200 Areas (7) 90Sr 21 
me s 630 
239.240pu <II 
m pb I 
214Pb 1.4 
22sAc l.l 
Totalu 0.37 

Soil (speck) 200-East (1) 90Sr 1,900 
me s <1.9 
239.24opu <I 
Total u 0.21 

Soil (sediment - 200-East (1) 90Sr 290 
greenish coloration) me s 68 

2J9.24opu 0.36 
To1a1u 0.05 

Ant mounds 200 Areas (2) 90Sr 80 
mes 7,900 
239.24opu 2,200 
ToLDIU 0.19 

Cryptogams 200 Areas (37) me s 29.3 
(baseline study) 

Tumbleweeds 200 Areas (3) 90Sr 390 
me s 14 
239_240Pu 20 
TotalU 0.04 

Wasp nest 100-N (I) 60Co 2,500 
me s 480 

Rattlesnakes and 200 Areas ( 4) 90Sr 35,000 
gopher snakes 134Cs 140 

me s 960,000 
239_240Pu <2.8 
Total u 0.009 
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Table 3.2.10. Investigative Samples Collected from the Operations Areas, 1995 (contd) 

Collection Area Elevated 
Sample Type (Number of Samples) Radionuclides Maximum Concentrations (pCi/g) 

Pigeon 100-N (1) 90Sr 0.05 
mes <0.03 
239,240pu <0.05 
Totalu 0.04 

Pigeon 200-West (2) 90Sr <0.31 
mes <0.34 
234Th 9.4 
239_240Pu <0.14 
TotalU 9.1 

House finch 200-East (1) 90Sr 4,800 
mes 270 
239,24opu <3.2 

Deer mouse I 00-K (1) 90Sr 220 
mes 370 
239.24opu 1.3 
Totalu 0.005 

Deer mice 200 Areas (11) 9osr 4,800 
mes 1,200 
239,240Pu <3 .2 
TotalU 0.05 

Bat 100-D (1) 60Co 1,600 
90Sr 11,000 
mes 220 
239_240Pu <7.6 
Totalu 2.6 

Coyote jawbone 200-East (1) 90Sr 130 
mes <12 
239_240Pu <10 
Totalu 0.008 

Coyote feces 200-East (2) 90Sr 330 
mes 6.2 
239.24opu <0.21 
Totalu 0.1 

Coyote and deer 200 Areas (39)«> 137Cs 1,330 

feces (baseline 
study) 

(a) Expressed in pCi/m3. 
(b) Expressed in pCi/L. 
(c) Thirty-seven coyote samples, 2 deer samples. 
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Methods for collecting or otherwise obtaining investiga­
tive samples are described in the manual Operational 
Environmental Monitoring (WHC 199 lb). Field moni­
toring was conducted to detect radioactivity before samples 
were collected. Field monitoring results are expressed as 
counts per minute when a Geiger-Mueller detector is 
used or as millirad per hour when an ion chamber is used. 
Laboratory sample analysis results are generally expressed 
in picocuries per gram. Maximum concentrations, rather 
than averages, are presented in this subsection. 

Radiological Results for 
Investigative Samples 

Investigative samples were collected where known or 
suspected radioactive contamination was present, or to 
verify radiological conditions at project sites. In 1995, 
41 such samples were analyzed for radionuclides, and 
34 showed some level of contamination. Another 112 
contamination incidents were reported and disposed 
without isotopic analyses (although field instrument 
readings were recorded for most) during clean-up opera­
tions. A detailed data summary is provided in Schmidt 
et al. ( 1996). 

A baseline investigation in the 200 Areas was initiated 
in 1995 to use vegetation and wildlife as indicators of 
radiological conditions in and around waste sites. Cryp­
togams (i.e., mosses and lichens), deer feces, and coyote 
feces were collected using a random block method and 
analyzed for gamma-emitting radionuclides. 

Air 

Investigative air samples were collected in 1995 to 
determine the fugitive and diffuse air emissions from 
five stabilization or operations sites. These sites were 
all Bechtel Hanford Inc. stabilization projects in the 
l 00 Areas. Radionuclides monitored included cesium-137; 
cobalt-60; strontium-90; plutonium-239,240; and total 
uranium. All analytical results for these nuclides were 
well below the DOE Derived Concentration Guide 
values (Table 3.2.10). 

Water 

Investigative samples were collected from runoff water 
at two tank farms in the 200-East Area in 1995 . Maxi­
mum concentrations of radionuclides are reported in 
Tab le 3.2.10 and included strontium-90 (47 pCi/L); 
cesium- 137 ( <59 pCi/L); plutonium-239,240 ( <7.8 pCi/L); 
and total uranium (0.5 pCi/L). 
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Soil 

In 1995, 11 investigative soil samp les were collected. 
The highest cesium-137 concentration (7,900 pCi/g) was 
found in an ant mound near the 241-C Tank Farm; the 
highest plutonium-239,240 concentration (2,200 pCi/g) 
was also found near the 241-C Tank Farm; and the 
highest strontium-90 concentration (1,900 pCi/g) was 
found near Unplanned Release Site UN-216-E-6 in the 
200-East Area. Analytical results are provided in 
Table 3.2.10. In addition, 62 incidents of contaminated 
soil or specks were found during cleanup operations and 
disposed of in low-level burial grounds. These incidents 
are summarized in Schmidt et al. ( 1996). 

In 1995 , the number of contamination incidents, the 
range of radiation dose levels, and radionuclide concen­
tration generally were within historical limits. Areas of 
special soil sampling that were outside radiological control 
areas and had radiation levels greater than Westinghouse 
Hanford Company radiological control limits (WHC 
1991 a) were posted as surface contamination areas. 

Vegetation 

In 1995, three tumbleweeds were analyzed for gamma­
emitting radionuclides. Maximum radionuclide concen­
trations in the tumbleweeds are provided in Table 3.2.10 
and include cesium-137 (390 pCi/g); plutonium-239,240 
(20 pCi/g); strontium-90 (14 pCi/g); and total uranium 
(0.04 pCi/g). Analytical results were below Westinghouse 
Hanford Company radiological control limits (WHC 
1991 a). In addition, 36 instances of contaminated vegeta­
tion (mostly tumbleweeds) were recorded in the opera­
tional areas in 1995. This vegetation was discovered 
during remedial operations, surveyed with field instru­
ment , and disposed to low-level burial grounds. The field­
in trument readings for the vegetation ranged from less 
than 1 mrad/h (100 cpm) to 50 mrad/h (> 1,000,000 cpm), 
which were within the ranges reported for the past few 
year (Schmidt et al. 1996). 

During 1995, the numbers of contaminated vegetation, 
radioactivity levels, and range of radionuclide concentra­
tion were all within historical limits. In the past, the 
greatest number of contaminated vegetation samples (42) 
were ubmitted for analyses in 1978 (Johnson et al. 1994). 
As part of the baseline investigation in the 200 Areas, 
37 cryptogam samples were collected and analyzed for 
gamma-emitting radionuclides (Table 3.2. l 0). Cryptogams 
were selected because of their ability to act as highly 
sensitive indicators of environmental quality (Landeen 
et al. 1994), particularly for radionuc lide contamination. 



Wildlife 

In 1995, wildlife and wildlife-related samples (e.g., feces, 
nests, etc.) were collected either as part of the Integrated 
Pest Management program designed to limit the exposure 
and potential contamination of animals to radioactive 
material, or as a result of finding a radiologically con­
taminated animal. Animals were collected directly from 
or near facilities to identify potential problems with pre­
ventative measures designed to inhibit animal intrusion. 
Surveys were performed after collection 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 suitable habitat and released. If an ani­
mal was contaminated, a decision was made based on the 
level of contamination, sampling facility , and frequency 
of occurrence either to collect the animal as a sample or 
to dispose of the animal in a low-level burial ground. 

Twenty-two of the 25 special animal samples (including 
nests and feces) analyzed in 1995 (Table 3.2.10) showed 
detectable levels of contamination. This compares to 
16 contaminated samples that were analyzed in 1994 and 
32 in 1993. The maximum radionuclide concentrations 
in 1995 were for cesium-137 (960,000 pCi/g) and stron­
tium-90 (35,000 pCi/g) in a gopher snake from the 
200-West Area and cobalt-60 (2,500 pCi/g) in a wasp 
nest from the 100-N Area (Table 3.2.10). 

Additionally, there were 14 cases of contaminated wild­
life or related samples found during cleanup operations, 
which were disposed without being analyzed. The num­
bers of animals found to be contaminated with radioactiv­
ity, the radioactivity levels, and the range of radionuclide 
concentrations were within historical limits (Johnson 
et al. 1994). 

As part of a baseline investigation in the 200 Areas , 
39 fecal samples (37 coyote and 2 deer) were collected 
and analyzed for gamma-emitting radionuclides. The 
feces were selected as an indicator of transport pathways 
for radionuclide contanunation into the environment from 
waste sites. The maximum radionuclide concentration 
for cesium-137 ( l,330 pCi/g) in a coyote feces sample 
was higher than expected for a randomly selected sample. 
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Special Characterization Sampling 

Special characterization projects were conducted or com­
pleted in 1995 to verify the radiological , and in some 
cases, hazardous chemical status of several operations. 
These included the following: 

• Monitored ambient air to determine the levels of 
diffuse fugitive air emissions at 116-B-1 , I 16-B-4, 
116-B-5, 116-C-l, 183-H Solar Evaporation Basin, 
all in the I 00 Areas. The 1301-N Liquid Waste 
Disposal Facility analytical data indicate that emis­
sions from these activities were below regulatory 
concern 

• Issued the Preoperarional Environmental Survey 
Report: 200 Areas Effluent Treatment Facility, 
State Approved Land Disposal Structure, and Liquid 
Effluent Retention Facility (C-018H) (Johnson et al. 
1995) completing the 2-year preoperational environ­
mental monitoring survey for these projects . The 
analytical data did not identify any environmental 
concerns that would delay startup of the facilities 

• Submitted the Preoperational Environmental Survey 
Report: 200 Areas Cross-Site Transfer Line Replace­
ment (W-058) (Johnson et al. 1996) completing the 
2-year preoperational environmental monitoring 
survey for this project. The analytical data did not 
identify any environmental concerns that would 
delay startup of this system 

• Completed ambient air monitoring and issued a 
letter report for the Transuranic Waste Retrieval 
Pilot Project. The analytical data indicated elevated 
levels of plutonium-241 at one location; however, 
the concentrations were below the DOE Derived 
Concentration Guide 

• Continued preoperational monitoring in support of 
Solid Waste Operations Complex projects (Waste 
Receiving and Packaging and the Central Waste 
Complex) in the 200-West Area. Preoperational 
monitoring in 1995 included collecting samples of 
surface soil, vegetation, and small mammals. 
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3.3 Waste Management and Chemical 
Inventories 

B. P. Gleckler and D. E. Zalodek 

Waste Management 

Waste produced from Hanford cleanup operations is 
classified as either radioactive, nonradioactive, danger­
ous, nondangerous, toxic, or mixed waste. Radioactive 
waste is categorized as transuranic, high-level , and low­
level. Mixed waste has both radioactive and hazardous 
nonradioactive substances. Hazardous waste contains 
either dangerous waste or extremely hazardous waste or 
both , as defined in the Washington State Department of 
Ecology's Dangerous Waste Regulations. Hanford's 
hazardous wastes are managed in accordance with 
Washington Administrative Code Cvv AC) 173-303. Toxic 
wastes are managed in accordance with Toxic Substance 
Control Act regulations. 

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

Approximately 200 Hanford Site facilities have the capac­
ity to generate dangerous waste. An annual report lists 
the dangerous wastes and extremely hazardous wastes 
generated, treated , stored, and disposed of onsite and 
offsite (DOE 1996b). Dangerous wastes are treated , 
stored, and prepared for disposal at several Hanford Site 
facilities. Dangerous wastes generated at the Site are 
also shipped offsite for disposal, destruction, or recycling. 

Nondangerous, nonradioactive wastes generated at 
the Hanford Site hi storically have been buried near the 
200 Areas in Hanford's Solid Waste Landfill. In March 
1996, this landfill was closed. Since December 1995, 
nondangerous, nonradioactive wastes have been disposed 
of at the Richland Landfill, which is located at the south­
ern edge of the Hanford Site boundary. Since February 

1996, medical wastes have been shipped to Waste Man­
agement of Kennewick and asbestos has been shipped to 
Basin Disposal, Inc. in Pasco. Since March 1996, nonra­
dioactive drummed waste has been shipped to Waste 
Management of Kennewick. 

These nondangerous, nonradioactive wastes originate at 
a number of areas across the Site. Examples of these 
wastes are construction debris, office trash, cafeteria waste, 
and packaging materials. Other materials and items clas­
sified as waste are solidified filter backwash and sludge 
from the treatment of river water, failed and broken equip­
ment and tools, air filters, uncontaminated used gloves and 
other clothing, and certain chemical precipitates such as 
oxalates. Nonradioactive friable asbestos is buried in 
designated areas at the Solid Waste Landfill. Ash gener­
ated at powerhouses in the 200-East and 200-West Areas 
is buried in designated sites near those powerhouses. 
Demolition wastes from 100 Areas decommi ss ioning 
projects are buried in situ or in designated sites in the 
100 Areas . 

Annual repo1ts document the quantities and types of solid 
wastes generated or received onsite, shipped offsite, and 
disposed of at the Hanford Site Cv{HC 1996a). Solid waste 
program activities are regulated by the Resource Conser­
vation and Recovery Act and Toxic Substances Control 
Act discussed in Section 2.0, "Environmental Compliance 
Su~mary." Solid waste quantities generated onsite, 
received from offsite, shipped offsite, and disposed of at 
the Hanford Site from 1990 through 1995 are shown in 
Tables 3.3.1 through 3.3.3. Table 3.3.4 provides a 
detailed summary of the radioactive solid wastes disposed 
ofin 1995. 

The quantities of liquid wastes generated in 1995 and 
stored in underground storage tanks are included in the 
annual dangerous waste report (DOE 1996b). Table 3.3 .5 
is a summary of the liquid wastes generated from 1990 
through 1995, which are stored in underground storage 
tanks. 
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Table 3.3.1 . Quantities of Solid Wastes<•> Generated on the Hanford Site, kg<bl 

Waste Cate or 

Mixed 

Radioactive 

1990 

1,025,084 

1,325,045 

1991 

475,370 

1,069,703 

(a) Solid waste includes containerized liquid waste. 
(b) Multiply kg by 2.205 to convert to lb. 

1992 

48,641 

682,684 

1993 

150,012 

1,116,616 

1994 

567,670 

1,390,647 

Table 3.3.2. Quantities of Solid Wastes<•> Received from Offsite, kg<b> 

Waste Cate or 

Mixed 

Radioactive 

1990 

0 

239,669 

1991 

23,605 

629,686 

1992 

40,897 

1,010,439 

1993 

207,905 

1,587,884 

1994 

96,409 

1,355,653 

1995 

131 ,755 

1,892,636 

1995 

52,796 

1,306,194 

(a) Solid waste contains containerized liquid waste. Solid waste quantities do not include naval reactor submarine 
compartments. 

(b) Multiply kg by 2.205 to convert to lb. 

Table 3.3.3. Quantities of Hazardous Wastes<•> Shjpped Offsite, kg<bl 

Waste Cate or 1990 1991 1992 

Contajnerized 92,811 89,354 181,305 

Bulk Solids 0 433,330 

Bulk Liquid 331,905 11 ,089 

Totals 92,811 421,259 625,724(<) 

(a) Does not include Toxic Substances Control Act wastes. 
(b) Multiply kg by 2.205 to convert to lb. 
(c) Includes 418,676 kg from demolition of2727-S Building. 
(ct) Includes 250,235 kg from demolition of 190-B Building. 

1993 1994 

123,754 267,113 

250,235 2,872,661 

94,065 248,917 

468,054(d) 3,388,691 (e) 

1995 

224,003 

477,648 

130,156 

831,807 

(e) Includes 2,658,788 kg from North Slope cleanup and 160,883 kg from carbon tetrachloride soil extraction. 

Chemical Inventories 

The types , quantities, and locations of hazardou s 
chemicals are tracked through compliance activities 
a sociated with the Emergency Planning and Community 
Right-To-Know Act of 1986 (see Section 2.2, "Community 
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Right-To-Know Activities"). The 1995 Hanford Tier 
Two Emergency and Hazardous Chemical inventory 
(DOE 1996bc) was issued in March 1995, in compliance 
with Section 312 of the Act. Table 3.3.6 summarizes the 
information reported, listing the 10 chemicals stored in 
greatest quantity on the Hanford Site in 1995. 
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Table 3.3.4. Radioactive Solid Wastes Stored or Disposed of in 1995<•> 

Quantity, Ci 
Low-Level Low-Level Low-Level Transuranic 

Constituent Low-Level Mixed Plus<b> Mixed Plus<cl Transuranic Mixed 

3H 2.71 X 104 6.29 X lQ-I 0.00 0.00 0.00 0.00 
54Mn 8.25 X 103 2.30 X 10·2 0.00 0.00 7.70 X 1Q-3 0.00 
55Fe 1.43 X 103 7.32 X lQ-4 0.00 7.48 X 104 0.00 0.00 
60Co 3.43 X 104 6.93 X ]0° 0.00 6.20 X 104 1.48 X J01 2.24 X 10·2 

63Ni 9.00 X 101 1.14 X 10° 0.00 1.16 X J05 0.00 0.00 
9()Sr 1.10 X 104 3.36 X 101 6.78 X 104 3.64 X lQO 3.40 X 102 9.99 X JOO 
9()y 1.10 X J04 3.36 X J01 6.78 X lQ-4 3.64 X JOO 3.40 X 102 9.99 X 100 
99Tc 0.00 1.61 X lQ-I 0.00 0.00 3.14 X lQ-3 0.00 
137Cs 6.36 X 103 1.38 X !01 5.20 X 104 1.14 X 101 1.01 X 103 1.82 X JOO 
1J1mBa 6.02 X 103 J.31 X JO' 4.92 X J0-4 J.O8 X [01 9.59 X 102 J.72 X 10° 
232Th 4.03 X lQ-2 9.59 X J0-3 0.00 0.00 0.00 0.00 
mu 4.65 X 10-2 7.53 X 104 0.00 0.00 6.49 X 10·1 0.00 
234 u 2.11 X lQ-2 1.39 X lQ-2 0.00 0.00 3. 16 X lQ-5 0.00 
mu 6.79 X lQ-I 1.68 X lQ-3 0.00 0.00 5.55 X 10·3 0.00 
236U 1.56 X 104 2.37 X lQ-5 0.00 0.00 3.24 X 1Q-7 0.00 
mu 5.04 X 101 1.45 X lQ-2 0.00 0.00 2.15 X lQ-3 0.00 
m pu (d) (d ) (d) (d) 9.70 X 101 3.00 X lQO 
239Pu (d) (d) (d) (d) 4.29 X 102 5.22 X 101 

24opu (d) (d) (d ) (d ) 1.60 X 102 1.17 X 101 

241Pu (d) (d) (d) (d) 7 .59 X 103 3.57 X 102 
242Pu (d ) (d ) (d) (d) 4 .72 X lQ-2 7.07 X JO-4 
24 1Am (d) (d) (d) (d) 1.22 X 102 2.33 X 10° 
244Cm (d ) (d) (d ) (d) J.37 X )02 0.00 

(a) Presently only low-level and low-level mhed plus wastes are permanently disposed of on the Hanford Site. 
Low-level mixed, transuranic, and mixed transuranic wastes are managed as stored wastes. This table does not 
include inventories of waste contained in temporary storage facilities. The " mixed" category identifies wastes 
that are regulated under the Resource Conservation and Recovery Act. The "plus" category identifies wastes 
that are regulated under the Toxic Substances Control Act (e.g., polychlorinated biphenyls). 

(b) Low-level with polychlorinated biphenyls. 
(c) Low-level mixed with polychlorinated biphenyls. All quantities in this category are from the naval reactor 

compartments disposed of at the Hanford Site. 
(d) Since 1970, wastes containing transuranic elements have been segregated and managed in separate waste 

categories known as transuranic and transuranic mixed waste. 

Table 3.3.5. Quantities of Bulk Liquid Wastes<•> Generated on the Hanford Site, L(b> 

1990 1991 1992 1993 1994 1995 

41,592,687 15,498,826 12,604,981 22,176,538 10,726,296 18,217,841 

(a) Bulk liquid waste is defined as liquid waste sent to double-shell underground storage tanks. This does not include 
containerized waste (e.g., barreled), which are included in the solid waste category. 

(b) Multiply L by 0.2642 to convert to gal. 
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Table 3.3.6. Average Balance of Ten Chemicals Stored 
in Greatest Quantity, I 995 

Hazardous Material 

Coal 
Mineral oil 
Sodium 
Diesel fuel 
Bentonite 
#6 Fuel oil 
Nitric acid 
Ethylene glycol 
Unleaded gasoline 
Aluminum sulfate dihydrate 

Average Daily 
Balance, kg<•J 

23,000,000 
1,900,000 
1,200,000 
840,000 
590,000 
580,000 
340,000 
240,000 
140,000 
94,000 

(a) Multiply kg by 2.205 to convert to lb. 
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4.0 Environmental Surveillance Information 

Environmental surveillance of the Hanford Site and the 
surrounding region is conducted to demonstrate compli­
ance with environmental regulations, confirm adherence 
to DOE environmental protection policies, support DOE 
environmental management decisions, and provide infor­
mation to the public. Surveillance is conducted as an 
independent program under DOE Orders 5400.1, "Gen­
eral Environmental Protection Program," and 5400.5 , 
"Radiation Protection of the Public and Environment," 
and the guidance in DOE/EH-0l 73T, Environmental 
Regulatory Guide for Radiological Effluent Monitoring 
and Environmental Surveillance (DOE 1991). The envi­
ronmental surveillance program consists of the Surface 
Environmental Surveillance Project and the Ground-Water 
Surveillance Project at Hanford. The objectives, criteria, 
design, and description of the program are summarized 
below and provided in detail in the Environmental Moni­
toring Plan (DOE 1994a, Rev. 1). 

Sections 4.1 through 4.8 of this report describe results of 
the Hanford Site surface environmental surveillance pro­
grams for 1995 and include, where applicable, information 
on both radiological and nonradiological constituents. 
Radiological doses associated with the surveillance 
results are discussed in Section 5.0, "Potential Radiation 
Doses from 1995 Hanford Operations," and the quality 
assurance and quality control programs developed for 
ensuring the value of surveillance data are described in 
Section 7 .0, "Quality Assurance." The ground-water 
surveillance activities discussed in the following sections 
were conducted by Pacific Northwest National Laboratory 
independent of ground-water programs managed and 
conducted by other contractors on the Site. 

Many samples are collected and analyzed for the Hanford 
Site monitoring and surveillance programs, and data 
obtained from the analytical laboratories are compiled 
in large databases. It is not practical or desirable to list 
individual results in this report; therefore, only summary 
information emphasizing those radionuclides or chemi­
cals of Hanford origin that are important to environmen­
tal or human health concerns are included. Supplemental 
data for some sections can be found in Appendix A. 

More detailed results for specific surface environmental 
surveillance sampling locations are contained in a 
companion volume, 1995 Surface Environmental Sur­
veillance Data (Bisping 1996). Additional information 
on Hanford Site ground-water monitoring can be found 
in the annual Hanford Site ground-water monitoring 
report (Dresel et al. 1996). The intent of the summaries 
(Sections 4.1 through 4.8) is to provide current surveil­
lance data, compare 1995 data to past data and existing 
and accepted standards so that concentrations can be 
viewed in perspective, and to present a general overview 
of Hanford Site surveillance activities. 

Surface Environmental 
Surveillance 

The Surface Environmental Surveillance Project is a 
multi-media environmental monitoring program con­
ducted to measure the concentration of radionuclides and 
chemical contaminants in the environment and assess the 
integrated effects of these contaminants on the environ­
ment and the public. The monitoring program includes 
sampling air, surface water, sediments, soil, natural vegeta­
tion, agricultural products, fish , and wildlife. Analytical 
capabilities include the measurement of radionuclides at 
very low environmental concentrations as well as an 
extensive list of nonradiological chemicals including 
metals , anions, thioureas, volatile organic compounds, 
semivolatile organic compounds, pesticides, and poly­
chlorinated biphenyls. In addition, the program includes 
the capability to measure ambient external radiation 
levels in the environment. 

Activities inherent in the operation of the Surface Envi­
ronmental Surveillance Project include environmental 
surveillance program design and implementation, sample 
collection, sample analysis, database management, data 
review and evaluation, exposure assessment, and report­
ing. Other elements of the project include project 
management, quality assurance/control, training, and 
records management. 
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Results of the sampling program are used to assess the 
fate, transport, and exposure of radionuclides and hazard­
ous chemicals (non-radiological chemicals) to the public 
and determine compliance with applicable environmental 
quality standards, as well as assess the impacts of these 
contaminants on the environment. This includes the use 
of environmental data and mathematical models for the 
calculation of potential radiation doses to humans and 
aquatic biota, and the carcinogenic and non-carcinogenk 
risks to humans. Environmental surveillance data are 
also useful in dose reconstruction efforts, site character­
izations performed in conjunction with ongoing Site 
environmental restoration activities, and in contaminant 
transport model verification and validation. 

The environmental surveillance program focuses on 
routine releases from DOE facilities on the Hanford Site; 
however, the program is also responsive to unplanned 
releases and releases from non-DOE operations on and 
near the Site. Surveillance results are provided annually 
through this report series. In addition, unusual results or 
trends are reported to DOE and the appropriate facility 
managers when they occur. Whereas effluent and 
near-facility environmental monitoring are conducted 
by the facility operating contractor, environmental sur­
veillance is conducted under an independent program 
that reports directly to the DOE Environmental Assurance, 
Permits and Policy Division. 

Surveillance Objectives 

The general requirements and objectives for environmen­
tal surveillance are contained in DOE Orders 5400. l and 
5400.5. The broad objectives (DOE Order 5400.1) are 
to demonstrate compliance with legal and regulatory 
requirements, to confirm adherence to DOE environmen­
tal protection policies, and to support environmental 
management decisions. 

These requirements are embodied in the surveillance 
objectives stated in the Orders and DOE/EH-0173T and 
include the following: 

• determine compliance with applicable environmen­
tal quality standards and public exposure limits and 
applicable laws and regulations; the requirements 
of DOE Orders 5400.1 and 5400.5; and the environ­
mental commitments made in environmental impact 
statements, environmental assessments, safety 
analysis reports, or other official DOE documents. 

88 

Additional objectives that derive from the Orders 
and this primary objective include the following: 

- conduct preoperational assessments 

- assess radiological doses to the public and 
aquatic biota from Site operations 

- assess doses from other local sources 

- report alarm levels and potential doses exceed­
ing reporting limits (DOE Order 5400.5, 
Chapter II, Section 7) 

- prepare an annual Site environmental report 

- maintain an environmental monitoring plan 

• determine background levels and Site contributions 
of contaminants in the environment 

• determine long-term accumulation of Site-related 
contaminants in the environment and predict trends; 
characterize and define trends in the physical, chemi­
cal, and biological condition of environmental media 

• determine effectiveness of effluent treatment and 
controls in reducing effluents and emissions 

• determine validity and effectiveness of models 
to predict the concentrations of pollutants in 
the environment 

• detect and quantify unplanned releases 

• identify and quantify new or existing environmental 
quality problems. 

DOE/EH-0 I 73T indicates that subsidiary objectives for 
surveillance should be considered. Subsidiary objectives 
applicable to the Site include the following: 

• obtain data and maintain the capability to assess 
the consequence of accidents 

• provide public assurance; address issues of concern 
to the public, stakeholders, regulators, and the 
business community. 



• enhance public understanding of Site environmental 
impacts, primarily through public involvement and 
by providing public information 

• provide environmental data and assessments to assist 
the DOE Richland Operations Office in environ­
mental management of the site. 

Surveillance Design 

The Orders require that the content of survei ll ance pro­
grams be determined on a site-specific basis by the DOE 
Richland Operations Office. The surveillance programs 
must reflect facility characteristics; applicable regulations; 
hazardous potential; quantities and concentrations of 
materials released; extent and use of affected air, land, 
and water; and specific local public interest and concern. 
Environmental surveillance at Hanford was designed to 
meet the previously listed objectives while considering 
the environmental characteristics of the Site and poten­
tial and actual releases from Site operations. Surveillance 
activities focused on determining environmental impacts 
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 
activities and studies conducted at the Hanford Site for 
more than 45 years provided valuable technical back­
ground for planning the surveillance design. 

The Hanford Site environmental surveillance program 
historically has focused on radionucl ides and nonradio­
logical water quality parameters. In recent years, sur­
veillance for nonradiological constituents, including 
hazardous chemicals, has been expanded significantly. 
A detailed chemical pathway and exposure analysis for 
the Hanford Site was completed in 1994 (B lanton et at 
1995a). The analysis helped guide the selection of 
chemical surveillance media, sampling locations, and 
chemical constituents. 

Each year, a radiological pathway analysis and exposure 
assessment is performed. The 1995 pathway analysis 
was based on 1995 source-term data and on the compre­
hensive pathway and dose assessment methodology 
included in the Generation II (GENII) computer code 
(Napier et al. 1988a, 1988b, 1988c) used for estimating 
radiation doses to the public from Hanford operations. 
The CRITR computer code (Baker and Soldat 1992) was 
used to calculate doses to animals, and hand calculations 
were used to compute the doses not addressed in the 
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computer codes. The results of the pathway analysis and 
exposure assessment serve as a basis for future years ' 
survei llance program design. 

Exposure is defined as the interaction of an organism 
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., dermal contact, lungs, gut, etc.). 
An exposure pathway is identified based on 1) examina­
tion of the types , location, and sources (contaminated 
soi l, raw effluent, etc.) of contaminants; 2) the principal 
release mechanisms; 3) the probable environmental fate 
and transport (includ ing persistence, partitioning, and 
intermediate transfer) of contaminants of interest; 
and, most importantly, 4) the 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 li sted below. 

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 offsite in contaminated wildlife) 

• physically or chemically transformed (e.g., deposition, 
precipitation, volatilization, photolysis, oxidation, 
reduction , hydrolysis or radion uclide decay) 

• biologically transformed (e.g., biodegradation) 

• accumulated in the receiving media (e.g. , sorbed 
strongly in the soil column, stored in organ ism 
tissues). 

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 illustrates 
these potential primary routes and the possible exposure 
pathways to humans. 

The significance of each pathway was determined from 
measurements and calculations that estimated the amount 
of radioactive material or chemical transported along 
each pathway and by comparing the concentrations or 
potential doses to environmental and public health protec­
tion standards or guides. Pathways were also evaluated 
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Figure 4.0.1. Primary Exposure Pathways 

based on prior studies and observations of radionuclide 
and chemical movement through the environment and 
food chains. Calculations based on effluent data showed 
the expected concentrations off the Hanford Site to be 
low for all Hanford-produced radionuclides and chemicals, 
and frequently below the level that could be detected by 
monitoring technology. To ensure that radiological and 
chemical analyses of samples were sufficiently sensitive, 
minimum detectable concentrations of key radionuclides 
and chemicals were established at levels well below 
applicable health standards. 
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Environmental and food-chain pathways were monitored 
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 radiation 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 opera­
tional areas to the Site perimeter. The environmental 



concentrations of releases from facilities and fugitive 
sources (those released from other than monitored sources, 
such as contaminated soils) generally would be the high­
est and therefore most easily detected in this zone. The 
second surveillance zone consisted of a series of perim­
eter sampling stations positioned near or just inside the 
Site boundary and along State Highway 240, which runs 
through the Site from Richland to the Vernita Bridge. 
Exposures at these locations were typically the maxi­
mum that any member of the public could receive. The 
third surveillance zone consisted of nearby and distant 
community locations within an 80-km (50-mi) 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 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 1995. 

Background concentrations were measured at distant 
locations and compared with concentrations measured 
onsite and at perimeter and community locations. Back­
ground locations were essentially unaffected by Hanford 
operations, i.e., these locations could be used to measure 
ambient environmental levels of chemicals and radionu­
clides. Comparing background concentrations to con­
centrations measured on or near the Site indicated the 
impact of Hanford operations. 

To the extent possible, radiation dose assessments should 
be based on direct measurements of radiation dose rates 
and radionuclide concentrations in environmental media. 
However, the amounts of most radioactive materials 
released from Hanford operations in recent years gener­
ally have been too small to be measured directly once 
dispersed in the offsite environment. For the measurable 
radionuclides, often it was not possible to distinguish 
levels resulting from worldwide fallout and natural sources 
from those associated with Hanford releases. Therefore, 
offsite doses in 1995 were estimated using the fol­
lowing methods: 

• Doses from controlled effluents were estimated by 
applying environmental transport and dose calcula­
tion models to measured effluent monitoring data 
and selected environmental measurements 

• Doses from fugitive air emissions (e.g., from 
resuspended contaminated soils) were estimated 
from measured airborne concentrations at Site 
perimeter locations 
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• Doses from fugitive liquid releases (e.g., ground water 
seeping into the Columbia River) were estimated by 
evaluating differences in measured concentrations 
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 restoration 
activities. The final sampling design and schedule are 
documented annually in the Environmental Surveillance 
Master Sampling Schedule (Bisping 1996). Results of 
the 1995 Surface Environmental Surveillance Project 
activities are presented in Sections 4.1 through 4.7 and 
Chapters 5.0 and 7.0. 

Ground-Water Surveillance 

Ground-water surveillance at the Hanford Site was con­
ducted to assess the impacts of radiological and hazard­
ous chemicals from Hanford on ground water, to provide 
an integrated assessment of quality of Hanford Site ground 
water, and to evaluate potential offsite impacts from the 
ground-water pathway. Additionally, near-field ground­
water monitoring was conducted by Westinghouse 
Hanford Company to ensure that operations in and 
around specific waste-disposal facilities were in com­
pliance with DOE Orders (Johnson 1993) and with 
40 CFR 265 and WAC 173-303 and -304 (DOE 1996). 
The results from both the surveillance and compliance 
ground-water monitoring programs, along with data 
from Comprehensive Environmental Response, Compen­
sation, and Liability Act investigations, were useful in 
determining the total impact of Hanford Site operations 
on ground water. 

Surveillance Objectives 

Ground-water surveillance objectives included verifying 
compliance with applicable environmental laws and 
regulations; verifying compliance with environmental 
commitments made in environmental impact statements, 
environmental assessments , safety analys is reports , or 
other official DOE documents; characterizing and defin­
ing trends in the physical, chemical, and biological 
condition of environmental media; establishing environ­
mental quality baselines; providing a continuing assess­
ment of pollution abatement programs; and identifying 
and quantifying new or existing environmental quality 
problems. 
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Table 4.0.1. Environmental Surveillance Sample Types and Measurement Locations, 1995 

Sample Locations 
Columbia River 

Total Site Nearby Distant Hanford 
Number OnsiteC•l Perimeter<bJ LocationsCcJ Locations<cJ Upstream<,) Reach<bJ Downstream(,) 

Air 40 
Ground water<ll 499 
Springs water 7 
Springs sediment 4 
Columbia River 7 
Irrigation water 
Drinking water 12 
Columbia River 

sediments 6 
Ponds 3 
Foodstuffs 11 
Wildlife 15 
Soil 0 
Vegetation 0 
TLDs<h> 69 
Shoreline surveys 16 

(a) Surveillance Zone I. 
(b) Surveillance Zone 2. 
(c) Surveillance Zone 3. 

20 9 S(d) 3(e) 

499<&) 

7 
4 

2 4 

7 5 

3 2 
3 

7 3 
5 I 4 2 3 

25 33(;) 8(d) 3<•) 

16 

(d) Includes seven community-operated environmental surveillance stations. 
(e) Includes one community-operated environmental surveillance station. 
(f) Approximately 800 wells were sampled for all ground-water monitoring programs onsite. 
(g) Some onsite wells along the Columbia River are referred to as perimeter locations in the text. 
(h) TLDs = thermoluminescent dosimeters. 
(i) Includes locations along the Columbia River. 

Surveillance Criteria 

The Ground-Water Surveillance Project was designed to 
monitor the effects of DOE activities on ground water 

beneath the Hanford Site in order to meet the ground-water 
monitoring program objectives stated in DOE Order 
5400. l and the specific project objectives stated above. 
The Ground-Water Surveillance Project, and predecessor 
projects, have monitored ground water at Hanford for 
more than 45 years. Hydrogeologic characterization and 
ground-water modeling were used to assess the monitor­
ing network and to evaluate potential impacts of Hanford 
Site ground-water contamination on water users. 

Surveillance Design 

Specific chemicals and radionuclides in each monitoring 
well were selected for analysis based on past waste 
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disposal activities (Stenner et al. 1988), ongoing waste 
disposal activities (Diediker and Rokkan 1993), and 
previous analyses from neighboring wells (Dresel et al. 
1995). Selections also involved identifying contaminant 
sources and determining which chemicals and radionu­
clides were important to human dose and for understand­
ing contaminant distribution and movement. Sampling 
locations and frequencies for 1995 were identified in the 
Environmental Surveillance Master Sampling Schedule 
(Bisping 1995a). 

Ground-water surveillance was conducted using estab­
lished quality assurance plans (see Section 7 .0, "Quality 
Assurance") and written procedures (PNL 1992). 

Computerized data management systems are used to 
schedule sampling activities; generate sample labels 
and chain-of-custody forms; track sample status; and 
load, store, report, and evaluate data. The Hanford 



Environmental Information System is the central consoli­
dated database for storing and managing the ground-water 
results. 

Ground-water samples were collected from both the 
unconfined and upper-confined aquifers. The unconfined 
aquifer was monitored extensively because it contains 
contaminants from Hanford operations (Dresel et al. 
1994) and provides a potential pathway for contaminants 
to reach points of human exposure (e.g., water supply 
wells, Columbia River) . The upper-confined aquifer was 
monitored, less extensively than the unconfined aquifer, 
because it also provides a potential pathway for contami­
nants to migrate off the Hanford Site. Some sampling 
was conducted at the request of the Washington State 
Department of Health. 

Contaminant source areas were monitored to characterize 
and define trends in the condition of the ground water 
and to identify and quantify existing, emerging, or poten­
tial problems in ground water quality. Source areas 
included regions with active waste disposal facilities or 
with facilities that had generated or received wastes 
in the past. These included facilities within the 100, 
200, and 300 Areas and the central landfill. Ground-water 
monitoring in these areas was pe,formed primarily by the 
Resource Conservation Recovery Act compliance or 
operational monitoring programs conducted by the oper­
ating contractor. Additional sampling was conducted 
by the Environmental Restoration Contractor-Team as 
part of the Comprehensive Environmental Response, 
Compensation, and Liability Act activities on the Hanford 
Site. When necessary, the Ground-Water Surveillance 
Project supplemented these monitoring activities to meet 
the needs of DOE. Separate reports discuss the specific 
results and evaluations from these monitoring efforts 
(DOE 1996). 

Wells located within known contaminant plumes were 
monitored to characterize and define trends in the con­
centrations of the associated radiological or chemical 
constituents. These wells were also monitored to quantify 
existing ground water quality problems and to provide a 
baseline of environmental conditions against which future 
changes can be assessed. These wells will continue to be 
monitored as releases of waste to disposal facilities are 
halted and cleanup of the Site begins. This will provide 
a continuing assessment of the effect of Hanford ' s reme­
diation programs on ground water. 
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Water supplies on and near the Site potentially provide 
the most direct route for human exposure to contaminants 
in ground water. In 1995, three water supplies provided 
Hanford Site ground water for human consumption 
onsite. One supplied the staff at the Fast Flux Test 
Facility, one supplied personnel at the Yakima Barricade 
guard house, and one was located at the Hanford Patrol 
shooting range (see Section 4.3, "Hanford Site Drinking 
Water Surveillance"). Water supply wells for the City 
of Richland are near Hanford's southern boundary. 
Monitoring wells near these water systems were routinely 
sampled to ensure that any potential water quality prob­
lems would be identified long before regulatory limits 
were reached. 

Wells along the Hanford Site perimeter were monitored 
to assess the quality of ground water at locations near the 
Site boundary, where access to the water is restricted by 
DOE. Wells in a region about 2 km wide (l.2 mi wide) 
along the boundary of the Site have been identified for 
monitoring. Data gathered from wells in this region help 
address a number of the objectives of the program includ­
ing the identification and quantification of existing, emerg­
ing or potential ground water quality problems, and the 
assessment of the potential for contaminants to migrate 
off the Hanford Site through the ground-water pathway. 

To determine the impact of Hanford operations on the 
environment, the background conditions, or the quality 
of water on the Hanford Site unaffected by operations, 
must be known. Data on the concentration of contami­
nants of concern in ground water that existed before 
Hanford operations began are not available; therefore, 
concentrations of naturally occurring chemical and radio­
logical constituents in ground water sampled from wells 
located in areas unaffected by Hanford operations, includ­
ing upgradient locations, provide the best estimate of 
pre-Hanford ground-water quality. 

Samples are collected at various frequencies depending 
on the historical trends of constituent data, regulatory or 
compliance requirements, and characterization require­
ments . Sampling frequencies range from monthly to 
annually; some constituents are monitored less frequently 
than annually in some wells. 
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4.1 Air Surveillance 
G. W Patton 

Atmospheric releases of pollutants from the Hanford Site 
to the surrounding region are a potential source of human 
exposure. Thus, radioactive and nonradioactive materials 
in air are monitored at a number of locations on and 
around the Site. The influence of Hanford emissions on 
local pollutant concentrations was evaluated by comparing 
air concentrations measured at distant locations within 
the region to concentrations measured at the Site perim­
eter. This section discusses sample collection techniques 
and analytical methods and summarizes the analytical 
results of the Hanford air surveillance program. A com­
plete listing of all analytical results summarized in this 
section is reported separately by Bisping ( 1996). 
A detailed description of all radiological sampling and 
analytical techniques is provided in the Environmental 
Monitoring Plan (DOE 1994a). 

Collection and Analysis of 
Radiological Air Samples 

Airborne radionuclides were sampled by a network of 
40 continuously operating samplers: 20 on the Hanford 
Site, 9 near the Site perimeter, 8 in nearby communities, 
and 3 in distant communities (Figure 4.1.1 and 
Table 4.1.1) . Eight of the stations were community­
operated environmental surveillance stations (see Sec­
tion 6.4) that were managed and operated by local school 
teachers . Air samplers on the Hanford Site were located 
primarily around major operational areas to maximize 
the ability to detect contaminants resulting from Site 
operations. Perimeter samplers were located around the 
Site, with emphasis on the prevailing downwind direc­
tions to the south and east of the Site (see Figure 6.1.1). 
Continuous samplers located in Benton City, Richland, 
Kennewick, Mattawa, Othello, and Pasco provided data 
for the nearest population centers. Samplers in the distant 
communities of Sunnyside, Toppenish, and Yakima pro­
vided background data for communities essentially 
unaffected by Site operations. 

Samples were collected according to a schedule estab­
lished before the monitoring year (Bisping 1995a). Air 
sampling locations are listed in Table 4.1.1 , along with 
specific analyses for each location. Airborne particles 
were sampled at each of these locations by continuously 
drawing air through a high-efficiency glass-fiber filter. 
The filters were collected every 2 weeks, field surveyed 
with hand-held instruments for total radioactivity to 
detect any unusual occurrences. Field measurements of 
radioactivity in samples are used to monitor changes in 
environmental conditions that could warrant attention 
before the more detailed and sensitive laboratory analy­
ses are completed. The samples were transported to an 
analytical laboratory and stored for at least 7 days. 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 detec­
tion of longer-lived radionuclides potentially present 
from Hanford emissions. The filters were then analyzed 
for total beta radioactivity and most filters were also 
analyzed for total alpha radioactivity. 

For most radionuclides, the amount of radioactive material 
collected on the filter during the 2-week period was too 
small to be readily measured. The sensitivity and accuracy 
of sample analysis was increased by combining biweekly 
samples for nearby locations ( or in some cases a single 
location) into quarterly composite or annual composite 
samples. The quarterly composite samples were analyzed 
for specific gamma-emitting radionuclides (Appendix E). 
The quarterly composite samples were then used to form 
annual composite samples (Table 4.1.2). Annual com­
posites were analyzed for strontium and plutonium 
isotopes, with selected annual composites also analyzed 
for uranium, americium, or gamma-emitting radionuclides. 

Gaseous iodine-131 was sampled at four locations by 
drawing air through a cartridge containing chemically 
treated activated charcoal. These cartridges were ex­
changed biweekly and were located downstream of a 
particle filter. Iodine-131 has a short half-life (8 days) 
and is potentially present in the environment only around 
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Figure 4.1.1. Air Sampling Locations, 1995 (see Table 4.1.1 for location names) 
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Air Surveillance 

Table 4.1.1. Air Sampling Locations, Sample Composite Groups, and Analyses, 1995 

Map'"l 
Location Sampling Location Analyses(bl Composite Group Analyses<cJ 

Onsite 
1 100-K Beta, alpha, 3H } 2 100-N, 1325 Crib Beta, alpha, 3H 100 Areas Gamma, Sr, Pu 
3 100-0 Beta, alpha 

4 S of 200-East Beta, alpha South of 200-East Gamma, Sr, Pu, U 
5 E of 200-East Beta, alpha East of 200-East Gamma, Sr, Pu, U 
6 200-East SE Beta, alpha,3H, 129l , 

SVQC(d) 200-East SE Gamma, Sr, Pu, U, Am 

7 N of200-East Beta North of 200-East Gamma - Annual 

8 Army Loop Camp Beta, alpha } 200-West, South , and East Gamma, Sr, Pu, U 
9 GTE Building Beta, alpha, 3H 

10 200-West SE Beta, alpha 200-West Gamma, Sr, Pu, U 

11 300 Water intake Beta } 12 300-South Gate Beta, alpha, 3H 300 Area Gamma, Sr, Pu, U 
svoc 

13 300NE Beta, alpha, 3H } 300NE Gamma, Sr, Pu, U 
14 300 Trench Beta, alpha, 3H 

15 400-East Beta, alpha, 3H 

} 16 400-West Beta, alpha 
17 400-South Beta, alpha 400 Area Gamma, Sr, Pu 

18 400-North Beta, alpha 

19 B Pond Beta, alpha B Pond Gamma, Sr, Pu, U 

20 Wye Barricade Beta, alpha Wye Barricade Gamma, Sr, Pu, U, Am 

Perimeter 

21 Ringold Met. Tower Beta, alpha, 3H, 1291, 
13 11 Ringold Met. Tower Gamma, Sr, Pu 

22 W End of Fir Road Beta, alpha W End of Fir Road Gamma, Sr, Pu, U, Am 

23 Byers Landing Beta, alpha, 3H, 129I, 
13 11 Byers Landing Gamma, Sr, Pu, U, Am 

24 Dogwood Met. Tower Beta, alpha, 3H Dogwood Met. Tower Gamma, Sr, Pu, U, Am 

25 Battelle Complex Beta Battelle Complex Gamma - Annual 

26 Horn Rapids Road } Substation Beta, alpha Prosser Barricade Gamma, Sr, Pu, U 
27 Prosser Barricade Beta, alpha, 3H 

28 Yakima Barricade Beta, alpha, SVOC''l Yakima Barricade Gamma, Sr, Pu 
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Table 4.1.1. Air Sampling Locations, Sample Composite Groups, and Analyses, 1995 (contd) 

MapC•l 
Location Sampling Location 

29 Wahluke Slope 

Nearby Communities 

30 Pasco 

31 Kennewick 

32 Benton City 

33 Mattawa 

34 Basin City 

35 North Franklin County 

36 Richland 

37 Othello 

Distant Communities 

38 

39 

40 

Sunnyside 

Yakima 

Toppenish 

(a) See Figure 4.1.1. 

AnaJyses<bJ Composite Group Analyses<cJ 

Beta, alpha, 3H Wahluke Slope Gamma, Sr, Pu 

Beta } Tri-Cities Gamma, Sr, Pu 
Beta, alpha 

Beta Benton City Gamma - Annual 

Beta Mattawa Gamma - Annual 

Beta, alpha, 3H Basin City Elem. School Gamma, Sr, Pu, U 

Beta, alpha, 3H, 13 1I Edwin Markham Elem. School Gamma, Sr, Pu , U, Am 

Beta, alpha, 3H Leslie Groves Park Gamma, Sr, Pu, U 

Beta Othello Gamma - Annual 

Beta, alpha, 3H Sunnyside Gamma, Sr, Pu, U 

Beta, alpha, 3H, 1291, 
131J Yakima Gamma, Sr, Pu , U, Am 

Beta, alpha, 3H Toppenish Gamma, Sr, Pu, U 

(b) Beta, alpha, and 1311 samples are collected biweekly (every 2 weeks), 3H samples are collected monthly (every 4 weeks), and 
1291 samples are collected monthly (every 4 weeks) and combined into a quarterly composite sample for each location. 

(c) Gamma scans are performed on quarterly composite samples (or on annual composite samples [Gamma - Annual]); Sr, Pu, U, 
and Am analyses are performed on annual composite samples. 

(d) SVOC = Semi volatile organic compounds. 
(e) These semi volatile organic compound samples were actually collected at Rattlesnake Springs (Figure 1.0.1). 

active nuclear reactors . With the shutdown of all DOE 
nuclear reactors on the Hanford Site, there is no active 
DOE source of this radioisotope. Any iodine-131 
released to the environment from past DOE operations 
would have decayed to undetectable amounts. Therefore, 
sampling for iodine-131 was discontinued in May 1995. 

Iodine-129 (16,000,000-year half-life) was sampled at 
4 locations using a similar technique as that used to 
collect iodine-131; however, a special low-background 
petroleum-charcoal cartridge was used for increased 
sensitivity. Samples were collected monthly and combined 
to form quarterly composite samples for each location. 
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Atmospheric water vapor was collected for tritium analysis 
at 19 locations by continuously passing air through 
cartridges containing silica gel, which were exchanged 
every 4 weeks. The collection efficiency of the silica gel 
adsorbent is discussed in Patton et al. ( 1995). The 
collected water was distilled from the silica gel and 
analyzed for its tritium content. 

Some of the environmental surveillance air samples were 
collected at eight community-operated environmental 
surveillance stations (see Section 6.4) located at Basin 
City Elementary School in Basin City, Edwin Markham 
Elementary School in Franklin County, Leslie Groves 



Table 4.1.2. Airborne R adionuclide Concentrations in the Hanford Environs, 1995 Compared to Values from the Previous 5 Years 

1995 1990-1994 1995 
No. of No. of Concentration 

Radionuclide Location GroupC•> Samples MaximumCb) AverageCc) Samples MaximumCb> AverageCc> GuideCd> 
pCi/m3 pCi/m3 pCi/m3 pCi/m3 pCi/m3 

Total beta Onsite 514 0.069 ± 0.0073 0.017 ± 0.00090 2,35 1 0.13 ± 0.012 0.020 ± 0.00053 
Perimeter 205 0.065 ± 0.0069 0.017 ± 0.0014 1,29 1 0.15 ± 0.014 0.019 ± 0.00072 
Nearby Communities 20 1 0.062 ± 0.0062 0.016 ± 0.001 l 880 0.10 ± 0.0098 0.019 ± 0.00087 '-
Distant Communities 71 0.061 ± 0.0064 0.015 ± 0.0025 387 0.12 ± 0.013 0.018 ± 0.0013 a-,... -

aCi/m3 aCi/m3 aCi/m3 
{.>J 

aCi/m3 aCi/m3 ...c: 
-..J 

90Sr Onsite 15 300 ± 96 47 ± 49 82 4,200 ± 810 100 ± 130 9,000,000 
co 

Perimeter 7 0.32 ± 12 -1.6 ± 1.5 53 2,300 ± 430 170 ± 140 c::l 
Nearby Communities 4 2.7 ± 16 -1.4 ± 3.2 44 6,300 ± 1,200 210 ± 300 ~..r:. 

c-,..., 
Distant Communities 3 -1.8 ± 9.7 -7.1±6.8 30 68 ± 120 -5 .1 ± 9.2 r-,,.) 

1291 Onsite 4 50 ± 12 40 ± 11 20 110 ±10 52 ± 10 70,000,000 
Perimeter 8 2.3 ± 0.28 l.l ± 0.48 40 5.2 ± 0.39 1.5 ± 0.27 
Distant Communities 4 0.056 ± 0.0054 0.035 ± 0.0 18 20 0.40 ± 0.046 0.10 ± 0.034 

IJIJ Perimeter 22 5,900 ± 3,700 -3,300 ± 7,700 325 13,000 ± 11 ,000 5.0 ± 250 400,000,000 
Nearby Communities 10 2,700 ± 4,500 -210 ± J,700 230 28,000 ± 19,000 470 ± 410 
Distant Communities 10 4,000 ± 4,200 990 ± 1,500 161 7,200 ± 8,900 50 ± 330 

137Cs Onsite 45 550 ± 440 60 ± 64 203 1,200 ± 880 65 ± 42 400,000,000 
Perimeter 29 450 ± 250 -16 ± 97 161 1,400 ± 1,100 24 ± 68 
Nearby Communities 19 300 ± 460 41 ± 47 120 990 ± 1,500 4.9 ± 62 
Distant Communities II 280 ± 410 3.2 ± 120 80 1,300 ± 1,200 36 ± 93 

U tota! C•> Onsite 39 25 ± 4.3 10 ± 2.4 189 3,400 ± 330 66 ± 48 100,000 
Perimeter 12 36 ± 5.7 17 ± 7.9 78 64 ± 13 21 ± 3.9 
Nearby Communities 9 26 ± 6.3 12 ± 6.3 54 44 ± 12 19 ± 3.9 
Distant Communities 9 19 ± 3.7 11 ± 5.3 72 230 ± 30 21 ± 7.0 

2Jspu On ite 15 0.18 ± 0.33 -0.21 ± 0.20 82 2.0 ± 1.2 0.26 ± 0.14 30,000 
Perimeter 7 0.19 ± 0.37 0.078 ± 0.070 52 3.1 ±4.l 0.078 ± 0.24 ~ 

Nearby Communities 4 0.28 ± 0.62 0.096 ± 0.16 44 1.8 ± 1.6 0.029 ± 0.14 ::;· 
(/) 

Di stant Communities 3 0.047 ± 0.52 0.019 ± 0.030 30 5.3 ± 3.1 0.50 ± 0.44 C: 

~ 
~ 

IC 
:::, 
() 

IC (I) 



-C) 
C) 

Table 4.1.2. Airborne Radionuclide Concentrations in the Hanford Environs, 1995 Compared to Values from the Previous 5 Years (contd) 

1995 1990-1994 1995 
No. of No. of Concentration 

Radionuclide Location Grou C•> Sam les MaximumCb> Average'<> Sam les MaximumCb> AverageCc> Guide<d> 
aCi/m3 aCi/m3 aCi/m3 aCi/m3 aCi/m3 

2i9,240Pu Onsite 15 3.1 ± 1.2 0.92 ± 0.54 82 12 ± 3.0 1.7 ± 0.48 20,000 
Perimeter 7 1.5 ± 0.77 0.54 ± 0.42 52 2.5 ± 2.0 0.82 ± 0.20 
Nearby Communities 4 0.41 ± 0.29 0.20 ± 0.17 44 3.3 ± 1.5 0.85 ± 0.26 
Distant Communities 3 1.2 ± 1.2 0.46 ± 0.77 30 3.9 ± 1.3 0.53 ± 0.42 

24 'Am<fl Onsite 2 0.12 ± I.I 0.11±0.015 4 0.90 ± 1.2 0.44 ± 0.40 20,000 
Perimeter 3 0.33 ± 0 .66 0.1 9 ± 0.1 4 5 0.43 ± 1.2 -0.27 ± 0.60 
Nearby Communities 0.061 ± 0.56 0.061 2 -.032 ± 0.76 -0.48 ± 0.32 
Distant Communities -0.34 ± 0.38 -0.34 2 -0.47 ± I. I -0.77 ± 0.61 

Total alpha<g> Onsite 463 2,100 ± 610 440 ± 25 988 8,300 ± 1,400 740 ± 63 
Pe1imeter 179 1,900 ± 680 490 ± 43 537 12,000 ± 1,700 l,2OO ± 120 
Nearby Communities 101 1,200 ± 340 500 ± 48 236 6,200 ± 1,300 790 ± 110 
Di tant Communities 71 1,400 ± 480 380 ± 64 I 25(h) 6,500 ± 1,100 850 ± 180 

(a) Location groups are identified in Table 4 . 1. l. 
(b) Maximum single sample result ±2 total propagated analytical uncertainty. Negative concentration values are explained in the section, "Helpful Information." 
(c) Average of all samples ±2 times the standard error of the mean . 
(d) From DOE Derived Concentration Guide (see Appendix C). 
(e) Summation of Uranium-234, -235, and -238. 
(f) Americium-241 sampling was initiated in 1993. 
(g) Total alpha values for 1991 and 1992 were not included because extended storage of these samples before analysis likely resulted in anomolously high concentrations 

through the ingrowth of alpha-emitting radon and thoron decay products (Sheets and Thompson 1992). 
(h) Two results from the distant communities were excluded as anomolous values through the use of a Q-test (26,000 ± 3,400 aCi/m3 at Yakima and 8,000 ± 1,000 aCi/m3 

at Sunnyside (Skoog and West 1980). 


























































































































































































































































































































































































































































































































