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Preface

U.S. Department of Energy tDOE) Order 5400.1, Although this report is written to meet DOE re-
"General Environmental Protection Program," porting requirements and _fidelines, it is also
establishes the requirement for environmental intended to meet the needs of' the public. The
protection programs. These programs ensure Summary has been written with a minimum of
that DOE operations comply with applicable fed- technical terminology. The Helpful Infbrmation
eral, state, and local environmental laws and section lists acronyms, abbreviations, conversion
regulations, executive orders, and department information, and nomenclature useful fbr under-
policies. The DOE Richland Field Office (RL) has standing the report.
established a plan for implementing this order,
United States Department of Energy-Richland This report is prepared for the RL Technical Sup-
Operations Office Environmental Protection port Division as an activity of the Hanford Envi-
Implementation Plan (Brich 1991); this plan is ronmental Surveillance and Oversight Program,
updated annually. Pacific Northwest Laboratory, Office of"Hanfbrd

Environment. Pacific Northwest Laboratory is
The Han[brd Site Envirotzmental Report is pre- operated for DOE by Battelle Memorial Institute.
pared annually pursuant to DOE Order 5400.1 to Battelle Memorial Institute is a not-for-profit
summarize environmental data that characterize independent contract research institute.
Hanford Site environmental management per-
formance and demonstrate compliance status. Inquiries regarding this report may be directed to
The report also highlights significant environ- the RL Technical Support Division, P.O. Box 550,
mental programs and efforts. More detailed Richland, Washington 99352, or to Pacific North-
environmental compliance, monitoring, surveil- west Laboratory, Office of' Hanfbrd Environment,
lance, and study reports may be of value; there- P.O. Box 999, Richland, Washington 99352
fore, to the extent practical, these additional
reports have been referenced in the text.



Summary

The Hanford Site Environmental Report is pre- disturbed and is actively used. This 6';_ is
pared annually to summarize environmental data divided into operational areas:
and infbrmation, describe environmental man-

agement performance, and demonstrate the • the 100-B/C, 100-D, 100-F, 100-H, 100-K, and
status of compliance with environmental regula- 100-N Areas, which lie along the Columbia
tions. The report also highlights major environ- River ill the northern portion of the Hanfbrd
mental programs and effbrts. Site

The report is written to meet reporting require- • the 200-East and 200-West Areas, which lie
ments and guidelines of the U.S. Department of in the center of the Hanford Site nea: _he
Energy (DOE) and to meet the needs of the pub- basalt outcrops of Gable Mountain and Gable
lic. This summary has been written with a mini- Butte
mum of technical terminology. The section en-
titled Helpful Infbrmation can also aid in reading • the 300 Area, ne_r the southern border of the
and interpreting the body of the report. Hanford Site

The fbllowing sections: • the 400 Area, between the 300 and 200 Areas

(home of the Fast Flux Test Facility)
• describe the Hanford Site and its mission

• the 1100 Area, a corridor northwest of the

• summarize the status in 1991 of compliance city of Richland used for vehicle maintenance
with environmental regulations and other support activities.

• describe the environmental programs at the The 600 Area is the designation for land between
Hanford Site the other operational areas.

• present information on environmental sur- The Hanford Site was acquired by the federal
veillance and the ground-water protection government in 1943 and was dedicated for more
and monitoring program than 20 years primarily to the production of plu-

tonium for national defense and the management
• discuss activities to ensure quality, of the resulting wastes. In the fbllowing years,

missions were diversified to include research and

More detailed information can be found in the development in the areas of energy, waste man-
body of the report and in the cited references, agement, and environmental restoration.

The DOE has ended the production of nuclear
The Hanford Site and its raaterials at Hanfbrd for weapons. The mission

Mission being implemented by the DOE Richland Field
Office (RLI includes:

The Hanford Site in southcentral Washington
State is about 1,450 km _ 1560 mi _) of semiarid • waste management

shrub-steppe located just north of the confluence • environmental restoration
of the Snake and Yakima rivers. This land, with

:: restricted public access, provides a buffer fbr the
• research and development

smaller areas historically used for the production
of' nuclear materials, waste storage, and waste

• technology development.
disposal. About 6(;; of the land area has been
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Summary

Current waste management activities at the Public Power Supply System's WNP-2 reactor
Hanford Site include primarily managdng wastes (near the 400 Area) and commercial low-level
with high and low levels oi' radioactivity (from radioactive waste burial by U.S. Ecology (near
the defense activitiesl in the 200-East and 200- the 200 Areas). Siemens Nuclear Power Corpora-
West Areas. Key waste management facilities tion operates a commercial nuclear fhel fabrica-
include the waste storage tanks, Plutonium Ura- tion facility, and Allied Technoh)gy Group Corpo-
nium Extraction (PUREX) Plant, Plutonium Fin- ration operates a low-level radioactive waste
ishing Plant, Central Waste Complex, Low-Level decontamination, supercompaction, and packag-
Burial Ground, B Plant, and 242-A Evaporator. ing disposal facility adjacent to the southern
In addition, used fuel is stored in the 100-K fuel boundary of' the ttanfbrd Site.
storage basins.

Environmehtal restoration includes activities to Compliance With Environ-

decontaminate and decommission facilities and to mental Regulations
clean up or restore inactive waste sites. The
Hanfbrd surplus facilities program conducts sur-

The DOE Order 5400.1, "General Environmentalveillance and maintenance of such fhcilities, and
Protection Program," describes the environmen-

has begmn to clean up and dispose of more than
tal standards and regulations applicable at DOE100 facilities. Current activities include decom-
facilities. These environmental standards and

missioning of the 201-C strontium semiworks and
the 183-H solar Evaporation Basins. regmlations fall into three categories: 1) DOE

directives,. 2) federal legislation and executive

Research and technology development activities orders, and 3) state and local statutes, regula-
are also conducted on the Hanfbrd Site in the tions, and requirements. The fbllowing subsec-

tions summarize the status of Hanfbrd's compli-200, 300, and 400 Areas and an administrative

area south of the Hanford Site boundary. Many ante with these applicable regulations and listenvironmental occurrences for 1991.
of these activities are intended to improve the
techniques and reduce the costs of waste manage-
ment, environmental protection, and Site A key element in Hanfbrd's compliance program
restoration, is the Hanibrd Federal Facility Agreement and

Consent Order (Tri-Party Agreement). The Tri-
Party Agreement is an agreement among theOperations and activities on the Hanibrd Site are
U._. Environmental Protection Agency tEt A),managed by RL through fbur prime contractors
Washington State Department oi' Ecology (Ecol-and numerous subcontractors. Each contractor is

responsible for the safe, environmentally sound ogy:, and DOE fbr achieving the compliance with
the remedial action • -ovisions of the Compre-maintenance and management of its facilities
hensive Environmental Response, Compensation,and operations, waste management, and monitor-
and Liability Act (CERCLA) lincluding Super-ing of operations and efIluents for environmental fhnd Amendments and Reauthorization Act

compliance. (SARA)] and with treatment, storage, and dis-

The principal contractors include: posal unit regulation and corrective action pro-visions of the Resource Conservation and

• Westinghouse Hanfbrd Company Recovery Act (RCRA).

• Battelle Memorial Institute Compliance Status

• Kaiser Engineers Hanfbrd This section summarizes the activities conducted

to ensure that the ttanfbrd Site is in compliance
• Hanfbrd Environmental Health Foundation. with environmental protection regulations.

Non-DOE operations and activities include com-
inertial power production by the Washington
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Comprehensive Environmental was in compliance with the reporting and notifi-
Response, Compensation, and cation requirements contained in this Act.
Liability Act

Resource Conservation and

The CERCLA established a program to ensure Recovery Act
that sites contaminated by hazardous substances

are cleaned tlp by responsible parties or the gov- The RCRA establishes regulatory standards for
eminent. The SARA broadened CERCLA and the generation, transportation, storage, treat-
established provisions for federal fhcilities. ment, and disposal of hazardous waste. Ecology

has been authorized by the EPA to implement its
The preliminary assessments conducted for the dangerous waste program in lieu of the EPA for
Hanford Site revealed approximately 1,100 Washington State, except for some provisions of
known individual waste sites where hazardous the Hazardous Solid Waste Amendments of 1984.

substances may have been disposed of in a man- Ecology also implements the state's regulations,
ner that requires further evaluation to determine which are often more stringent.
impact to the environment.

At the Hanford Site, 63 treatment, storage, and
The DOE is actively pursuing the remedial inves- disposal (TSD) units have been identified that

tigation/feasibility studies (RUFS) process at must be permitted or closed in accordance with
some operable units on the Hanford Site. The RCRA and Washington State regulations. The

selection of'the operable units currently under TSD units are required to operate under
investigation is a result of Tri-Party Agreement Ecology's interim status compliance require-
negotiations. All milestones related to the RIFFS ments. Approximately one-half of the units will
process established for 1991 were achieved, and be closed.
Hanford was in compliance with these CERCLA/

SARA requirements. This takes into consider- The Tri-Party Agreement provides the frame-
ation several milestones delayed through the work for meeting RCRA requirements. Forty-
change request process, seven of the forty-eight milestones scheduled for

1991 were completed, although some were
Emergency Planning and Community delayed as approved through the change request
Right-To-Know Act process. At the end of 1991, 136 Tri-Party

Agreement milestones had been completed on or
The Emergency Planning and Community Right- ahead of schedule over the previous 3 years.
To-Know Act provides the public with informa-
tion about hazardous chemicals in the community In December 1990, Ecology issued a Notice of
and establishes emergency planning and notifica- Noncompliance to RL regarding the return of
tion procedures to protect the public from a re- 68 drums of packaged waste to the generating
lease. Subtitle A of the law calls for creation of site, the 183-H Solar Evaporation Basins. The
state emergency response commissions to guide drums were returned to the Central Waste
planning for chemical emergencies. State com- Complex in January 1991. The inspection,
missions have also created local emergency plan- repackaging, and shipping of the 68 drums was

ning committees to ensure community participa- completed without any safety-related incidents.
tion and planning.

A Part B permit application for the Hanford Site
The 1990 Hanford Tier Two Emergency and Haz- was submitted to the regulators ibr review in
ardous Chemical Invento,y (DOE 1990a) was October 1991. As of the end of December 1991,
issued March 1, 1991, to the State Emergency no comments had been received on this
Response Commission, local county emergency submittal.
management committees, and local fire depart-

ment. The report contained information on haz- Quarterly RCRA ground-water sampling was
ardous materials in storage across the Hanfbrd suspended at the Hanford Site in May 1990 when
Site. Accordingly, during 1991, the Hanford Site the site analytical services contract with United
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States Testing, Ill(:., was terminated. A special The I)OH, Division of Radiation lh atection, has
one-time sampling was conducted at selected promulgated regulatory controls ibr radioactive
wells during February and March 1991. This air emissions under Section 116 of the Clean Air
limited cfff)rr ohtained ground-water data during Act. Washington State regulations (WAC, 246-
the period of extended negotiation to replace the 247) require registration of ali radioactive air
analytical services contract. Full-scale RCRA emission point sources with the DOH. Ali signifi-
ground-water monitoring activities resumed in cant Hantbrd Site stacks emitting radiation have
June 1991 when an interim contract was estab- been registere :1in accordance with applicable
lished with Internatl(real Technohigies Corpora- regulatiorls.
tion fi)r analyzing ground-water samples. Fifty

ground-water monitoring well:_ were constructed Revised Clean Air Act. requirements tbr radioac-
at seven RCRA TSD facilities in 1991. tive air emissions were isstled l)ecelnber 15,

1989, under National Emissi(m Standards tbr
Subtitle I of RC,RA deals with regulation ()t' Hazardous Air Pollutants (NESHAI)) 4/) (',FR 6 l,
undergrmmd storage tank systems. These regu- Subpart H. Emissions from the Hanfi)rd Site are
lations were added to RCI{A by the Hazardous well within the new EPA orthite emissi(ms stan-

and Solid Waste Amendments of 1984. The EPA (lard of l 0 mrem/yr lel'fective dose equivalent (see
has deveh)ped regulations imposing technical (llossary)l. However, Hanford Site sources do not

standards fiir tank pertbrmance and manage- yet meet the new procedural requirements ibr
merit, including standards governing the cleanup flow measurement, emissions measurenient,
and closure of leaking tanks. These regulati(ms quality assurance, and sampling documentation.
do not apply to the single- and double-shell The I{L receiw'd a 2-year extension of the
nuclear waste tanks, which are regulal_ed as 'PSI) Subpart H requirements until l)ecember 15,
thcilities. 1991. Negotiations are ongoing.

I)uring 1991, fi)ur abandoned tanks located in the Pursuant to the NESHAP program, EPA has
3000 Area were removed and disposed of. Addi- developed regulations specifically addressing
tionally, one gasoline tank was removed from the asbestos emissions 40 CFR 61, Subpart M. These
100-N Area when a gas station was closed. A regulations apply at Hantbrd in building demoli-
total of 14 tank/piping systems were tested. Five tion/disposal and waste disposal operations. I)ur-
systems failed and were taken out of servi('e, ing 1991, 1,160 ma (1,517 yd' _)of asbestos were

removed.

Clean Air Act
The h)cal air authority, the Tri-Counties Air Pol-

The purpose of the Clean Air Aet is to protect lution Control Authority, enfi)rces General Regu-
public health and welfare by safeguarding air lation 80-7. This regulation pertains to detrimen-
quality, bringing polluted air into compliance, tal ettbcts, fugitive dust, incineration products,
and protecting clean air from degradation. In odor, opacity, asbestos, and sulfur oxide emis-

sions. The Authority has also been delegatedWashington State, the provisions of the act are
implemented by EPA, Washington State responsibility to enfi)rce the EPA asbestos regula-
I)epartment of Health (I)OH), and h)cal air tions under NESHAP. The Site remains in com-
authorities, pliance with the regulations.

The Hantbrd Site is operated under a Prevention Hantbrd Site contractors have prepared Facility

ot' Significant Deterioration permit (No. PSD- Effluent Monitoring Plans (FEMPs) specific to
X80-14) issued by the EPA in 1980. The permit various Ihcilities across the Site. The FEMPs
sets specific limits tbr emissions oi' nitrogen include sections that outline compiiance with
oxides from the Plutonium Uranium Extraction 40 CFR 61 (atmospheric emissions). The prepa-

(PUREX) and Uranium Oxide (UO:_>plants, ration of FEMPs was completed in late 199l. A
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summary of each FEMP has been incorporated Toxic Substances Control Act
into a sitewide environmental monitoring plan

covering effluent monitoring and environmental The application of Toxic Substances Control Act
surveillance, requirements to ttanford essentially involves

regulation of PCBs. The Hanfbrd Site is cur-

Clean Water Act rently in compliance with regulations fi)r nonra-
dioactive PCBs. Effective nationwide treatment

and disposal capacity and technoh)gies have notThe Clean Water Act applies to all discharges t()
waters of the United States. At the Hantbrd Site, been developed fi)r radioactive PCB waste. These

the regulations are applied through a National wastes are being stored with EPA approval,
Pollutant Discharge Elimination System pending deveh)pment of treatment and disposal
( _ _ _ technologies and capabilities.NI [)ES) permit governing effluent discharges
to the Columbia River. The NPI)ES permit
(No. WA-000374-3)specifies discharge points Federal Insecticide, Fungicide, and
(called outthlls, of which there are eight), effluent Rodentieide Act (FIFRA)
limitations, and monitoring requirements.

The EPA is responsible tbr ensuring that a chem-
There were tbur reportable conditions in 1991. ical, when used according to label instructions,
Problems were experienced in measuring the flow will not present unreasonable risks to human
at Outfall 003 in the 100-K Area. With low th)ws, health or the environment. The FIFRA and the

rust from the associated piping accumulates in Revised Code ()f Washington 17.21, "Washington
the meters. The design oi'the system was evalu- Pesticide Application Act," as implemented by
ated, and changes were made to alleviate the WAC 16-228, General Pesticides Regulations,
problem, apply to storage and use of pesticides. The Han-

tbrd Site is in compliance with the Act's require-
The pH permit limit was exceeded in the ments and WAC 16-228 regulations pertaining to
100-N Area iOutfall 009). The cause of the storage and application of pesticides.
exceedance was thought to be inlet water with a

high pH. Action was taken to isolate the inlet Endangered Species Act
water ft-ore the outfall. The 100-K Area outfall

(Outthll 0041 total suspended solids (TSS) analy- A few rare species of native plants and animals
sis was not performed within the 7-day regula- are known to o( _ur on the Hanfbrd Site. Some of

tory sample holding time. Procedures were re- these are listed by the U.S. Fish and Wildlife

viewed with operations personnel. Service as en :tangered or threatened (federally
listed). Others are listed by the Washington

Quarterly sampling results normally reported in State Department of Wildlife as endangered,
April fi)r an N reactor outfall were delayed. The threatened, or sensitive species. The Site moni-
wrong test well was sampled and a new sample toring program is discussed in Section 3.3, "Envi-
and analysis had to be conducted, ronmental Studies and Programs." Hantbrd

activities complied with the Endangered Species

Safe Drinking Water Act Act in 1991.

The National Primary Drinking Water Regula- National Historic Preservation Aet, Ar-

tions of the Safe Drinking Water Act apply to the chaeological Resources Protection Act,
drinking water supplies at the Hanibrd Site. and American Indian Religious Freedom
These regulations are enfbrced by the DOH. Act
During 1991, sanitary water was supplied on the
Hantbrd Site by 15 individual drinking water Cultural resources on the ttanfbrd Site are sub-

systems. Ali water systems were in compliance ject to the provisions of the National Historic
with the requirements oi' the applicable Preservation Act and the Archaeological Re-
regulations, sources Protection Act. Compliance with these
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Acts is accomplished through a monitoring pro- A large number of offnormal environmental oc-

gram which is described in Section 3.3, "Environ- currence reports were filed at Hanford during
mental Studms and Programs " In 1991, Hantbrd 1991 covering everything ft'ore spills ofautomo-
operations complied with these Acts. tive battery acid to leaks ft'ore overheated motor

vehicle cooling systems. Because of the volume oi"

National Environmental Policy Act reported off:normal o(:currences, event summa-
(NEPA) ries are not included here.

The NEPA establishes environmental policy to The 1991 unusual occm'rences with the most
prevent or eliminate damage to the environment potential fbr environmental impact and their
and to enrich our understanding of ecological occurrence numbers are:
systenls and natural resources. The NEPA re-
quires that major f_deral projects with significant • Release of Contanfinated Well Water to the
impacts be carethlly reviewed and reported to the Ground (RL-PNL-P14BOPER-19911004)
public in environmental impact statements
(EISs). Other NEPA documents such as environ- • I)iesel Fuel Spill (RL-WHC-WHC100ERD-

1991-1002)
mental assessments are also prepared in actor
dance with NEPA requirements.

• Radiation Contamination (RL-WHC-PFP-
1991-1020)

Several EISs related to programs or activities on
the Hanford Site are in process or in the planning

• Purgewater Discharge to the Ground (WHC-r_ _Sstage. I he,'e are:
91-0008-183H).

• Draft Environmental Impact Statement, De-

cmnmissioning of Eight Su "plus Production Environmental Programs
Reactors at the Hanfbrd Site, Richland,

Washington Environmental programs were conducted at

• Programmatic Environmental Impact State- Hanford to restore environmental quality, man-
merit for the Office of Environmental Restora- age waste, develop appropriate, technology fbr

cleanup activities, and study the environment.lion and Waste Munagement Program
These programs are discussed below.

• Weapons Complex Modernization Program-
matic EIS. Environmental Restoration

NEPA assessments also included information The environmental restoration program has been

on tloodplain management and protection of established to clean up inactive waste sites and
wetlands, decontaminate and decommission surplus facili-

tie,_,. Two major programs will implement these
Environmental Occurrences actions:

Onsite and offsite environmental occurrences • environmental restoration remedial action

(spills, leaks, etc.)of radioactive and nonradioac- program
tire effluent materials during 1991 were reported
to DOE as specified in DOE Order 5000.3A and • Hantbrd surplus thcilities program.
to other federal and state agencies as required by
law. All emergency, unusual, and off-normal The environmental restoration remedial acti(m
occurrence reports, including event descriptions program was established to comply with regula-
and corrective actions, are available ibr review in lions fbr characterizing and cleaning up of in-
the RL Public Reading Room, Washington. There active waste sites. The program specifically in-

were no emergency occurrences reported in 1991. eludes identification and characterization of
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inactive sites, cleanup design and action, and Waste minimization is being accomplished pri-
post-closure activities of' inactive radioactive, marily by source reduction and recycling tech-
chemically hazardous, and mixed waste sites. A niques.
number of operable units (clusters of waste sites)

ha,,- been created. Remedial investigations are A major strategy fbr Hanfbrd's waste manage-
being conducted at 16 operable units to deter- merit is to discontinue discharges of liquid con-
mine the need for remediation at these units, taminated effluents to the soil column. Effluent

Expedited Response Actions were initiated on streams containing hazardous and/or radioactive

three individual wastes sites: the 618-9 Burial wastes will no longer be discharged or will be
Ground, the 300 Area Process Trenches, and the treated to remove contaminants befbre discharge.
200-West Area carbon tetrachloride site. More Thirty-two liquid effluent streams have been

than 40 drums containing over 5,678 L (1,500 identified for which action is required. This ac-
gal) of solvent and uranium were removed ft'ore tion is included as a milestone under the Tri-

the 618-9 Burial ground, preventing the liquid Party Agreement Action Plan.
from eventually reaching the ground water.

Work was completed at the 300 Area Process The major effort for cleanup of the Hanford Site
Trenches where approximately 5,300 m:' will be the disposal of the stored wastes resulting
(7,000 yd:') of contaminated soil were removed from past production operations. The strategies
and isolated. A pilot-scale carbon tetrachloride for handling and disposing of' these wastes, as
vapor extraction unit was successfully demon- well as newly generated wastes, were established
strated at the 200-West Area. through the National Environmental Policy Act

(NEPA) process. The resulting record of decision
Many DOE-owned facilities at the Hanfbrd Site recommends implementing preferred alterna-
that were formerly used for ntmlear materials tives, described by the Final Environmental Ira-
production have been retired from service and pact Statement, Disposal o/'Han[brd Defense,
declared surplus. The Hanford surplus facilities High-Level Tratzsur(tnic and Tank Wastes.
program manages these facilities for DOE. The

program provides for surveillance and mainte- Technology Development
nance, as well as eventual decommissioning, of

these facilities. The Office of Technology Development was
tbrmed to consolidate and provide centralized

The activities currently under way include clean-
management and oversight for research, develop-

ing up the 183-tt Solar Evaporation Basins, ment, demonstration, testing, and evaluation

decommissioning of the 201-C Strontium Semi- activities, and support to DOE Headquarters
works, decommissioning of sevc, ral 100 Areas (HQ, in Washington, D.C,.) ()tt_ces of Environ-
ancillary thcilities, and preparing the final EIS mental Restoration and Waste Management,

Decommissioning o/'Eight Surplus Production Waste Operations, Delimse Programs, Nuclear
Reactors at the Han/brd Site, Richland, Energy, and Energy Research. The technology
Washington. development activities seek to coordinate ,mw

and more effective technologies to solve environ-
Waste Management mental restoration and waste management

challenges.
Waste management is the safe and effective man-

agement of active and standby facilities and the During 1991, two integrated demonstrations
treatm,_nt, storage, and disposal ot' radioactive, were assigp.ed to Hantbrd contractors tbr lead
hazardous, and mixed waste. An important con> coordination: 1_ tbr underground storage tank
ponent is to minimize the generation of waste, stabilization and remediation, and closure of

The Site contractors have integrated waste mini- high-priority single-shell tank RCRA sites and

mization and pollution prevention awareness 2i to provide solutions fbr the Expedited
programs into a single, coordinated initiative.
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Response Action to remediate the carbon tetra- Technical work done in 1991 on the Hanfbrd En-

chloride plume in the 200-West Area. vironmental Dose Reconstj'uction Project (HEDR)
consisted of' studying data obtained in 1990, re-

Environmental Studies structuring models to enhance their capabilities,
developing estimates of releases of radioactive

Wildlife populations inhabiting the Hanford Site materials, and evaluating additional information
are monitored to measure the status and condi- needed to produce estimates.

tion of the populations, and to assess effects of

Hanford operations. Particular attention is paid The community-operated environmental surveil-
to species that are rare, threatened, or endan- lance program was initiated in 1.990 to increase
gered nationally or statewide and those species the public's involvement in and awareness of
that are of commercial, recreational, or aesthetic Hanfbrd's surveillance program. Three surveil-

importance statewide or locally. These species lance stations began operation in March 1991.
include the bald eagle, chinook salmon, Canada

goose, several species of hawk, Rocky Mountain An education outreach program was established
Elk, mule deer, white pelican, and other bird with the Yakima Indian National in 1991. This
species, program provided an opportunity for a student to

study Columbia River water quality and fish

Fluctuations in wildlife and plant species on the health and environmental monitoring activities
Hanfbrd Site appear to be a result of natural conducted at Hanford.
ecological factors and management of the Colum-

bia River system. The establishment and man- Environmental Monitoring
agement of the Hanfbrd Site has had a net posi-
tive effect on wildlife relative to probable Information
alternative uses of the Site.

Environmental monitoring of the Hanfbrd Site
The Hanford Cultural Resources Laboratory was consists of 1) effluent monitoring and 2) environ-
established by the U.S. Department of Energy mental surveillance. Effluent monitoring i,_ per'-
Richland Field Office in 1987 as part of the Pa- fbrmed as appropriate by the Site facility opera-
cific Northwest Laboratory. Cultural resources tors at the facility or at the point of release to the
on the Hanfbrd Site are closely monitored and environment. Environmental surveillance con-

projects are relocated in cases where there is a sists of sampling and analyzing environmental
possibility of' altering any significant historical media on and oft' the Hanfbrd Site to detect and

sites, quantif}¢ potential contaminants, and to assess
their" environmental and human health

lt appears that erosive processes are the most significance.
significant factors affbcting most of the sites.

Wind erosion from off-road-vehicle use plays a big The overall objectives of the monitoring programs
part in the deterioration of sites inside and out- are to demonstrate compliance with federal,

side of the security perimeter, state, and local regulations; confirm adherence to
DOE environmental protection policies; and sup-

Tw() cultural properties were evaluated for their port environmental management deci'_ions.
eligibility to the National Register" of Historic

Places. The first is a hunting blind and kill site The fbllowing sections describe the effluent moni-
in the Gable Mountain/Gable Butte Archaeologd- toting and environmental surveillance conducted
cal District. Results of test excaw_tions are being in 1991 and the results.
used to support its nomination. The second,
White Bluffg Road, an ancient Native American
trail, was determined eligible tbr the National
Register of Historic Places.
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Effluent Monitoring exposure. Radioactive materials in air were sam-
pled continuously at 47 locations onsite, at the

Effluent monitoring measures the amounts oi' Site perimeter, and in nearby and distant com-
radioactive and nonradioactive effluent liquids, munities. Samples were also collected at three
gases, and solids released to or disposed of in the community-operated environmental surveillance
Hanford Site environment. Facility operators stations that were managed and operated by local
monitor effluents mainly through sampling and school teachers. Particulates were filtered from
analyzing. The effluent data gathered from mon- the air at all locations and mmlvzed for radio-
itoring activities are evaluated to determine the nuclides. Air was sampled and analyzed fi)r
degree of compliance with applicable federal, selected gaseous radionuclides at key locations.
state, and local regulations and permits. Several radionuclides released at Hanford are

also found worldwide from two other sources:

Air emission flows are quantified using a combi- those radionuclides that are naturally occurring

nation of discharge point measurements and cal- and those resulting from the fallout from nuclear
culations based on process information. Emis- weapons testing. The influence of Hanford emis-
sions can contain volatile [brms of radionuclides, sions on local radionuclide concentrations was

noble gases, and radioactive particles. An air indicated by the difference between concentra-
emission discharge is monitored when it has the tions measured at distant locations within the

potential of exceeding 10_ of release limits, region and concentrations measured at the Site
Stacks and vents are monitored ['or total alpha perimeter.
and total beta activity and, as warranted, specific
radionuclides. A nom'adioactive emission is mon- Average 1991, _"'_Ru,'_'_'I,total beta, and total
itored if it could exceed 50_ oi' applicable stan- alpha radiation concentrations were greater at
dards. Nonradioactive constituents monitored the Site perimeter than at the distant locations;
include nitrogen oxides, particulate matter, sul- however, only for '__'Iwas the difference statisti-
fm" oxides, carbon monoxide, hydrocarbons, and tally significant/5_, significance level). The dill
ammonia. Air emission discharge points are ferences in total beta and alpha radiation were
located in the 100, 200,300, 400, 600, and predominantly due to the eflbcts of natural geo-
1100 Areas. logical variances. Ruthenium-106 was generally

below detectable concentrations both on and off

Onsite liquid effluents discharge to cribs, ponds, the Hanfbrd Site. Elevated uranium concentra-
ditches, the City of Richland treatment facility, tions (':_'_Uand _:_xU)were reported ibr 300 Area
and the Columbia River. Samples of these efflu- air samples collected during the third and fourth
ents are analyzed to demonstrate whether appli- quarters of 1991. The maximum air concentra-
cable standm'ds are met. Radioactive discharges, tion (3,450 aCi/m :_,_:_'LU)at the 300 Area was 3.4_ ,
fbllowing a downward trend, decreased further in of the derived concentration guide (DCG), the
the 100 and 300 Areas. Total activity discharged concentration that would result in a dose equal to
in the 200 Areas did increase, but not substan- the DOE standard to protect public health. How-

tially. Most nonradioactive liquid discharges also ever, uranium concentrations measured at the
decreased, some significantly, such as sodium downwind Site perimeter locations were not el-
sulfhte and aluminum sulfate in _he 100 Areas. evated during this time period. For 1991 the
Exceptions, with moderate increases, were total overall air pathway resulted in a potential dose
organic carbon in the 200 Areas and nitrates, to the maximally exposed individual that was
polyacrylamide, and aluminum sulfhte in the 0.07_;¢ of the Clean Air Act standard.
300 Area.

Surface-Water Surveillance
Air Surveillance

The Columbia River was one of the primary envi-
Transport of atmospheric releases of radioactive ronmental exposure pathways to the public dur-
materials from the Hanfi)rd Site to the surround- ing 1991 as a result of operations at the Hanfbrd
ing region represents a direct pathway tbr human

..o
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Site. Radiological and nonradiological contami- OftMte water, used fbr irrigation and/or drinking

nants entered the river along the tlantbrd Reach water, was sampled to determine radionuclide,
as direct effluent discharges and through the concentrations in water used by the nearby
seepage of contaminated ground water. Water public. Elevated total alpha and total beta con-
samples were collected from the river at various centrations, attributed to naturally occurring
locations throughout the year to determine com- uranium, were observed at some locations. Aver-
pliance with applicable standards, age radionuclide concentrations in ottYite water

during 1991 were within applicable drinking
Although radionuclides associated with Hantbrd water limits.
operations continued to be routinely identified i_,

Columbia River water during the year, eoncen- Soil and Vegetation Surveillance
trations remained extremely low at ali locations

and were well below applicable standards. Non- In 1991, le soil samples were collected on the
radiological water quantity constituents mea- Hantbrd Site and 10 were collected o['tMte. The

sured in Columbia River water during 1991 were onsite samples were obtained near major operat-
als() in compliance with applicable standards, ing areas, whe:'e any effects from Hanfbrd opera-

tions would be expected to be most apparent.
Samples from three Columbia River shoreline Most of the offYite sampling locations were at the
springs, contaminated as a result of past waste Site perimeter and in a generally downwind
disposal practices at Hanibrd, were collected dur- direction. Some were collected upwind of the Site
ing 1991. Contaminant concentrations in the at distant locations to establish background con-
springs were similar to those tbund in the ground centrations. The offsite soil samples were sorted
water. Radionuclides concentrations were gener- into tbur different cat¢_gories: oI'tMte, community,
ally below the DOE DCGs. However, _"'Sr in N distant, and perimeter locations. Strontium-90,
Springs water was above the DCG as well as the ':_TCs,*""_"'Pu, and uranium were the only radio-
drinking water standard tDWS). Tritium, while nuclides consistently detected in the samples.
below the DCG, wak above the DWS at the

Hanfbrd townsite springs. The results were used t() make tw() comparisons.
The first comparison, between the onsite and the

Samples of Columbia River surface sediments combined orthite locations, did not indicate a dit"

were collected from behind McNary and Priest ti_rence between the tw() groups, but the second
Rapids Dams and ft'ore four shoreline locations comparison, between the perimeter and the back-
ahmg the Hantbrd Reach of the Columbia River ground locations, did show a difference, which
during 1991. As in the past, radionuclide concen- was due to an apparent decrease in concentra-
trations in sediments behind McNary Dam were tions of'"'Sr, _:_:Cs,and _:"'.::s"Puat distant loca-
generally slightly higher than those observed in tions and an increase in uranium. These

sediments collected t'rom behind Priest Rapids changes may be a result oi' natural wtriations
Dam and along the Site. in the environment.

Three onsite ponds were sampled to determine In 1991, 13 onsite and 7 ot'E_ite vegetation
radionuclide concentrations. These ponds are samples were collected. Vegetation was sampled
accessible to migratory watertbwl and other anl- using the same rationale as soil sampling. The
mals. As a result, a potential biological pathway offsite vegetation sample locations were sorted
exists tbr the removal and dispersal ofcontami- into two categories: distant and perimeter. ()nly
nants that may be in the ponds. Concentrations .....Sr, _:_:Cs,e:>e_"Pu, and uranium were consis-
of radionuclides in water collected from these tently detected in the samples. A comparison
ponds during 1991 were similar to those observed between onsite and the combined ot'fsite locations

during past years. In ali eases, radionuclide con- did not show a difference between _he two groups
centrations in the onsite pond water were below tbr ""Sr and uranium; h(Jwever, _:_v(_',sand _:_':'-4"Pu
the I)OE DCG. concentrations were higher (}nsite than (}II'site. A
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second comparison, between perimeter and dis- game. The resulting doses were well below appli-
tant locations, showed _'4_Srand _:_'*."4°Puconcen- cable standards and guidelines developed to pro-

trations in vegetation at the Site perimeter were tect the public.
not diffbrent than those at the background loca-
tions. Cesium-137 was, in general, not detectable Food and Farm Product
in the vegetation obtained offsite. Uranium con- Surveillance
centrations at the perimeter were not compared

to those at background locations because the The Hanford Site is surrounded by many fhrms
samples were analyzed by different methods, that produce a number of food products and al-

falfa. Milk, eggs, poultry, beef, vegetables, fruit,
Wildlife Surveillance wheat, and wine collected from downwind (to the

south and east) and upwind distant locations are
The Hanford Site contains large tracks of unde- sampled. The principal downwind locations in-

veloped land that serve as a refuge tbr many spe- elude the Sagemoor and Riverview areas. Crops
cies of wildlife. The Columbia River, which bor- collected from the Riverview area are irrigated
ders the Site, also provides habitat for wildlife with Columbia River water. Alfalfa and farm

and fish that are of economic and recreational products were analyzed for the following radionu-
importance to the area. Terrestrial wildlife like clides: :_H,_Co, :'('Sr, '_':'Tc,12!_I,_:_I, _:_TCs,
deer, rabbits, a,ad upland gamebirds have access _:_2:_"_:_sU,and _3_","-'z"Pu.
to parts of the Site that contain low levels of ra-

dionuclides attributable to current and past Site Most of the farm products sampled did not con-
operations. Wildlife are monitored for radionu- tain measurable amounts of the radionuclides

elides as indicators of possible exposure to the that were identified for analysis. Low concentra-
Site surface contamination. Similarly, Columbia tions of :_H,:_'Sr, _":'I, 1:37Cs,":3_U,and ?:_sUwere

River fish are monitored to detect any radioactiv- detected in some agricultural media. Tritium in
ity that may arise from Site activities as well as wine was analyzed by two laboratories, and no
to help estimate the dose to those who may con- Hanford effects were indicated. Iodine-129 was

sume these fish. found at slightly elevated concentrations in milk
collected near the Hanford Site as compared to

Analysis of wildlife for radioactivity indicated distant locations. Alfalfh had detectable but low

some exposure of wildlife to contamination, concentrations of'"_Sr, but alfalfa irrigated with
Strontium-90 was found in bone of rabbits at Columbia River water downstream of the Han-

elevated levels. Concentrations of :"'Sr in deer ford Site had higher concentrations than alfalfa
bone were lower than 1990 levels, which had irrigated with other sources of water. Uranium-
approached the higher levels observed in rabbit 234 and _:_'_Uwere also detected in potatoes, but
bone. Strontium was also detected in Columbia appeared to be a result of natural sources. The
River fish carcasses at levels in excess of concen- potential offsite dose to consumers from food
trations reported in bass carcasses from a back- products grown ,mar Hanford is a very small
ground location. Cesium-137 was also detected fraction of the public do_e standard for exposure
in the breast muscle of ducks collected from to environmental radioactivity.
B Pond, a low-level waste pond located near the

200-East Area. A clam shell from the 100-N Area External Radiation Surveillance
contained about 270 pCi/g _'"Sr. Soft tissue from

clams collected below the 300 Area contained Dose rates from external radiation were mea-

1 pCi/g of uranium. These observations indicate sured at a number of locations in 1991 using
that wildlifh have accumulated some radioactiv- thermoluminescent dosimeters (TLDs). Artificial
ity originating from the Hantbrd Site. and naturally occurring external radiation

sources (cosmic radiation and radionuclides in

The radionuclide concentrations measured in fish the air and groundL as well as worldwide fallout,
and wildlife were used to estimate potential doses all contributed to the dose rates measured. Dose
to sportsmen who may consume Hanford Site

XV



Summary

rates at ali TLD locations were approximately 0.002 mrem (2 x 10:" mSv) per person. The cur-
15_ higher than those observed during 1990; rent DOE radiation limit Ibr"an individual mere-

however, these increases can be attributed to ber of the public is 100 mrem/yr (l Sv/yr), and the
variability in naturally occurring dose rates and national average dose fi'om natural sources is
expected measurement variability at low dose 300 mrem/yr (3 mSv/yr). The MEI potentially
rates, received 0.()2r,/, of the limit and 0.007(/, of the

national average dose from natural sources. The

The background external radiation dose rate, average individual potentially received 0.002'/, of
c_lculated from the annual average results f?om the standard and 0.0008_;_ ofthe 300 mrem/yr
upwind distant location ISunnyside, Yakima, and received from typical natural sources.
Moses Lake) was 88 + 3_/; mrem/yr as compared

to the perimeter average of 100 + 6_;_mrem/yr. Special exposure scenarios not included in the
The difference between these average dose rates above doses include the potential consumption of
is due to both natural geographic variations in game residing on the Hanford Site and exposure
terTestrial radiation and variations resulting to radiation at the publically accessible location
from human activities. Dose rates at the shore- with the maximum exposure rate. Doses from
line of the 100-N Area were approximately two to these sources would also have been small com-

three times greater than typical shoreline dose pared to the dose limit.
rates. This increase is attributed to residual ra-

dioactivity from past waste management activi- Dose through the air path_ ays ,., :'e 0.07_2_ of' the
ties within the 100-N Area. Some onsite dose EPA _40 CFR 61) limit.
rates near waste storage and handling [hcilities

were elevated above natural background rates as
expected, but agree with historical values. The Ground-Water Protection
observations at all TLD locations indicate no and Monitoring Programincrease from typical historical external radiation

levels. Radiologdcal and chemical constituents in ground
water were monitored during 1991 throughoutVarious routine external radiation and contami-
the Hanford Site in support of the overall objec-nation surveys were performed at numerous loca-
tives described in "Environmental Program Infor-tions on the Hanfbrd Site. Selected onsite roads,

railroads, Columbia River shoreline locations, tuition," Section 3.0. Monitoring activities were
conducted to identify and quantif_y existing,and areas of the Site perimeter were surveyed fbr

elevated radiation levels. In 1991, two small emerging, or potential ground-water quality
areas of low-level radioactive contamination problems; assess the potential for contaminants

to migrate off the Hanford Site; and prepare anleach less than 1 fU (0.09 m_] were detected on
an onsite road and at an onsite rail location and integrated assessment of the condition of ground
removed, water on the Site. To comply with the Resource

(_Jonservatmn and Recovery Act, additional

monitoring was conducted to assess the impactPotential Radiation Doses from 1991
that specific fhcilities have had olJ ground-water

Hanford Operations quality. During 1991, 528 Hardbrd Site wells

were sampled to satisfy, ground-water monitoring
The potential dose to the hypothetical maximally needs. As discussed in Section 4.3, four addi-
exposed individual (MEI) in 1991 from Hanfbrd tional wells located across the Columbia River

operations was 0.02 mrem 12 x 10 _ mSre, com- and east of the Hanfbrd Site were sampled to
pared to 0.03 mrem 13 x 10 '* mSv) reported ibr determine whether" Hanford operation,s had
1990. The potential dose to the local population affected water quality offthe Hanford Site.
of 380,000 persons from 1991 operations was

0.9 person-rem _0.009 person-Sym, compared to Analytical results fi)r samples were compared
2 person-rem i0.02 person-Sv) reported for 1990. with EPA's DWS (Tables B.2 and B.3, Appendix
The 1991 average dose to the population was B) and DOE's DCG (Table B.6, Appendix B_.
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Ground water beneath the Hanfbrd Site is used A comprehensive review of ali ground-water mon-
fbr drinking at five locations. Only the drinking itoring work on the Site is published annually.
water in the 400 Area at the FFTF Visitor's Cen- Befbre 1989, these reports contained complete
ter is available for public consumption; this listings of all radiological and chemical data col-

source is discussed in Section 4.8. In addition, letted during the reporting periods. Since 1989,
water supply wells tbr the city of Richland are complete listings carl be tbu:nd in a companion
located adjacent to the southern boundary of the volume to this report.
Hanford Site.

Radiolocalmonito i.g,'es lt indicatedthat Quality Assurance
total alpha, total beta, :_H, ""Co, :_"Sr, 'J:_Tc,12"I,and
HTCsconcentrations in wells in or near operating A comprehensive quality assurance (QA) pro-
areas were at levels above the DWS. Concentra- gram, which included various quality control
tions of uranium in the 200-West Area were (QC) practices and methods to verify/data, was
above the DCG. Concenti ations of :_H in the 200 maintained to ensure data quality. The QA pro-
Areas and ""Sr in the 100-N and 200-East Areas gram is implemented through QA plans designed
were also above the DCG. Tritium continued to to meet the requirements in the American Na-

move slowly with the general ground-water flow tional Standards Institute/American Society of
and discharge to the Columbia River. Mechanical Eagineers NQA-1 QA program docu-

ment and DOE Orders. Quality assurance plans
Certain chemicals regulated by the EPA and the are maintained fbr all surveillance activities, and
State of'Washington were also present in Han- conformance is verified by independent auditors.
fbrd t_a'ound water near operating areas. Nitrate Quality control methods include replicate sam-
concentrations exceeded the DWS at isolated pling and analysis, analysis of blanks and refer-
locations in the 100, 2b0, and 300 Areas and in ence standards, participation in interlaboratory
several 600 Area locations. Chromium concen- cross-check studies, and splitting samples with
trations were above the DWS at the 100-D, other laboratories. Sample collection and labora-
100-H, and 100-K Areas, and in the surrounding tory analyses are conducted using documented
areas. Chromium concentrations above the DWS and approved procedures. When sample results
were also found in the 200-East and 200-West are received, they are screened for"anomalous
Areas. Cyanide was present in ground water valuc, s by comparing them to recent results and
north of the 200-East Area. High concentrations historrcal data. Analytical laboratory perfor-
of carbon tetrachloride and chloroform were mance on the EPA Laboratory Intercomparison
fbund in wells in the 200-West Area. Trichloro- Studies Program and the national DOE Quality

ethylene was found at le,,els exceeding the DWS Assessment Program indicated that 93_2_:of the
at wells in and near the 100-F, 200-West, and results were within the control limits, a result

300 Areas. Trichloroethylene levels in wells near that ranked very favorably among _articipating
the Solid Waste Landfill (outside the 200-East laboratories.

Area) have dropped to slightly below the DWS,
while tetrachloroethylene levels in those wells
remain just above the DWS. Sampling at mon-
itoring wells near Richland water supply wells
showed that concentrations of regulated ground-
water constituents in this area were below the

DWS and, in general, below detection levels.
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The following infbrmation is provided to assist radiation, oi" combinations of"these. In some
the reader in understanding the repm't. Defini- instances in this report, radiation values are
tions of technical terms can be found in Appen- expressed with two sets of units. One set of
dix A, "Glossary." units is usually included in parenthesis or foot-

notes. These units belong to the International
System oi" Units (SI), and their inclusion in this

Scientific Notation   portis mandated by DOE. SI units a,'e the
"new" internationally accepted units and will

Scientific notation is used in this report to eventually be the standard for reporting radio-
express very large or very small numbers. For activity and radiation dose in the United States.
example, the number 1 billion could be written The basic unit for discussing radioactivity, the
as 1,000,000,000 or using scientific notation as curie, can be converted tc) the equivalent SI unit,
1 x 10:'. Translating ft+ore scientific notation to the becquerel (Bq), by multiplying by 3.7 x 10 _".

a more traditional number requires moving the One becquerel is equivalent to one nuclear
decimal point either left or right ft'ore the num- disintegration per second.
ber. If the value given is 2.0 x 10a, the decimal
point should be moved three numbers (insert
zeros if'no numbers are given)to the _ of iUs Radiation Dose Units
present location. The number would then read
2,000. If the value given is 2.0 x 10_, the decimal The amount of' radiation received by a living
point should be moved five numbers to the left organism is expressed in terms of radiation dose.
of its present location. The result would become Radiation dose in this report is usually written
0.00002. in terms of effective dose equivalent and reported

numerically in units of rem or in the SI unit,
sievert (Sv} ITable H.3). Rem tsievert) is a term

Metric Units that relates ionizing radiation and biological
effbct or risk. A dose of l millirem has a biologi-

The primary units used in this report are metric, cal effect similar to the dose received from about

Table H.1 summarizes and defines the terms and one day's exposure to natural background radia-
corresponding symbols (metric and nonmetric) tion (see "Hanfbrd Environmental Radiation

found throughout this report. Public Dose in Perspective" in Section 4.8 fbr a

more it_-depth discussion of' risk comparisons).

-......,  zaa'oac+;v _;+'" Units To convert the most commonly used dose termin this report, the millirem, to the SI equivalent,
the sievert, multiply millirem by 10" (1 sievert

Much of this report deals with levels of radio- is equal to 1.0 x lfr' millirem).
activity in various environmental media.
Radioactivity in this report is usually discussed Additional intbrmation on radiation and dose

in units of curies (Ci)tTable H.21. The curie is terminology can be found in the glossary of this
the basic unit used to describe the amount of report (Appendix A). A list of the radionuclides
radioactivity present, and concentrations are discussed in this report and their half:lives is
generally expressecl in terms of"fractions of curies included on page xxxvii of this section.
per unit mass or volume. One curie is equivalent
to 37 billion disintegrations per second or is a General information on radiation and radiation
quantity of any radionuclide that decays at the dose (as well as Hanford's Environmental Moni-

rate of' 37 billion disintegrations per second, toring Program, Hanford's Cultural Resource
Disintegrations generally produce spontaneous Program, and Hanlbrd's wildlife) has been com-
emissions of alpha or beta particles, gamma piled in informational pamphlets that can be

xxxiii



Helpful Information

Table H.1. Names and Symbols for Units of Measure

Length Time Area
Symbol Name Symbol Name Symbol Name

cm centimeter (lxl0 2 m) d day ha hectare (10,000 m2)
ft foot h hour km _ square kil_mcter
in. inch min minute mi2 square mile
km kilometer (lxl0 :*m) s second
m meter yr year
mi mile
mm millimeter (lxI0 -:_m)
]am micrometer (lxlO 6 m)

Volume Mass

Symbol Name Symbol Name

cm_ cubic centimeter g gram
gal gallon Gg gigagram (10 ' g)
L liter kg kilogram (10:_g)
mL milliliter (10-:jL) mg milligram (10:_g)
m:_ cubic meter [ag microgram (10_ g)
ppmv parts per million volume ng nanogram (10" g)
qt quart t metric ton (or tonne; 10:_kg)
yd :_ cubic yard

Rate Temperature
Symbol Name Symbol Name

cfs cubic feet per second °C degrees Centigrade
mi/h miles per hour °F degrees Fahrenheit

Table H.2. Units of Radioactivity Table H.3. Units of Radiation Dose

Radioactivity Radiation Dose

Symbol Name _S_,mbo_l Name

Ci curie mrad millirad

mCi millicurie (10-:' (Ci) mrem millirem ( 10:_rem)
pCi microcurie (10 _ Ci) Sv sievert

nCi nanocurie (10 ' Ci) mSv millisievert (10-:_Sv)
pCi picocurie (10 _2 Ci) _Sv microsievert (10 -" Sv)

fCi femtocurie (10 _ Ci_ mR milliroentgen
aCi attocurie( 10_ Ci)

Bq becquerel
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obtained, flee, by writing to Dr. Robert H. Gray, estimated mean ortho data ft'ore this random-
Manager, Hanlbrd Environmental Surveillance ness. If' trends or periodic (for example, seasonal)
and Oversight, P.O. Box 999, Richland, Washington fluctuations are present, then the SEM is prima-

99352. More comprehensive readings on radia- rily a measure of the variability in the trends and
tion and radiation dose can be fbund ill most fluctuations about the mean of the data.

public libraries and in many local book stores.

Understanding Graphical
Understanding the Data Information
Tables

Presenting data on a graph is useful when com-
Measuring any physical quantity (for example, paring numbers collected at several locations or
temperatm'e, distance, time, or radioactivity_ has at one location over time. Graphs make it easier
some degree of inherent uncertainty. This uncer- to visualize differences where they exist. How-
tainty results from the combination of all possible ever, while graphs may make it easier to evaluate
inaccuracies in the measurement process, includ- data, they may als() lead the reader to incorrect

ing such factors as the reading of the result, the conclusions if they are not interpreted correctly.
calibration of the measurement device, and num- Careful consideration should be given to the scale
erical rounding errors. In this report, individual (linear or logarithmic) and concentration units
radioactivity measurements are accompanied by being used.
a plus or minus I___)value (sometimes expressed

as a percentage of the related concentration Some of the data graphed in this report are plot-
valuet, which is the uncertainty term known as ted using logarithmic {or compressed) scales.
a two-sigma counting error. Because measuring Logarithmic scales are useful when plotting two
a radionuclide requires a process of counting ran- or more numbers that differ greatly in size. For
dom radioactive emissions from a sample, the two- example, a sample with a concentration of 5 g/L
sigma counting error gives information on what would get lost at the bottom of the graph if plot-
the measurement might be if' the same sample ted on a linear scale with a sample having a con-
were counted again under identical conditions, centration of 300 g/L (Figure H.1 I. A logarithmic
The two-sigma counting error implies that ap- plot of these same two numbers allows the reader
proximately 95r/_ of the time, a recount of' the to see both data points and compare their relative
same sample would give a value somewhere be- concentrations (Figure H.2).
tween the reported value minus the two-sigma
counting error and the reported value plus the
two-sigma counting error. Values in the tables 400-
that are less than the two-sigma counting error
indicate that the reported result might have come
from a sample with no radioactivity. Such values 300-
are considered as below detection. Also note that =
each radioactive measurement must have the _

random background radioactivity of the measur- j=
ing instrument subtracted; therefbre, negative _<200.-¢9

results are possible, especially when the sample =O
has very little radioactivity.

100 -

Just as individual values are accompanied b_y

two-sigma counting errors, reported means (X)
are accompanied by tw() standard errors of the 0 I ' .... ' "...."_

calculated mean t SEM). In this report, SEM is January February
expressed as a percentage of the mean concentra-
tion value. If the data fluctuate randomly, then S9203058.34

the SEM is a measure of the uncertainty in the Figure H.1. Data Plotted Using a Linear Scale
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Figure H.2. Data Plotted Using a Logarithmic Figure H.3. Data With Error Bars Plotted Using
Scale a Linear Scale

Marly of the mean values graphed in this report bars do not overlap (values 1 and 2), the values
have vertical lines extending above and below the are considered to be statistically different. Values
data point. These lines (called error bars), which that appear to be very different visually (values
are usually capped at both ends with a shm't hori- 2 and 3) may actually be quite similar when
zontal line, indicate the amount of uncertainty compared statistically.
in the reported result. The error bars in this
report represent a 95(/_ chance that the result is

between E_e uppe,' and lower ends ofthe error Greater Than (>) or Less
bar, and a 59_ chance that the actual result is

either lowe," or higher than the error bar.'"' For Than (<) Symbols
example, in Figure H.3, the first plotted value

has a result of 2.0 + 1.1, so there is a 95_)_chance Creater than (>) or less than (<) symbols are used
that the actual result is between 0.9 and 3.1, a to indicate that the actual value may either be
2.5¢;4 chance it is less than 0.9, and a 2.5c7/_, chance larger than the number given or smaller than the
it is greater than 3.1. Error bars are computed number given. For example, >0.09 would indi-
statistically employing ali of the information used care that the actual value is greater than 0.09.
to gent'rate the data point plotted on the graph. An inequality symbol pointed in the opposite
These bars indicate whether one value is statis- direction (<0.091 would indicate that the number

tically similar to or diflbrent from another value, is less than the value presented. Ii"an inequality
If the error bars (or range of values)of two or symbol is used in association with an underscore
more values overlap, as is the case with values ¢<_or _>),:his indicates that the actual value is

1 and 3 and values 2 and 3, the values are con- less-than-or-equal-to or greater-than-or-equal-to
sidered to be similar, statistically. If the error the number given, respectively.

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

Radionuclide Symbol Half:Life Radionuclide Symbol Half-Life

tritium :_H 12.3 yr cesium-137 _:*TCs 30.2 yr
beryllium-7 7Be 53.28 d cerium-144 _4'_Ce 284 d

carbon-14 "_C 5730 yr promethium-147 _'_TPm 2.62 yr

sodium-22 '-'2Na 2.6 yr europium-i52 _'_Eu 12 yr

potassium-40 '"_K 1.26 x 10 :_yr europium-154 "_"_Eu 16 yr

argon-41 4_Ar 1.8 h europium-155 "_'_Eu 1.8 yr
chromium-51 r'_Cr 27.7 d thallium-208 '-'°ST1 3.1min

manganese-54 '_'_Mn 312 d bismuth-212 2_2Bi 60.6 rain

cobalt-57 _7Co 271.8 d lead-212 _Pb 10.6 h

cobalt-60 _°Co 5.3 yr polonium-212 2_"Po 0.3 x 10_ s

nickel-63 6:_Ni 92 yr polonium-216 '-'_Po 0.!5 s
zinc-65 _;sZn 243.8 d radon-220 _'-'_Rn 55.6 s

krypton-85 S'_Kr 10.7 yr radium-226 '_Ra 1600 yr

strontium-89 s'Sr 52 d radium-228 22SRa 5.75 yr

strontium-90 '°Sr 28.8 yr thorium-232 _:_'_Th 1.4 x 10 '° yr
niobium-95 '_JSNb 36 d uranium total U or uranium ---

zirconium-95 '_'_Zr 64.0 d uranium-234 2:_4U 2.4 x 10'_yr

molybdenum-99 _'_"Mo 66.0 h uranium-235 _:_U 7 x 10_yr
technetium-99 "_Tc 2.12 x 10'_yr uranium-236 '-'_;U 2.3 x 107yr

ruthenium-103 _'_Ru 39.4 d uranium-238 ':_U 4.5 x 10"_yr

ruthenium-106 "_Ru 367 d plutonium-238 _"_sPu 87.7 yr
tin-ll3 _:_Sn 115 d neptunium-239 2_'Np 2.4 d

antimony-125 '_r'Sb 2.7 yr plutonium-239 _:_'Pu 2.4 x 10 '_yr

iodine-129 _'_'_I 1.6 x 10Vyr plutonium-240 _4°pu 6537 yr

iodine-131 _:_I 8.0 d plutonium-241 24_pu 14.4 yr

barium-133 _:_:_Ba 10.53 yr americium-241 2'_Am 433 yr
cesium-134 _:_Cs 2.1 yr
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Elemental and Chemical Constituent Nomenclature

Constituent Symbol Constituent Symbol

aluminum A1 iron Fe
ammonia NH:_ lead Pb
ammoniunl NH_ lithium fluoride LiF

antimony Sb magnesium Mg
arsenic As manganese Mn
bm'ium Ba mercury Hg
beryllium Be nickel Ni

bicarbonate HCO:i nitrate NO:(
boron B nitrogen N

cadmium Cd nitrogen dioxide NO,
calcium Ca phosphate PO,_'
calcium fluoride CaF_ phosphorus P
carbon C potassium K
carbonate ' -_CO:, selenium Se

carbon tetrachloride CCla silver Ag
chloride CI sodium Nta
chromium (species) Cr "_ strontium Sr

chromium (total) Cr sulfhte SO_
cobalt Co thallium Tl

copper Cu trichlorylmethane CHCl:_
cyanide CN vanadium V
t]uoride F zinc Zn

Conversion Table

Multiply By To Obtain Multiply By To Obtain

in. 2.54 cm cm 0.394 in.
f_ 0.305 m m 3.28 ff
mi 1..61 km km 0.621 mi

lb 0.454 kg kg 2.205 lb

liq qt 0.946 L L 1.057 liq qt
ft _ 0.093 m_ m _ 10.76 ft _
acres 0.405 ha ha 2.47 acres
mi _ 2.59 km _ km 2 0.386 mi _
ft :_ 0.028 m :_ m :_ 35.7 ff:_

dpm 0.450 pCi pCi 2.22 dpm
nCi 0.001 pC i pCi 1000 nCi

pCi/L 10:' _Ci/mL _aCi/mL 10:' pCi/L
pCi/m :_ 10l_ Ci/m:_ Ci/m :l 10 I_ pCi/m :_
pCi/m:' 10 _'_' mCi/cm :_ mCi/cm :_ 1()_r' pCi/m :s
mCi/km _ 1.0 nCi/m '_ n Ci/m" 1.0 mCi/km _

becquerel 2.7 x l() -_j curie curie 3.7 x 10'" becquerel
gray 100 rad rad 0.01 gray
sievert 100 rem rem 0.01 sievert

ppb 0.001 ppm ppm 1000 ppb
ppm 1.0 mg/L mg/L 1.0 ppm

¢J-' (JF_F IF _ - 32) + 9/5 C "C (C_ x 9/5) + 32

,..
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Acronyms and Abbreviations

as low as reasonably achievable FDA U.S. Food and Drug
Administration

ALE Arid Lands Ecology (Reserve)

FEMP Facility Effluent Monitoring Plan
ANSI American National Standards

Institute FFTF Fast Flux Test Facility

ASME American Society of Mechanical FIFRA Federal Insecticide, Fungicide,
Engineers and Rodenticide Act

ASTM American Society for Testing and FONSI Finding of No Significant Impact
Materials

FR Federal Register
CERCLA Comprehensive Environmental

Response, Compensation, and FY fiscal year
Liability Act

GAO General Accounting Office
CFR Code of Federal Regulations

HCRL Hanfbrd Cultural Resources

DCE dichloroethylene Laboratory

DCG Derived Concentration Guide HDW Hanford Defense Waste

DOE U.S. Department of Energy HEDR Hanford Environmental Dose

Reconstruction (Project)
DOE-HQ U.S. Department of Energy-

Headquarters HMS Hanford Meteorological Station

DOH State of Washington Department ICRP International Commission on

of Health Radiological Protection

DOI U.S. Department of the Interior ISV in situ vitrification

DWS drinking water standards IT International Technology
Corporation

EDE effective dose equivalent
LLBG Low-Level Burial Ground

EIS environmental impact statement

LWDF Liquid Waste Disposal Facility
EPA U.S. Environmental Protection

Agency MASF Maintenance and Storage Facility

ERDA U.S. Energy Research and MCL maximum contaminant level
Development Administration

MDA minimum detectable activity
ERRA Environmental Restoration

Remedial Action (Program) MDC minimum detectable
concentration

ES&H environment, safety, and health
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MEI maximally exposed individual RFF$ remedial investigation/feasibility
study

NCRP National Council on Radiation

Protection and Measurements RL U.S. Department of Energy
Richland Field Office

NEPA National Environmental Policy

Act SARA Superfund Amendments and
Reauthorization Act

NESHAP National Emission Standards fbr
Hazardous Air Pollutants SE standard error

NPDES National Pollutant Discharge SEM standard error of the mean
Elimination System

SEN Secretary oi' Energy Notice
NPR New Production Reactor

SI International System of Units
NPS National Park Service

SOF Statement of Findings
NRC U.S. Nuclear Regulatory

Commission TCE trichloroethylene

NS no standard TLD thermoluminescent dosimeter

NTU nephelometric turbidity unit TOX total organic halogens

NWR National Wildlife Refuge TRU transuranic

PCB polychlorinated biphenyl TSD treatment, storage, and disposal

PEIS Programmatic Environmental UNSCEAR United Nations Science
Impact Statement Committee on the Effects of

Atomic Radiation

PFP Plutonium Finishing Plant

UO:_ Plant Uranium Oxide Plant
PNL Pacific Northwest Laboratory

unc United States Code

PSD prevention of significant

deterioration USGS U.S. Geological Survey

PUREX Plutonium Uranium Extraction UST U.S. Testing Company, Inc.
(Plant_

VOA volatile organic analyses
QA quality assurance

WAC Washington Administrative Code
QC quality control

WIPP Waste Iso]ation Pilot Plant
RCRA Resource Conservation and

Recovery Act WHC Westinghouse Hantbrd Company

RCW Revised Code of WashingS, on WRA Wildlifb Recreation Area

REDOX Reduction Oxidation (Plant
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1.0 Introduction

The purpose of this report is to summarize infor- Those interested in more detail than the sum-
mation and d :_ta that characterize Hanford Site mary information presented in this report are
environmental management performance and referred to the technical reports cited in the text.
demonstrate the status oxcompliance with appli- Report sources include local community libraries
cable federal, state, and local environmental laws and the National Technical Information Center,
and regulations. The report also highlights sig- Springfield, Virginia 22161. Descriptions of
nificant environmental programs and efforts, analytical and sampling methods, formerly part

of this report, are contained in the Hanford Site
The report describes the Site mission and activi- Environmental Monitoring Plan (DOE 1991b).
ties, general environmental features, radiological Readers less familiar with the concepts, terminol-
and chemical releases f_om operations, status of ogy, and units used in this report may find the
compliance with environmental regulations, preceding Helpthl Information section useful.
status of programs to accomplish complia_lce, and
environmental monitoring activities and results.



1.1 Site Mission

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

government in 1943. For more than 20 years, safety, environmental sciences, molecular sci-
Hanford Site facilities were dedicated primarily ences, environmental restoration, waste man-

to the production of plutonium for national de- agement, and national security
fense and management of the resulting wastes.
In later years, programs at the Hanford Site were • Technology Development of new environmen-
diversified to include research and development tal restoration and waste management tech-
tbr advanced reactors, renewable energy nologies, including site characterization and

technologies, waste disposal technologies, and assessment methods; waste minimization,
cleanup of contamination from past practices, treatment, and remediation technology; and

education outreach programs.

The U.S. Department of Energy (DOE) is estab-
lishing a new mission for Hanford including: The DOE has set a goal of cleaning up Hanfbrd's

waste sites and bringing its facilities into compli-

• Waste Management of stored defense wastes ance with local, state, and federal environmental
and the handling, storage, and disposal of ra- laws by 2018.
dioactive, hazardous, mixed, or sanitary
wastes from. current operations

• Environmental Restoration of approximately
1,100 inactive radioactive, hazardous, and

mixed waste sites and about 100 surplus
facilities



1.2 Major Operations and Activities

The primary DOE operations and activities on or remediate those hazards. Studies are also
the Hanford Site in 1991 included waste manage- being conducted to address the risks of chemical
ment, site restoration, environmental corrective explosions in tanks.
actions, research and technology development,
and site management. The majority of these The 100-KE and 100-KW Fuel Storage Basins are
activities were conducted under the Environ- currently being used to store N Reactor spent fuel.
mental Restoration and Waste Management In October 1990, DOE announced that an environ-
Program for the Hanford Site. The overall pro- mental impact statement would be prepared toeval-
gram plan is discussed in Section 3.0, "Environ- uate options for disposition of' the remaining fuel.
mental Program Infbrmation."

The PUREX Plant formerly processed irradiated
reactor fuel to extract plutonium. Operation of

Waste Management the plant was stopped on December 7, 1988, fbr
safety reasons. From December 1989 through

Current waste-management activities at the Site March 1990, the fhcility completed a stabilization
primarily include the management of high- and run to process fuel remaining in the plant. The
low-activity defense wastes in the 200-East and PUREX Plant did not operate in 1990 after the
200-West Areas (Figure 1.1) and the storage of stabilization run. Inventories of solvent and
spent defense fuel in the 100-K Area. Key waste- nuclear materials remain, including liquid uranyl
management facilities include the waste storage nitrate hydrates, fuel from Hanfbrd single-pass
tanks, Central Waste Complex, Low-Level Burial reactors, and organic materials. During FY 1991,
Ground (LLBG), 100-K Fuel Storage Basins, transition of the PUREX Plant to a minimum
Plutonium Uranium Extraction (PUREX) Plant, safe standby condition began. It is anticipated
Plutonium Finishing Plant (PFP), B Plant, and that no decision on further operation of the
242-A Evaporator. PUREX Plant will be made for as long as 3 years.

Waste-management activities involving single- The PFP was used to convert liquid plutonium
shell and double-shell tanks currently include from the PUREX Plant to plutonium oxide or
ensuring safe storage of wastes through surveil- metal. The PFP has not produced a product since
lance and monitoring of the tanks and upgrading 1987. The plant also processes and stabilizes
monitoring instrumentation. Concerns have been scrap plutonium materials. Reactivation of the
raised about the potential of a ferrocyanide explo- Plutonium Reclamation Facility, one of the opera-
sion and hydrogen gas accumulation in the waste tions at the PFP, is scheduled for late in FY 1992.
tanks. One issue is that under certain conditions Operations beyond this materials stabilization
of chemical concentration, moisture, and temper- campaign will depend on the conclusions fl'om an
ature, ferrocyanide and nitrates in the single- appropriate NEPA assessment.
shell tanks could release heat and potentially
become explosive. The other issue is that flam- There are no production activities currently tak-
mable hydrogen gases may be trapped beneath ing place at B Plant but several operating sys-
the crust in five double-shell tanks and 18 single- terns are required to accomplish the B Plant Fa-
shell tanks. The DOE and external oversight cility mission, which is to ensure safe storage and
groups have concluded tha_ there is no imminent management of radiological inventories.
danger to the public from either situation. A
Tank Waste Remediation System Division has The Grout Treatment Facility will treat and dis-
been formed that has the responsibility to iden- pose of low-level mixed waste liquid removed
tify any hazards associated with the waste tanks from the double-shell tanks. The facility com-
and implement the necessary actions to mitigate bines liquid wastes with dry materials such as
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cement, limestone, fly ash, and blast furnace slag and constructed in the 200-East Area to remove
to produce a grout slurry that is pumped into listed chemical constituents from the 242-A
underground concrete vaults, where it solidifies. Evaporator process condensate.
Approximately 6.1 x 10 _ L(160 million gal) of'
mixed waste are planned to be processed between
1992 and 2014. In 1991, facility systems were Site Restoration
being prepared fi)r start up in 1992. Construction

is continuing on fbur new vaults with scheduled Site restoration includes activities to decontami-

operation fbr October 1992. nato and decommission fhcilities and to clean up
or restore inactive waste sites.

The 242-A Evaporator is used to reduce the vol-

ume of liquid wastes from double-shell waste The Han[brd surplus fhcilities program conducts
tanks. The process condensate will then be surveillance and maintenance of surplus fhcili-
stored in liquid effluent retention facilities until ties, and has begun to (',loan up and dispose of
the liquid effluent treatment facility is complete, more than 100 facilities. Current activities in-

The concentrated double-shell tank waste will be elude decommissioning of the 201-C Strontium
returned to the double-shell tanks. The retention Semiworks and the 183-H Solar Evaporation
facilities are scheduled fbr completion in August Basins. The final environmental impact state-
1992. The treatment fhcility is l)eing designed ment (EIS), Decomm, i,ssioninf; o/'Eig41t Surplus

6
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Production Reactor's at the Han[brd Site, Richlalzd, of osteoporosis. While continued operation is in
Washington, and subsequent Record of Decision question, Congress has authorized $84 million for
are expected at any time. operation in FY 1992.

The environmental restoration remedial action The in situ vitrification (ISV) process is a tech-
program was established to clean up aUout nology for remediating contaminated soils. In
1,100 inactive waste sites. The Environmental the process, organic materials are destroyed by
Restoration Program initiated Expedited Re- extreme heat and inorganic materials are immo-
sponse Actions on three individual waste sites, bilized for geologic periods in a highly durable
Over 40 drums containing more than 5,678 L glass and crystalline block.
(1,500 gal) of solvent were removed from the
618-9 Burial Ground, preventing the solvent During July 1991, a large-scale ISV test was con-
from reaching the ground water. Work was ducted involving a 22,700-L (6,000-gal) under-
completed at the 300 Area Process Trench, with ground storage tank. The test was staged so that
approximately 5,300 m:_(7,000 yd:_)of contami- the tank and surrounding soil could be instru-
nated soil being removed and isolated. A pilot- mented ibr data collection during the test. The
scale carbon tetrachloride vapor extraction unit steel and concrete tank was designed to represent
was successfully demonstrated at the 200-West typical tank configurations throughout the DOE
Area site, and procurement of a full-scale system complex. A 0.3-m (1-ft) layer of simulated sludge
was initiated, consisting only of Hanford soil saturated with

water was placed on the bottom of the 3-m-
(10-ft-) deep tank, and the remaining volume was

Corrective Activities backfilled with a low-density soil-like material to
enhance subsidence during the melting process.

Corrective activities consist of actions to comply No hazardous or radioactive materials were in-
with regulatory requirements or compliance volved in the test. Powered operations of the test
agreements with federal, state, or local regula- occurred over a 6-day period and melted from the
tory agencies. Corrective actions in 1991 are surface to a depth 0('4 m (13 ft). During this
addressed in Section 2.0, "Environmental Com- period the electrode feed system, which allows
pliance Summary." operators to adjust the position oi' the electrodes

in the melt, was successfully demonstrated (br

_ _-__echnolo"_ " the first time on the large-scale. The test wasResearch and
terminated earlier than planned when a rapid

Development release of steam from the partially vitrified tank
II

displaced a large volume of molten soil resulting
in some damage to equipment. While precau-Research and technology development activities
tions had been taken to mitigate against suchon the Hanfbrd Site are a relatively minor con-
transient vapor releases from the melt, the mag-tributor to Site releases. Most of these activities
nitude of the event was unforeseen. Data col-

are located in the 200, 300, 400, and 3000 Areas,
and releases occur primarily from the operation lected during the test and the event are being

analyzed so that the cause of the event can be
of research laboratories and pilot facilities. Many better understood.
of these activities are intended to improve the
techniques and reduce the costs of waste man-

agement, environmental protection, and Site Site Managementrestoration.

The Fast Flux Test Facility (FFTFI continued Hanfbrd Site operations and activities are man-
operations in 1991 conducting irradiation experi- aged by RL through fbur prime contractors and
ments. In 1991, the FFTF produced gadolinium- numerous subcontractors. Each contractor is
153 fbr use in medical applications fbr detection responsible for safe, environmentally sound
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maintenance and management of its facilities • Kaiser Engineers Hanford, the engineering
and operations; fbr waste management; and for and construction services contractor, provides
monitoring of operations and effluents to ensure architectural, construction, and engineering
enviromnental compliance, services.

The principal responsibilities of'these contractors ° Hanford Environmental Health Foundation

include the following: is the occupational and environmental health
services contractor.

• Westinghouse Hanford Company, the operat-
ing and engineering contractor, conducts Non-DOE operations and activities on the Han-
environmental restoration, reprocesses fuel ford Site include commercial power production by
and manages wastes, decommissions fhcili- the Washington Public Power Supply System
ties, operates the FFTF reactor, maintains WNP-2 reactor and commercial low-level radioac-

N Reactor and its fuel thbrication facilities, tive waste burial by U.S. Ecology. Siemens
and provides support services such as secur- Nuclear Power Corporation operates a commer-
ity, fire protection, stores, and electrical cial nuclear fhel fabrication facility, and Allied
power distribution. Technology Group Corporation operates a low-

level radioactive waste decontamination, super-
" Battelle Memorial Institute, the research and compaction, and packaging disposal facility ira-

development contractor, operates the Pacific mediately adjacent to the southern boundary of
Northwest Laboratory fbr DOE, conducting the Site.
research and development in environmental
restoration and waste management, environ-
mental science, molecular science, energy,
health and safety, and national security.



1.3 Site Environment

The Hanford Site lies within the semiarid Pasco The Hanford Site lands embrace several DOE

Basin of the Columbia Plateau in southeastern operational areas. The major areas are as
Washington State (see Figure 1.1). The Site follows:
occupies an area of about 1,450 km 2(approxi-
mately 560 mi 2)north of the confluences of the • The entire Hanford Site has been designated
Snake and Yakima rivers with the Columbia a National Environmental Research Park.
River. This land, with restricted public access,
provides a buffer for the smaller areas histori.. • The 100 Areas, bordering on the right bank
cally used for production of nuclear materials, (south shore) of the Columbia River, are the
waste storage, and waste disposal; about 6% of sites of the eight retired plutonium production
the land area has been disturbed and is actively reactors and the N Reactor, which is currently
used. The Columbia River flows eastward in retired status. The 100 Areas occupy about
through the northern part of' the Hanford Site 11 km x(4 miX).
and then turns south, fbrming part of the eastern
boundary. The Yakima River runs along part of • The 200-West and 200-East Areas are located
the southern boundary and joins the Columbia on a plateau about 8 and 11 km (5 and 7 mi),
River below the city of Richland. Adjoining lands respectively, south of the Columbia River.
to the west, north, and east are principally range These areas historically have been dedicated
and agricultural land in Benton and Franklin to fuel reprocessing and waste processing
Counties. The cities of Richland, Kennewick, management and disposal activities. The
and Pasco (Tri-Cities) constitute the nearest 200 Areas cover about 16 km x(6 mi2).
population center and are located southeast
of the Hanford Site. • The 300 Area, located just north of the city of

Richland, is the site of nuclear research and

Demographics and Land development. This area covers 1.5 km 2(0.6 miX).

Use • The 400 Area is about 8 km (5 mi) northwest
of the 300 Area and is the site of the FFTF,
used in the testing of breeder reactor systems.Estimates by the U.S. Bureau of the Census for Also included in this area is the Fuels and

1990 place the population totals for Benton and
Materials Examination Facility.

Franklin Counties at 112,560 and 37,473, respec-
tively. The 1990 estimates for the Tri-Cities • The 1100 and 3000 Areas are located in north

populations are Richland, 32,315; Kennewick, Richland and include site support services
42,159; and Pasco, 20,337. The populations of such as general stores and transportation
Benton City, Prosser, and West Richland totaled maintenance.
10,244 in 1990. The population of Benton and
Franklin Counties is young, with 56_, of the total • The 600 Area includes all of the Hanfbrd Site
population under the age of 35, compared with

not occupied by the 100, 200, 300, 400, 1100,
54q/_of the total state population. An examina- or 3000 Areas.
tion of age groups in 5-year increments reveals

that the largest age group in Benton and Several areas of the Site, totaling 665 km_(257 mV),
Franklin Counties ranges from 5 to 9 years old, have been designated as the Arid Lands Ecology
representing 9.3q of the total bicounty popula- (ALE) Reserve, the U.S. Fish and Wildlife Service

tion; the largest group in the state ranges f?om Saddle Mountain National Wildlife Refuge (NWR),
30 to 34 years, which represents about 9_:4of the and the Washington State Department of Gametotal state population.

Reserve area (Wahluke Slope WRA)(DOE 1986).
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Land use in surrounding environs includes urban 1912 through 1980, the average monthly temper-
and industrial development, irrigated and dry- atures ranged from a low of'-l.5c'C 129.3'_F) in
land farming, and grazing. In 1989, wheat repre- January to a high of24.7_"C !76°F} irl ,July. Dur-
sented the largest single crop in terms of area ing the winter', the highest monthly average tem-
planted in Benton and Franklin Counties, with perature at the Hanford Meteorological Station
87,412 ha (216,000 acres). Corn, alfalfh, pota- (HMSI was 6.9_C t44.4_F), and the record lowest
toes, asparagus, apples, cherries, and grapes was -5.9<'C (21.4_F); both occurred during Febru-
are other major crops in Benton and Franklin ary. During the summer, the record maximum
Counties. More than 20 processors in Benton monthly average temperature was 27.9_'C (82.2_'F)
and Franklin Counties produce fbod products (in July), and the record lowest was 17.2°C (63q,'_

including potato products, canned fruits and (in June). The annual average relative humidity
vegetables, wine, and animal feed. at the HMS is 545_. It is highest during the win-

ter months, averaging about 75_,, and lowest dur-

Much of the above information is from Cushing ing the summer, averaging about 35(_. Average
(1991), where more detailed information can be annual precipitation at the HMS is 16 cm (6.3 in.).
found. Most of the precipitation occurs during the winter,

with nearly half of the annual amount occurring

Climate and Meteorology in the months of November through February.

Atmospheric dispersion is a fhnction of wind
The Cascade Mountains beyond Yakima to the speed, duration and direction, atmospheric
west greatly influence the climate of the Hanford stability, and mixing depth. Dispersion condi-
Site. This range creates a rain shadow effect and tions are generally good ii' winds are moderate to
also serves as a source of cold air drainage, which strong, the atmosphere is of neutral or unstable
has a considerable effect on the wind regime, stratification, and there is a deep mixing layer.

Good dispersion conditions associated with neu-
The prevailing wind direction on the 200 Area tral and unstable stratification exist about 57_/_

plateau is from the northwest in ali months of the of the time during the summer'. Less favorable
year. The secondary wind direction is from the dispersion conditions may occur when the., wind
southwest. Summaries of wind direction indicate speed is light and the mixing layer is shallow.
that winds from the northwest quach-ant occur These conditions are most common during the
most often during the winter and summer. During winter, when moderately to extremely stable
the spring and fall, the f>equency of southwesterly stratification exists about 66c;_ of the time. Occa-

winds increases with a corresponding decrease in sionally there are extended periods, primarily
northwest flow. Monthly average wind speeds during winter months, of poor dispersion con-
are lowest during the winter months, averaging ditions that are associated with stagnant air in

10 to 11 km/h (6 to 7 mi/h), and highest during stationary high-pressure systems.
the summer, averaging 14 to 16 km/h (9 to
10 mi/h I. Wind speeds that are well above
average are usually associated with south-  eoiogy
westerly winds. However, the summertime

drainage winds are generally northwesterly The Hanford Site lies within the Pasco Basin,
and frequently reach 50 km/h (30 mi/h J. These one of many topographic and structural basins
winds are most prevalent over the northern within the Columbia Plateau. Principal geologic
portion of the Site. units beneath the Hanford Site include, in ascend-

ing order, the Columbia River Basalt Group, the
Diurnal and monthly averages and extremes oi' Ringold Formation, and _ series oi' deposits infor-
temperature, dew point, and humidity are given really refhrred to as the Hanfbrd fbrmation. These

by Stone et al. {19831. The record maximum tem- units are covered locally by a t'ew meters or less
perature is 46°C (115°F_, and the record minimum of recent alluvial or windblown deposits. Older
temperature is -32.8_C (-27'_F). For the period geologic units have been deformed into a series

l0
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of roughly east-west trending fi)lds. The strati- Hajek (19661 lists and describes 15 different soil
graphic and structural relationships between types on the Site, varying ft'ore sand to silty and
these units are displayed in Figure 1.2. sandy loam.

The Columbia River Basalt Group is composed Ground-Water T_T_..,1 | ._..,,
of numerous basaltic lava flows. River and lake nyuroaoBy
sediments of the Ringold Formation contain a
wide range of sediment types, with beds ranging Both confined and unconfined aquifers are present
ft'ore weakly cemented coarse sandy gravel to beneath the Hanford Site. The contined aquifers,
compacted silt and clay. Within the Pasco Basin, where ground water is under pressure greater
the Hanford fbrmation consists of mostly coarse than that of the atmosphere, are found primarily
gravel and sand that overlie the eroded surface of within the Columbia River basalts. Ira general,
the Ringold Formation, but in places the Hanibrd the unconfined or water-table aquifer is located
formation directly overlies basalt. Near the 200- in the Ringold Formation and glaciofluvial sedi-
West Area, the Ringold and Hanford formations ments, as well as some more recent alluvial sedi-
are separated by a well-developed buried soil merits in areas adjacent to the Columbia River

(Plio-Pleistocene unit) and fine-grained wind (Gephart et al. 1979). This relatively shallow
deposits (early "Palouse" soil) (Last et al. 1989). aquifer has been aflhcted by waste-water disposal
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Figure 1.2. Geologic Cross Section of the Site (modified from Tallman et al. 1979)
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at Hanlbrd (Graham et al. 1981). Therefi)re, the irrigation and irrigation canal leakage. As indi-
unconfined aquifer is the most thoroughly moni- cated in Figure 1.3, the water-table elevation in
tored aquifbr beneath the Site. this area is from 100 to 150 m (328 to 492 ft)

higher than the water-table elevation (m the
The unconfined aquifhr is bounded below by Hantbrd Site.
either the basalt surface or, in places, the rela-

tively impervious clays and silts of the Ring(tid The opera_ ic,nal discharge ()t'water has created
Formation. The water table defines the upper ground-water mounds near each (ff the major
boundary of the unconfined aquifer. Laterally, waste-water disposal lhc)lit)es in the 200 Areas.
the unconfined aquifer is bounded by the basalt These mounds have altered the aquifer's local

ridges that surround the basin and by the Yak)ma flow pattern, which is generally fl'om the recharge
and Columbia rivers. The basalt ridges have a areas in the west to the discharge areas (pr)mar-
low permeability and act as a barrier to lateral fly the Columbia River) in the east. Water levels
tlow of ground water (Gephart ct al. 1979) where in the unconfined aquifbr have changed continu-
they rise above the water table. The saturated ally during Sit(.' operations because of variations

thickness of the unconfined aquitbr is greater in the volume of waste water discharged. Conse-
than 61 m (200 ft) in some areas ofthe }tantbrd quently, the movement of ground water and its

Site and pinches out along the flanks of the basalt associated constituents has also changed with
ridges. Depth from the ground surthce to the time.
water table ranges fl'om less than 0.3 m (1 ftl at

the Columbia River to more than 106 m (348 ft) Ground-water mounding also occurs in the 100
in the center of the Site. Elevation of the water and 300 Areas. Ground-water mounding in these
table in meters above mean sea level ti,r the areas is not as significant as in the 200 Areas be-
Hantbrd Site and adjacent portions of Franklin cause of differences in discharge w)lumes and sub-
County is shown in Figure 1.3. sur(bee geology. In the 100 and 300 Areas, water

levels are also greatly influenced by river stage.
Recharge to the unconfined aquifer originates
ii'ore several sources (Graham et al. 1981 ). As significant quantities of liquid effluents are
Natural recharge occurs from precipitation at discharged to the ground at Hanford facilities,

higher elevations and runoff from intermittent these effluents percolate downward through the
streams, such as Cold Creek and Dry Creek on unsaturated zone to the water table. As effluents

the western margin of the Site. The unconfined move through the unsaturated zone, adsorption
aquifer is recharged by the Yak)ma River as onto soil particles, chemical precipitation, and
it flows along the southwest boundary of the ion exchange attenuate or delay the movement
Hanford Site. The Columbia River recharges of some radionuclides, such as _"'Sr, HTCs, and

the unconfined aquifer during high stages when "):'_".2""Pu.These constituents move through the
river water is transferred to the aquifer along soil column at varying rates and eventually enter
the river bank. The unconfined aquifer receives the ground water. Other ions, such as nitrate,
little, if any, recharge from precipitation directly and radionuclides, such as :'H, :':"Pc, and '_'1, are
on vegetated areas of the Hanford Site because not as readily retained by the soil and move
of a high rate ofevapotranspiration from native downgradient in the same direction as, and at

soil and vegetation, a rate nearly equal to, the flow of ground water.
When the liquid effluents reach the ground water,

Large-scale artificial recharge occurs from offsite their concentrations are reduced by dilution. As
agricultural irrigation and liquid-waste disposal these constituents move with the ground water,
in the operating areas. Recharge from irrigation radionuclide and chemical concentrations are

in the (?old Creek Valley enters the Hanibrd Site thrther reduced by spreading (dispersion), and
as ground-water flow across the western bound- radionuclide concentrations are reduced by
ary. Recharge to ground water across the C,olum- radioactive decay.
bia River from the Hantbrd Site is primarily from
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Figure 1.3. Water-Table Elevations for the Unconfined Aquifer at Hanford, June 1991

Surface-Water Hydrology _d McNary is the nearest dam downstream. TheHanford Reach of the Columbia River extends from

Priest Rapids Dam to the head of Lake Wallula
The Columbia River is the dominant surface- (created by McNary Dam), near Richland. This
water body on the Site. The Columbia, which Reach is the last stretch of the Columbia River
originates in the mountains of eastern British in the United States above Bonneville Dam that
Columbia, Canada, drains a total area oi' approx- remains unimpounded. The width of the river
imately 70,800 km_ (27,300 mi",)en route to the varies from approximately 300 m (984 ft) toPacific Ocean. Flow of the Columbia River is

1,000 m (3,281 ft) within the Hanford Site.
regulated by 11 dams within the United States,

7 upstream and 4 downstream of the Site. Priest Flows in the Hanford Reach fluctuate significantly
Rapids is the nearest dam upstream of the Site, because oi"the relatively small storage capacities
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and tile operational practices at upstream dams. of the Site consists of eight major plant commun-
Flow rate of the Columbia River through the ities: 1) sagebrush/bluebunch wheatgrass, 2i sage-
Site is regulated primarily by Priest Rapids Dam. brush/cheatgrass or sagebrush/Sandberg's blue-
Typical daily flows range ft'ore 1,000 m:_/s135,310 ct_t grass, 31 sagebrush-bitterbrush/cheatgrass,
to 7,000 m:_/s 1247,170 cf_, with peak spring run- 4_ greasewood/cheatgrass-saltgrass, 5) winterfht/
offflows of up to 12,600 m:_/s t444,906 cfs_. The Sandberg's bluegrass, 6) thyme buckwheat/
minimum regulated flow is 1,020 m:'/s t36,016 ct:s_. Sandberg's bluegrass, 7) ch_atgrass-tumble rous-

Typical annual average flows at Priest Rapids tard, and 8_ willow. More than 240 species of"
Darn are 2,800 m'/s t99,000 cf_) to 3,,_00 m:'/s plants have been identified on the Hanford Site
1120,000 ci_l. Monthly mean flows typically IERDA 1975), and cheatgrass is the dominant

peak from April through June and are lowest plant on fields that were cultivated 40 years ago.
from September through October.

More than 300 species oi' terrestrial and aquatic
The temperature of the Columbia River varies insects, 12 species of reptiles and amphibians,
seasonally. Minimum temperatures are observed 44 species of fish, 187 species of' birds, and about
during January and February, and maximum 39 species of mammals have been found on the
temperatures typically occur during August and Hanford Site (Cushing 19911. Deer and elk are
September. Mean monthly temperatures for the the major large mammals on the Site; coyotes are
river range from approximately 3_'C (37_Ft to plentiful, and the Great Basin pocket mouse is
about 20°C (68°F) during a year. Solar radia- the most abundant mammal. Waterfbwl are

tion, water storage management practices at numerous on the Columbia River, and the bald
upstream dams, and water flow rate dictate, eagle is a regular winter visitor along the river.

to a large extent, the thermal characteristics Salmon and steelhead are the fish species of most
oi' the Columbia River along the Hanford Reach. interest.

The Columbia River has been developed exten- There are two types of natural aquatic habitats
sively for hydroelectric power, flood control, navi- on the Hanford Site; one is the Columbia River,

gation, irrigation, and municipal and il_dustrial and the other is provided by the small spring-
water supplies. In addition, the Hanford Reach streams and seeps located mainly on the ALE
is used for a variety of recreational activities, Reserve in the Rattlesnake Hills. These include

including fishing, hunting, boating, water skiing, Rattlesnake Springs, Dry Creek, Snively Springs,
and swimming. The State of Washington has and West Lake, a small, natural pond near the
classified the stretch of'the Columbia River from 200 Areas. Several artificial water bodies, both
the Washington-Oregon border to Grand Coulee ponds and ditches, have been formed as a result
Dam (which includes the Hanford Reach) as oi' waste-water disposal practices associated with

Class A (Excellent) and has established water the operation of the reactors and separation fhcil-
quality criteria and water use guidelines for ities; these water bodies form established aquatic
this class designation, ecosystems complete with representative flora

and fauna (Emery and McShane 1980).

Ecology N,, plants or mammals on the federal list of
Endangered and Threatened Wildlife and Plants

The Hanford Site is a relatively large, undisturbed (DOI 1986; 50 CFR 17.11, 17.12) are known to
area of shrub-steppe that contains numerous reside fulltime on the Hanford Site. However,

plant and animal species adapted to the region's three plant species, three mammals, eight birds,
semiarid environment. The vegetation mosaic and two molluscs occurring on the Hanford Site
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are currently candidates ft),"formal listing by the Archaeology and Culturalfederal government and/or Washington State.

The tbderal govert_ment lists the peregri,le lhlcon Resources
(Fulco peregrinusl as endangered and the bald

eagle (Haliaeetus leucocephalus)and Aleutian The Hanlbrd Site is rich in cultural resources.

Canada goose (Branta canadensis ieucopareia) as lt contains numerous, well-preserved archaeo-
threatened. The peregrine [hlcon and Aieuti:_) logical sites representing the prehistoric and
Canada goose are migrants through the Hani_, d historic periods and is still thought of as a home-
Site, and the bald eagle is a common winter land by many Native Americans (Chatters 1989).
resident.
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2.0 Environmental Compliance Summary

This section briefly describes how environmental with the principal regulations, 3J the issues and
compliance is being achieved t0r the Hanford actions arising from these compliance efforts, and
Site. Included are subsections describing 1/the 4) the environmentally significant unusual
regulations and over:_ight of compliance at the occurrences.
Site, 2) the current status of the Site's compliance
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2.1 Environmental Compliance and Cleanup

Many entities have a role in the U.S. Department authority to implement the state program for
of Energy's (DOE's) new mission of environmen- radionuclide air emissions to the atmosphere at
tal restoration and waste management. These the Hanfbrd Site in accordance with the federal
include federal, state, and local regulatory agen- facilities section of the Clean Air Act. Where
cies; environmental groups; regional communi- regulatory authority is not delegated or author-
ties; Indian nations; and individual citizens. The ized to the state, EPA Region 10 is responsible for
following section describes the roles of the princi- reviewing and enforcing compliance with EPA

pal agencies, organizations, and public in the regulations as they pertain to the Hanford Site.
environmental compliance and cleanup of the

Hanford Site. The Tri-Party Agreement

The Regulating Agencies The Hanford Federal Facility Consent and Agree-
ment Order (also known as the Tri-Party Agree-
ment) is an agreement among the EPA, Ecology,

Several federal, state, and local government
and DOE fbr achieving compliance with the Com-agencies are responsible for enforcing and over-

seeing environmental regulations at the Hanford prehensive Environmental Response, Compensa-
Site. These agencies include the U.S. Environ- tion, and Liability Act (CERCLA) [including the
mental Protection Agency (EPA), the Washington Superfund Amendment and Reauthorization Act
State Department of Ecology (Ecology), the (SARA)] remedial action provisions and with
Washington State Department of Health (DOH), Resource Conservation and Recovery Act (RCRA)
and the Tri-County (Benton-Franklin-Walla treatment, storage, and disposal unit regulation
Walla Counties) Air Pollution Control Authority. and corrective action provisions. The Tri-Party
These agencies issue permits, review compliance Agreement 1) defines and ranks RCRA and

CERCLA cleanup commitments, 2) establishesreports, participate in join_ monitoring programs,
responsibilities, 3) provides a basis for budgeting,inspect facilities and operations, and oversee

compliance with applicable regulations. The and 4) reflects a concerted goal of achieving full
DOE, through its directives to field offices and regulatory compliance and remediation, with

enforceable milestones, in an aggressive butcompliance audits, initiates and assesses actions
achievable manner. The Tri-Party Agreementfor conforming to environmental requirements.
was also established with input from the public.

The EPA is the principal federal environmental Copies of' the agreemeht and quarterly progress
regulator in Washington State. The EPA devel- reports of activities are publicly available at the
ops, promulgates, and enforces environmental DOE, Richland Field Office (RL) Public Reading

Room in Richland, Washington, and at informa-protection regulations and technology-based stan-
tion repositories in Seattle and Spokane, Wash-dards as directed by statutes passed by Congress.

In some instances, the EPA has delegated envi- ington, and Portland, Oregon. Tc) get on the
mailing list to obtain Tri-Party Agreement up-ronmental regulatory authority to the state or

authorized the state program to operate in lieu of' dates, a request may be made to EPA or RL di-
rectly, by calling Ecology on 1-800-321-2008, orthe federal program when the state's program

meets or exceeds the EPA's requirements. For by mail to either:
instance, the EPA has delegated or authorized
enforcement authority to Ecology for air pollution Hanfbrd Mailing List

P.O. Box 1970 B3-35
control and many areas of hazardous-waste man-
agement. In other activities, the state program is Richland, WA 99352
enforced directly upon federal agencies as pro-
vided by federal law. For example, the DOH has or
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Environmental Compliance and Cleanup

HanfordUpdate The Role of Oregon State atDept. of Ecology
P.O. Box 47600 the Hanford Site

O!ymI)ia, WA 98504-7600

Although the State of Oregon does not have a
The Tri-Party Agreement consists of a legal direct regulatory role at the Hanford Site, DOE
agreement and an action plan. The legal agree- recognizes that Oregon has an interest in Han-
ment establishes jurisdictions, authorities, and IbM Site cleanup because of the state's location
other legal determinations among the parties, downstream on the Columbia River and because

The five specific areas of inw)lvement defined by of the potential for shipping radioactive wastes
the legal agreement are the following: fl'om the Hanford Site through Oregon. Oregon

participates in the State and Tribal Government

1. Identitk RCRA treatment, storage, and dis- Working Group for the Hanford Site, which re-
posal units that require permits, and estab- views the Site's cleanup plans.
lish schedules to comply with interim and

final status requirements. Where applicable, The Oregon Department of Energ_y has the lead
RCRA Part B permit applications will be in the state's inwHvement at the tlanford Site. lt

completed, closures accomplished, and post- is perfbrming a 4-year research program on a
closure care implemented, contract scheduled to expire in 1993 to determine

the eft_cts of Hanford Site radioactive waste ac-
2. Identify interim action alternatives appropri- tivities on the environment and on the health of

ate to implement the final RCRA corrective Oregon residents. The Oregon Department of
and CERCLA remedial actions. Energy provides inibrmation to the public,

Oregon's Congressional delegation, and state and
3. Establish requirements for performing inves- local oGScials on proposed cleanup, transport, and

tigations to determine the nature and extent disposal activities and costs. It also supports the
of threats to public health or the environment Oregon Hanford Waste Board, which recom-
caused by actual or possible releases, and mends policy to the governor and legislature.
perform studies to identify, evaluate, and The board was reauthorized by the 1991 legisla-
select alternatives for controlling possible ture and is composed of agency heads, members
releases, of the legislature, and citizens.

4. IdentiI) the nature, objective, and schedule of The Role of Indian Nations
response actions for cleanup of hazardous

material spills, at the Hanford Site

5. Implement the selected interim and final The Hanford Site is located on land ceded in trea-

RCRA corrective and CERCLA remedial ties in the year 1855 with the Yakima Indian
actions. Nation and the Confederated Tribes of the

Umatilla Indian Reservation (the Umatilla, Cay-
The action plan implements the legal agreement use, and Walla Walla Tribes). The Nez Peree
by 1_ defining how the parties will work together, Tribe ceded lands east of the Site. The tribes
2_ describing the processes and procedures to be

retain rights and privileges in the ceded areas,
tbllowed, 3J defining the units to be addressed, including the right to take fish at usual and ac-
and 4_ scheduling the work. The action plan, eustomed places.
through enibrceable milestones, establishes a

plan and schedule tbr bringdng the Hanford Site In addition to the treaties of 1855, the tbllowing
into compliance with applicable requirements of laws apply to Native American rights and culture
RCRA and all remedial action requirements of' at the Hanford Site: the American Indian Reli-

CERCLA. gious Freedom Aet, the Archaeological Resources
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Environnlental Compliance and Cleanup

Protection Act, the National Historic Preserva- Agreement activities. Meeting dates are
tion Act, and the American Antiquities Preserva- announced approximately 3 weeks in advance

tion Act. The RL implementation program is through the quarterly Hanford Update news-
described in Section 3.3, "Environmental Studies letter, news releases, and newspapers. The DOE

and Programs." has also encouraged public participation in the
Hanford Five-Year Plan. Before each meeting,

RL provides a grant to the Yakima Indian Nation tile press is informed of the issues to be dis-
and the Confederated Tribes of the Umatilla In- cussed, and notices are sent to elected officials,
dian Reservation to ensure their involvement in community leaders, and special interest groups.
the Environmental Restoration and Waste Man-

agement Five-Year Plan activities for cleanup of The public can obtain up-to-date in/brmation on
the Hanfbrd Site (DOE 1990b). A similar grant is the Hanford Site cleanup ef_brt at the following
being considered fbr the Nez Perce Tribe. Mem- Ibm" repositories:
bers of the Confederated Tribes have a grant to
address their concerns about transporting wastes 1. the RL Public Reading Room, Richland,
to the Waste Isolation Pilot Plant in New Mexico. Washington

2. University of Washington Library, Seattle,
Public Participation Washington

Individual citizens oi' Washington State and 3. Crosby Library, Gonzaga University,
neighboring states may participate in determin- Spokane, Washington
ing how Hanibrd Site cleanup is conducted. A
plan for community relations and public involve- 4. Portland State University Library, Portland,
ment is included in the Tri-Party Agreement. Oregon.
The community relations plan was developed and
negotiated among DOE, Ecology, and EPA Re- The repositories receive copies oi' Tri-Party
gion 10 with public comment and was jointly Agreement action plan quarterly progress re-
approved in 1990. ports, CERCLA/SARA and RCRA environmental

restoration activities reports, closure and post-

Quarterly information meetiDgs are held in the closure plans, RCRA permit applications, meet-
Tri-Cities (Kennewick, Pasco, and Richland), ing summaries, and other publications related to

Washington, and one other city alternated within the Site's cleanup.
the Northwest to update the public on Tri-Party
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2.2 Compliance Status

This section summarizes the activities conducted were achieved, and tlw Hanford Site was in com-
to ensure the Hanford Site is in compliance with pliance with these CERCLA/SARA requirements.
federal environmental protection statutes and This takes into consideration several milestones
related Washington State and local environmen- delayed through the change request process.
tal protection regulations, and the status of
Hanford's compliance with these requirements. In October 1990, Secretary of Energy Watkins
Environmental permits required under the envi- proposed three accelerated cleanup actions.

ronmental protection regulations are discussed These actions would be completed as Expedited
under the applicable statute. Appendix B lists Response Actions (a way to hasten cleanup at
environmental permits currently issued for the sites to prevent further spread of contamination).
Hanford Site. The three actions would 1) remove drums thought

to contain hexone and uranium from a burial

Comprehensive Environmental ground in the 300 Area, 2) remove carbon tetra-
chloride from the vadose zone of two ground dis-

Response, Compensation, posal sites in the 200-West Area, and 3) remove

and Liability Act contaminated sediments from the bottom of 300Area Process Trench. All of these Expedited Re-
sponse Actions were initiated in 1990. The status

The CERCLA requires that specific procp_ures be is as follows'
implemented to assess inactive waste sites for

the release of hazardous substances. The evalua- * The response action of removing the buried
tion procedure is divided into three tiers of activ- drums containing hexone and uranium has
ity: 1) preliminary assessments, 2) remedial in- been completed. The final report for the
vestigation/feasibility studies (RI/FS), and response action was issued (October 1991)
3/remedial actions. The EPA has established and was also issued for public comment and
procedures that the Hanfbrd Site must comply review (DOE 1992f).
with to conduct the three-tiered process.

• Work to remove carbon tetrachloride from the

Preliminary assessments conducted for the vadose zone of two ground disposal sites in the
Hanford Site revealed that there are approxi- 200-West Area is in progress. The treatability

mately 1,100 known individual waste sites where test for the vapor extraction system is com-
hazardolls substances may have been disposed, plete, and the system has been upgraded as
These 1,100 sites have been grouped into 78 oper- necessary. The engineering eva]uation/cost

able units, which have been further grouped into analysis document has been finalized. The
4 aggregate areas using identifiable geographic Action Memorandum, which documents ac-

boundaries. The four aggregate areas have been tions approved for the project, was issued.
placed on the EPA's National Priorities List,

which requires a schedule and actions fbr their * Excavating and consolidating the contami-
remediation, hated soil from the bottom of the 300 Area

Process Trench has been completed. Data
The DOE is actively pursuing the RI/FS process that were col]ected during the activity are
at some operable units on the Hanford Site. The being validated. Work on the final report is
selection of' the operable units is a result of Tri- ongoing.
Party Agreement negotiations. The Tri-Party

Agreement provides the framework for meeting Under Section 103(a), the Emergency Release
CERCLA cleanup requirements. All milestones Notification provision of CERCLA, releases ex-
related to the RI/FS process established for 1991 ceeding reportable quantity limits tbr regulated
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Compliance Status

chemicals were reported. Further details of the stringent as the RCRA requirements, these
1991 releases are contained in Section 4.1, "Ef_u- regulations are often more stringent.
ent Monitoring," oi' this report.

Approximately 63 treatment, storage, and/or
Ground-water monitoring of the ll00-EM-1 oper- disposal (TSD) units that must be permitted or
able unit has been performed and intbrmation on closed in accordance with RCRA and WAC 173-
the subject can be tbund in the documents listed 303 have been identified on the Hanford Site.
in Appendix D. Some of the TSD units contain numerous indi-

vidual components (fbr example, the single-shell

Emergency Planning and tanku.it i.clud s   pa,'at ta.k ).
isting TSD units are required to be operated un-

Community Right-To-Know der Ecologs"s interim status compliance require-

Act ments. Approximately one-half of the TSD units
will be closed.

The Emergency Planning and Community Right- The Tri-Party Agreement provides the frame-
To-Know Act provides the public with inibrma- work for meeting RCRA requirements. Forty-
tion about hazardous chemicals in the community seven of the forty-eight milestones scheduled ibr
and establishes emergency planning and notifica- 1991 were completed, although some were de-
tion procedures to protect the public from a re- layed as approved through the change request
lease. Subtitle A of the law calls for creation of process. At the end of 1991, 136 Tri-Party Agree-
state emergency response commissions to guide ment milestones had been completed on or ahead
planning for chemical emergencies. State com- of schedule over the previous 3 year_,_. For more
missions have also created local emergency plan- information on these milestones, see Section 2.3.
ning committees to ensure community participa-

tion and planning. Enforcement Action

The 1990 Han/brd Tier Two Emergency and Haz-
ardous Chemical Inventory (DOE 1990al was No enforcement actions resulted from inspections
issued March 1, 1991, to the State Emergency conducted by Ecology at the treatment, storage,
Response Commission, local county emergency and disposal facilities on the Hanford Site fbr'
management committees, and local fire depart- 1991. All corrective actions from earlier enfbrce-
ment. The report contained infbrmation on haz- ment actions were completed.
ardous materials in storage across the Hanford

Site. Accordingly, during 1991, the Hanfbrd Site Resource Conservation and Recov-
was in compliance with the reporting and notifi- ery Act Part A Interim Status
cation requirements contained in this Act.

In December 1990, Ecology issued a Notice of'

Resource Conservation and Noncompliance to RL regarding the return of 68

Recovery Act drums of packaged waste to the generating site,
the 183-H Solar Evaporation Basins.

The RCRA establishes regulatory standards for The drums were returned to the Central Waste

the generation, transportation, storage, treat- Complex in January 1991. The inspection,
ment, and disposal oi' hazardous waste. Ecology repackaging, and shipping of the 68 drums was
has been authorized by the EPA to implement its
dangerous waste program in lieu of' the EPA for completed without any safety-related incidents.

Washington State, except for some provisions of
the Hazardous Solid Waste Amendments of 1984. Hanford Part B Permit
While Ecology's Dangerous Waste Regulations,

contained in the Washington Administrative Meetings were held in February and March 1991
Code (WACI 173-303, must be at least as among RL, Ecology, and EPA Region l0 to
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discuss tile content and schedule for issuance of Although full-scale sampling was resumed,
the Hanford Site Part B Permit. Issue resolution timely receipt of analytical results was a prob-
meetings continued through July 1991. Of 38 lem. Improvements are anticipated from the
issues raised, 27 were resolved at least in prin- laboratories under the final contract.

ciple, and 11 remained unresolved. A Part B
permit application for the Hanford Site was sub- Fifty ground-water monitoring wells were con-
mitted to the regulators for review in October strutted at seven RCRA TSl) Facilities in 1991.

1991, identif}cing the RL position on all remain- This met the Tri-Party Agreement Milestone
ing unresolved issues. As of' the end of December M-24-00.
1991, no comments had been received from

Ecology in response to this submittal. For additional infi)rmation on the ground-water
monitoring activities that occurred in 1991, see

Resource Conservation and Recov- Appendix D fbr a list of' published reports.

ery Act Ground-Water Monitoring Resource Conservation and Recov-

ery Act Underground Storage TanksQuarterly RCRA ground-water sampling was
discontinued at the Hanford Site in May 1990
when the Site analytical services contract with Subtitle I of RCRA deals with regulation of un-
United States Testing, Inc., was terminated. A derground storage tank systems. These regula-

tions were added to RCRA by the Hazardous andspecial one-time sampling was conducted at se-
lected wells during February and March 1991. Solid Waste Amendments o(' 1984. The EPA has
This limited effort obtained ground-water data promulgated regulations imposing technical stan-

dards tbr tank perfbrmance and management,during the period of extended negotiation to re-
place the analytical services contract. In an April including standards governing the cleanup and

closure oi' leaking tanks. These regulations do1991 letter to RL, Ecology requested that f'ull-
scale RCRA monitoring activities be reinitiated not apply to the single- and double-shell nuclear

waste tanks, which are regulated as TSD facili-within 45 days. Ecology noted that failure to
ties. The EPA has authorized Ecology to imple-comply would trigger "other administrative alter-

natives" to ensure compliance with state and ment the underground storage tank rules.
federal hazardous waste regulations.

During 1991, four abandoned tanks located in the

Full-scale RCRA ground-water monitoring activi- 3000 Area were removed and disposed of. Addi-
ties resumed in June 1991. All data received tionally, one gasoline tank was removed from the

ft'ore the analytical laboratory through November 100-N Area when a gas station was closed. A
18 were compiled into the RCRA ground-water total of 14 tank/piping systems was tested. Five

quarterly report fbr the period July through Sep- systems failed and were taken out of service.
tember 1991.

Clean Air Aet
In June 1991, an interim contract was estab-

lished with International Technologies Corpora- The EPA has established the Prevention of Sig-
tion fbr analyzing ground-water samples. In Oc- nificant Deterioration (PSD) program (40 CFR 52)
tober 1991, a final contract was established with to protect air quality while allowing a margin tbr

DataChem Laboratories of Salt Lake City to per- future growth. The EPA has delegated authority
form hazardous analyses. Ali data reported in to Ecology Ibr regulation of new emission sources
the July through September RCRA ground-water under the PSD program.
quarterly report were from analyses under the

interim contract with International Technologies The DOE was issued a PSD permit by the EPA in
Corporation. 1980 for the Hantbrd Site. The permit sets
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specific limits for nitrogen oxides emissions t'rom requirements until December 15, 1991. During
the Plutonium Uranium Extraction (PUREXt and this extension period, ongoing evaluations were

Uranium Oxide (UO:,) Plants. Significant conducted to determine the need fbr any addi-
increases in emissions from the Hanford Site of' tional continuous sampling equipment and other
any criteria pollutant regulated by the Clean Air actions to meet EPA criteria. Negotiations are
Act require agency review of potential impacts to under way with the EPA toward the development
regional air quality. Additional limits may be of a federal fhcilities compliance agreement re-
necessary in accordance with the PSD permit, garding continued evaluations and scheduling of

any required equipment upgrades.
The DOH, Division of Radiation Protection, has

promulgated regulatory controls for radioactive Hantbrd Site contractors have prepared Facility
air emissions under Section 118 of the Clean Air Effluent Monitoring Plans (FEMPs) specific to
Act. These controls are applicable to federal lh- various fhcilities across the Site. The FEMPs

cilities such as the Hanford Site. WAC 246-247 include sections that outline compliance with
requires registration ot' all radioactive air emis- 40 (',FR 61 (atmospheric emissions l. The prepa-
sion point sources with the DOH. ration of FEMPs was completed in late 1991. A

summary of each FEMP has been incorporated
The EPA has retained authority fbr regulating into a sitewide environmental monitoring plan
certain hazardous pollutants under the National covering effluent monitoring and environmental
Emission Standards for Hazardous Air Pollut- surveillance (DOE 1991bl.

ants !NESHAP/, in accordance with 40 CFR 61.

These standards are designed to protect the pub- The local air authority, Tri-County Air Pollution
lie from hazardous air pollutants (tbr example, Control Authority, enlbrces General Regula-
arsenic, asbestos, beryllium, mercury, radionu- tion 8{)-7, which pertains to detrimental effects,
elides, and vinyl cMoridel. [hgitive dust, incineration products, odor, opacity,

asbestos, and sulfur oxide emissions. Tlmy have
Pursumlt to the NESHAP program within the been delegated authority to enforce EPA asbes-
Clean Air Act, the EPA has promulgated tos regulations under NESHAP. The Site is in
regulations specifically addressing asbestos compliance with the regulations.
emissions. These regulations al)ply at the
Hanford Site in building demolition and/or During 1991, HanIbrd Site air emissions re-
disposal and waste disposal operations. Approxi- mained below ali regulatory limits set tbr radio-
mately 1,400 facilities on the Hanfbrd Site have active and other pollutants. Routine rel)orting of

asbestos-containing material. I)uring 1991, air emissions was provided to each air quality
1,160 m:_( 1.,520 yd:'_ of asbestos were removed agency, in compliance with requirements.
and disposed of in the Hanfbrd Central Landfill

in accordance with applicable regulations. Clean Water Act
Revised Clean Air Act requirements tbr radioac-
tive air emissions were issued in December 1989 The Clean Water Act applies to all discharges to

under 40 CFR 61, Subpart H. Emissions t'rom waters of the United States. At the Hanfbrd Site,
the regulations are applied through a Nationalthe Hanford Site are within the new EPA of'f:site

emission standards of 10 mrem/yr (ef_bctive dose Pollutant Discharge Elimination System
equivalent). The 1989 requirements for flow and (NPI)ES_ permit governing effluent discharges to
emissions measurements, quality assurance, and the Columbia River.

sampling documentation are in the process of'
Conditions resulting from retirement of thebeing implemented at ali Hantbrd Site sources.
N Reactor have affected the sampling and record-
ing procedures associated with the Hanfbrd Site'sThese specific reporting ancl monitoring require-

ments necessitate additior, al effbrt. RL received NPDES permit. Primarily there are reduced

a 2-year compliance extension for the Subpart H flows al: the N Reactor outl'alls, and in some cases
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no flow at all. The situation is being noted on tile other is the city of Richland municipal system,
monthly discharge monitoring reports submitted which provides water to the 700, 1100, and
to tile EPA. 3000 Areas. Ten of the systems use Columbia

River water as a raw water source, four systems
Problems were experienced in measuring the flow use ground water, and one system uses a combi-
at Outfall 003 in the 100-K Area. The discharge nation of the two.
at this outfall is the 181-KE inlet screen back-

wash. The monthly flow ranges fl'om 19,000 to The water supplies are monitored tbr the con-
75,000 L (5,000 to 20,000 gal) compared to a per- taminants listed in the rules and regulations of
mit limit of more than 15,000,000 L/mo the DOH regarding public water systems. In
(4,000,000 gal/mo). With the low flows, rust from 1991 all water systems were in compliance with
the associated piping accumulates in the meters, requirements and agreements.
The design of the system was evaluated, and

changes were made to alleviate the problem. Toxic Substances Control

An excursion and two other conditions were re- Act

ported to the EPA in June 1991. The pH permit

limit was exceeded in the 100-N Area (Out- The application of Toxic Substances Control Act
fall 009). The pH was measured at 9.2, which requirements to the Hanford Site essentially
exceeded the permit limit of 9.0. The cause of the involves regulation of polychlorinated biphenyls
exceedance was thought to be inlet water with a (PCBs). Federal regulations fbr use, storage, and
high pH. Action was taken to isolate the inlet disposal of PCBs are ft)und in 40 CFR 761. State
water from the outfall. Additionally in June, the of Washington dangerous waste regulations for
100-K Area outfall (Outfall 004) total suspended managing PCB waste are listed in WAC 173-303.
solids (TSS) analysis was not performed within

the 7-day regulatory sample holding time. Proce- Various concentrations of PCBs are ft)und in elec-

dures were reviewed with operations personnel, trical equipment throughout the Hanford Site.
The last condition reported in June was the delay The majority of transfbrmers have been sampled
in reporting quarterly sampling results normally and characterized. Many PCB-containing (those
reported in April for N Springs. N Springs were with greater than 500 ppm) transformers and
sampled at the wrong test well; therefore, a new large capacitors have been replaced or modified.
sample and analysis had to be conducted. A risk assessment has been completed fbr ali but

one of' the remaining PCB transfbrmers to aid in
Permit modifications were discussed with the removal of the PCBs.
EPA Regdon 10 water permit writer regarding

new waste-water treatment facilities planned for Deflmled, decommissioned submarine reactor

the 300 Area. These new facilities include a compartments shipped by the U.S. Navy to the
treatment fhcility tbr process waste water, as well Hanford Site for disposal contain small quanti-
as filter backwash waste water and ash sluice ties of' PCBs bound within the matrix of nonme-

waste water, tallic materials such as thermal insulation, elec-
trical cables, and some rubber items. Because of'

Safe Drinking Water Act the presence of PCBs, the reactor compartments
are regulated under this Act. A compliance

The National Primary Drinking Water Regula- agreement between EPA and DOE defines the

tions oi'the Satin, Drinking Water Act apply to the process by which a permit under this Act will be
drinking water supplies at the Hanford Site. issued ibr the disposal trench.
These regulations are enlbrced by the DOH.

Nonradioactive PCB waste is stored and disposed

During 1991, potable water was supplied to the oi' in accordance with the 40 CFR 761 require-
ments. Effective nationwide treatment and dis-

Hanfi)rd Site by 15 individual drinking water
systems. Fourteen are DOE-owned systems; the posal capacity and technoh)gies have not been
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developed fbr radioactive PC.B waste. This waste 1) review of ali proposed land-disturbing projects
remains in storage pending the development of to assess p()tential impacts on cultural resources,
adequate treatment and disposal technologies and 2)periodic inspections ()t' known a)'chaeolr)gi-
and capacities, cal and hist()rical sites to determine their condi-

trim and the effects of land management policies

Federal Insecticide, Fungi- ,,,, the sites. The 1991 program activities are
described in Section 3.3, "Environmental Studies

cide, and Rodenticide Act

Ecology administers the Federal Insecticide, Fun- The American Indian Religious Freedom Act re-
gicide, and Rodenticide Act of 1975 (FIFRA) ce)'ti- quires f'ederal agencies to help pr()tect and pre-
fic:Ition anti storage requirements under author- serve the Native Ame)'ican's right to l:))'actice
itr granted by 1'21A. The FIFRA and the Revised their traditional religion. |{I, cooperates with the
Code ()l'Washington 17.21, Washington Pesticide Native Americans l)y pr()viding Site access Ibr
Application Act. as implemented by WAC 16-228, ()rganized religious activities.
"General Pesticides Regulati(ms," apply to stor-

age a,_d use oi'pesticides. At the itantbrd Site, National Environmental
pesti('ides are al)plied by personnel licensed by n 1_, __ AetEcology ats commercial pesticide applicators. The roncy
Hanfi)rd Site is in compliance with the Act's re-

quirements and WAC 16-228 regulations pertain- The National Environmental Policy Act (NEPA)
ing to storage and application of' pesticides, establishes a national environmental policy. The

Act requires ma.jet federal projects with potential

Endangered Species Aet t,, significantly impact the envii',,ilment t,, be
caret'ully reviewed and reported to the public
through environmental impact statements (EIS).

A t'ew rare species of native plants and animals ()ther documents such as environmental assess-
are known to occur ()n the Hanford Site. Some of

merits are also prepared in accordance with
these are listedbvtheU.S. Fish and Wildlife NEPA requirements. Such NEPA documents are
Service as endangered o)"threatened (fbderally prepared and reviewed in accordance with the

listed ). Others are listed by the Washington Council on Environmental Quality )'egulations in
State I)epartnwnt ()f \Vildlil'e as endange)'ed, 40 C'FR 1500 to 1508, 10 CFR 1021, I)OE

threatened, or sensitive species. The Site moni- ()rde)" 5440.1 I) (dated February 22, 1991 ), the
toting program is discussed in Section '{ 3 "Envi-...... I)OE NEPA Guidelines (52 FR 47662, l)ecem-
)'oilmeilta] Studies and Progi'anls." ber 15, lq " , ,,_ational Environ-,81) arid SEN-15-,9(j,"N "

mental Poli(:y Act" (dated February 5, 1990).
National Historic Preserva-

tion Act, Archaeological "rh_, SEN-15-90 documentation directs I)()F, fieldof'rices to conduct early and adequate NEI)A plan-

Resources Protection Act, anu t(, designate an official to be ,'esp(Jn-
sible for overall NEPA compliance, lt alsotermi-

and erican Indian hated the use oi'memos to document NEPA

Religious Freedom Aet ,-_,,i_,,, orcertain activities and projects as oi'
September 30, 1990. The RI_ has complied with
these, as well as other requirements of the notice.

(?ultural resoui'ces on the Hanfbrd Site are sub-

.jeer to the provisions ()f' the National Historic Several )'elated prog)'ammatic and site-specific
Preservation Act and the Archaeological Re- EISs are in process or in the planning and
sources Protection Act. (.'.ompliance with the seeping stages. These ai'e summarized below.
applicable regulations is accomplished through
an active monitoring program that includes:
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Environmental Impact Statement, which in 63g complete. The flml/tritiunl target

Decommissioning of Eight Surplus fabrication and :_I-[proce, nsing would be h(mned in
Production Reactors at the Hanford the existing Fuels and Materials Examination

Facility in the 400 Area.
Site, Richland, Washington

In November 1991, DOE announced that it will

Eight plutonium production reactors were built incorporate the environmental impact analysis

and operated at the Hant'ord Site between 1943 for the I)Og NPR capacity proposal into the
and 1971. These reactors have been declared Weapons Complex Modernization Programmatic
surplus by DOE and are now awfilable tbr decom- Environmental Impact Statement IPEISI and
missioning. The first reactor to operate, include NPR siting and technology decisions in
B Reactor, is eligible tbr linting as a National the Weapons Complex Modernization Record of
Historic Site. I_)ecision. The DOE invited the public to con>

meEt on incorporating the _1-Icapacity analysis
The draft gIS (DOE 1989al wan published in into the Weapons Complex Modernization PEIS
March 1989 and subsequently went through the on November 29, 1991 (56 FR 60985). The imple-
required review process. During 1990, responses rePEtition plan taken the resulting comments
to agency and public comments on the draft were into account.
prepared. The final gIS and record of decision

are expected to be availal)h_, in 1992. Executive Order 11988 -

Programmatic Environmental lm- Floodplain Management
pact Statement for the Environmen-

tal Restoration and Waste Manage- 'ro minimize potential harm to or within the 10O-

meat Program year floodplain, the t)otential effects of actions
taken in the tloodplain at Hantiwd are evaluated
and alternatives are considered when necessaryThis gIS will evaluate the potential environmen-

tal impacts ()[' DOE's national environmental t() avoid adverse ellbcts and incompatible devel-
restoration and waste management program, lt opment within the th)odplain. The ewduationn
will include actions tbr remediation, compliance are made in ()he of two ways: either concurrently

with the NEPA process, or separately, with thewith RCRA and C ERCI_A, restoration, waste
required Public Notice and Statement ()t' Findings

management, and rep()sitories. (S_.OI_ ) published in the Federal Register. II' the

Weapons Complex Modernization action requires an ellvironmelltal assessment,the tloodplain assessment must be inc()rporated.
Programmatic Environmental lm- The SOF may be incorporated in a Finding o1' No
pact Statement Significant Impact (FONSI). I1' the acti()n does

not require an environnmntal assessment, the
The RI, c(mtractorn assisted Argonne National tloodplain _lnn(_nn|llel_t accompanies an inl'orma-
Imborattn'y in preparing a draft gIS, published in tion bulletin. Two floodplain/wetlands assess-
April 1991, fiw siting, constructi(m, and operation meets were written in 1991 and included in
of a New t)r()dtlclion Reactor (NPR) t()t)roduce NEPA docunlentation fi)r CERCI,A aerl(mn.

:_tt. The draft c()mpares potential el_\'ir(mmental

and soci,)ec(,nomic impacts f,'()m the siting .['an Executive Order 11990 -
NPR at the ttanfi)rd Site, Idaho National gngi-

nee,'ing l,ab(),'at(wy, and tlm Savannah Rive," Protection of Wetlands
Plant. The technologies 1)roposed tbr :'H produc-

tion are the light-water reactor, modular high- Protection in considered tbr any action and flew
temperature gas-cooled reactor, and heavy-water construction proposed in a wetland at Hanlbrd to
reactor. The sites were evaluated regarding each minilnize the destruction, Ions, ()r degradati(m oi'
of the three technologies. At the Hanlbrd Site, th()ne wetlands. An evaluation takes into account
the light-water reactor would be the WNP-1, economic and environment, al concerns and is
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conducted either concurrently with the NEPA FONSI. II' ttle acti()n does not requi_'e an environ-
process or separately, with the required Public mental assessment, the wetl_mds assessment
Notice and SOF published in the Fedel'al Regis- accompanies an inlbrnlation bulletin. Tw() tlood-
ter, Ii' the a¢',tion requires an envir(_nment_d as- plain/wetlands assessments were written in 1991
sessment, the wetlands assessment must be in- and included in NEPA documentation tbr

corpor_lted. The SOF may be incorporated in the CERCLA actions.
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2.3 Current Issues and Actions

Progress has been made toward achieving [hll adding liquid to "watchlist" tanks IPublic Law 101-
regulatory compliance at the Hantbrd Site. On- 510, Section 3137 tWyden Amendment)].
going seifassessments of the compliance status, "Watchlist" tanks include those that contain
m_plementation of the Tri-Party Agn'eement, and ferrocyanides, hydrogen-gas generating waste,
public meetings continue to identi[_¢ environmen- high-heat generating waste, and waste with high
tal compliance issues. These issues aro. discussed concentrations of organic chemicals. Five single-
openly with the regulatory agencies and with the shell tanks are in the process of being stabilized
public to ensure that ali environmental compli- at this time. This milestone will be complete
ante issues are addressed, when the process is complete.

Hanford Federal Facility Th0Tri-Pa,'ty Ag,'eement requi,'es the p,'epa,'a-
tion of individual work plans tbr conducting re-

Agreement and Consent m_d_al investigation and t_asibility study work

Order (Tri-ParW Agreement) on the 78 designated operable units. The work isbeing actively conducted at selected operable
units on the Site in accordance with the sched-

Forty-seven of 48 milestones scheduled tbr 1991 ules stipulated in the Tri-Party Agreement Ac-
were completed, although some were delayed as tion Plan.
approved through the change request process.

Included in these completed milestones were the The liquid effluent study (WHC 1990), which was
tbllowing activities: agreed to as part of the Tri-Party Agreement

negotiation, was transmitted to EPA Region 10
• Six RCRA Part B permit applications and tw() and Ecology in the third quarter of 1990. EPA

closure plans tbr Hanlbrd TSD facilities were and Ecology reviewed the liquid effluent study

submitted, documents and provided comments in February
and April 1991, respectively. The N Reactor

• Eleven CERCLA RI/FS or RCRA facility effluent stream was identified as one of seven

investigation/corrective measures study high-priority streams at the Hanfbrd Site. The
(RFI/CMS) work plans for inactive waste EPA regards this effluent as the most environ-

sites were submitted, mentally significant continuing release at the
Hanlbrd Site. EBASCO Services, Inc., has been

• Actions to meet 15 Tri-Party Agreement mile- contracted to report on alternative containment
stones dealing with management of liquid methods for the radioactive ground-water plume
effluents at the Hanfbrcl Site were completed, that was created by the N Reactor effluent.

• Sixty-one RCRA ground-water monitoring On or belbre February 6, 1991, DOE submitted

wells were installed. 10 change request packages ibr several major and
interim milestones contained in the Tri-Party

At the end of 1991 a total of 136 Tri-Party Agree- Agreement. On April 8, 1991, EPA and Ecology
ment milestones [for fiscal years (FY) 1989, 1990, denied eight of the submitted change packages,
and 19911 had been completed on or ahead of conditionally accepted one, and detbrred action
schedule. One milestone (M-05-03_ was not met. on another. Public meetings were held (m April

16 and 17 to discuss the denials and status oi'the

Milestone M-05-03, "Interim stabilize an addi- change packages. Intense negotiations were
tional tbur single-shell tanks," clue in September entered into in May 1991 to reach acceptable
1991, has yet to be completed. Progress on agreement between the three parties on the
stabilizing the tanks was halted by DOE-HQ in changes. On May 15, 1991, tentative agreement

August 1991, to resolve the issue of potentially was reached by the three parties regarding the
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proposed changes to the Tri-Party Agreement. • M-12-00, "Submit RI/FS or RFI/CMS work

The tentatively agreed changes were submitted plans fbr' 20 operable units," has been changed
to the public for a comment period Ii'ore May 22 Co 15 work plans, and the due date for
to July 5, 1991, with public meetings held in M-13-00, "Submit six RI/FS or RFI/CMS work

June to discuss the changes, plans per" year," has been revised to begin in
1993. Additionally, the interim milestones

The EPA, Ecology, and DOE, aPcer considering under M-12-00 have been revised to require
public comments, approved the change packages rescoped work plans reflecting revised past
in September 1991. practice strategy. Four new major mil(_stones

have been added (M-27-00, M-28-00, M-29-00,
Below is a summary of the approved changes by and M-30-00) requiring aggregate area man-
major milestone: agement study reports, soils and ground-

water background determinations, the Han-

• Milestone M-01-0(), Complete 14 grout cam- fiJrd Site risk assessment methodology, and
paigns of double-shell tank waste by Septem- integrated general investigations and studies
ber 1994 and maintain currency with waste fi)r the 100 Areas. Under these new major
feed thereafter," has been delayed 27 months milestones are 23 new supporting interim
to December 1996. milestones.

• New milestones and due dates will be estab- • Three new interim milestones have been

lished tbr Milestone M-02-00, "Initiate B Plant added to Major Milestone M-17-00, "Complete
operations tbr pretreatment of double-shell liquid effluent treatment facilities/upgrades
tank waste," in January 1992. fbr all Phase I streams," requiring the devel-

opment of sampling and analysis plans, ira-
• Interim Milestone M-03-01, "Initiate Hanford plementation of interim operating restrictions

Waste Vitrification Plant (HWVP) construe- on thcility effluents, and submittal of a meth-
tion," has been delayed 9 months, while Mile- odology fi)r assessing the impact of liquid
stone M-03-00, "Initiate Hantbrd Waste Vitri- discharges.
fication Plant operations," has not been

changed at this time. • M-20-21 Isubmittal of a permit application fbr
B Plant)is revised to require the establish-

• Adjustments to tl_e number of tanks to be ment of a due date tbr submittal of a permit
.stabilized under the interim milestones sup- application or a closure plan The new date
porting Major Milestone M-05-00, "Complete will be established by January 1992.
single-shell tank interim stabilization," were.

approved (t)'om 9 in 1991 to 4; from 9 in 1993 • Interim Milestone M-24-07 and Major Mile-
to 11; t'rom 9 in 1994 to 8, and from 5 in 1995 stone M-24-00, "Install RCRA ground-water
to 10). The major milestone date of Septem- monitoring wells at the rate of 30 in CY 1990,"
ber 1995 to complete the interim stabilization were extended 280 days making them clue
of ali but the two high-heat tanks was not October 7, 1991.
changed.

• A newly established milestone lM-31-00) rc-

" Adjustments were made to Interim Milestones quires the construction of up to tbur new
M-10-04 (extend due date from December double-shell tanks with interim milestones

1990 to September 1991 ) and M-10-06 (reduc- requiring the completion of conceptual design
tion from 24 samples to 20 samples_. Interim CM-31-01) and establishment of additional

Milestone M-10-05 was redefined to cover the milestones IM-31-02) by September 1992.
preparation of an integrated waste sampling

plan. No changes were made to the Septem- A complete renegotiation of Major Milestone
ber 1998 Major Milestone M-10-00, "Complete M-17-00, "Complete liquid eftluent treatment
analyses of at least tw() complete core samples facilities/upgrades tbr ali Phase I streams," was

from each single-shell tank." completed in October 1991. The resulting change
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package will modify the existing Tri-Party Agree- analyscs The results of that evaluation deter-
ment Major Milestone M-17-00 and the interim mined that additional capabilities were necessary
milestones M-17-02, M-17-04, M-17-08, M-17-09, to analyze process control samples and perform
M-17-10, M-17-11, M-17-12, and M-17-13. As a quality c:_ntrol checks on the analyses conducted
result of the negotiations 86 new interim mile- by commercial laboratories.
stones and 1 new major milestone will be added
to the Tri-Party Agreement dealing with liquid The DOE currently has several small contracts in
effluents. This change package will undergo pub- place with commercial laboratories. These ]abo-

lic review along with the Tri-Party Agreements ratories will continue to be used pending the
annual update and be approved after resolution placement of multiyear, multimillion dollar con-
of any comments, tracts for long-term laboratory services. The

DOE also is working closely with the laboratories
As required by Amendment 2 to the Tri-Party currently being used to expedite the sample turn-
Agreement, negotiations occurred from May around times. A change package was submitted
through September 1991. These negotiations to Ecology and EPA in November 1991 to rede-
resulted in an agreement (Consent Order) be- fine the major milestone; the change package was
tween RL and Ecology tbr obtaining state permits denied and at year's end was in dispute
for liquid effluents at the Hanford Site. The ac- resolution.
tions and schedules put forth in the agreement

for obtaining state permits will be consistent with Hanford Future Site Use/
the interim Tri-Party Agreement milestones. J'nl "ll

The permit, in addition, will address those t;leanup  trategy
deliverables specifically required for compliance

with the State permitting program (engineering Potential long-term future uses of Hanford Site

reports, etc.), a schedule for permit submittals, land strongly influence decisions about cleanup
and a schedule for identification and disposition strategies and cleanup standards. Understand-
of miscellaneous liquid effluent streams, ing public and other affected parties' visions of

potential fllt.ure site uses will help DOE make
The 1992 annual update to the Tri-Party Agree- cleanup decisions that will be publicly supported
ment has been prepared and will undergo public and that will stand the test of time.
comment during the period of March and April

1992. The annual update to the Tri-Party Agree- The DOE, in cooperation with other interested
ment was delayed this year to incorporate the participants, is supporting a process to actively
new M-17-00 milestones, which were negotiated seek public input to the development of cleanup
during the period from June through October strategies, taking into consideration potential
1991. future site uses.

Milestone M-14-00, "Complete construction and The Columbia River's
initiate operations of a low-level mixed waste

laboratory," was included in the Agreement to Hanford Reach
ensure that projected analytical needs at the

Hanford Site would be met. Subsequent to the The Hanford Reach is an 84-km (52-mi) stretch of

signing of the Tri-Party Agreement, the DOE the Columbia River from Priest Rapids Dam to
determined that analytical needs at the Hanford the head of Lake Wallula near Richland. Con-
Site would be better satisfied through the use of gress passed a law (Public Law 100-605) in 1988
commercial laboratory facilities. Activities asso- requiring a comprehensive study of the Hanford
ciated with the laboratory project were halted Reach. The Secretary of Interior, in consultation
while an evaluation was conducted to determine with the Secretary of Energy, was to take two
whether new laboratory capabilities were still actions: 1) inventory and evaluate the river's

necessary if commercial laboratories performed resources, and 2) develop and analyze a series of
the bulk of the low-level mixed-waste sample protection alternatives, including designation of
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the Reach in the National Wild and Scenic Rivers Tiger Team assessments, one of the 10 points in
system. The Department of Interior was to have the initiative, are one of Secretary Watkins' high-
presented its study and an EIS to Congress by est priorities fbr DOE. The assessments include,
November 1991; however, this has not yet but are not limited to, the following ES&H areas:
occurred.

• compliance with applicable federal, state, and
The law states that for 8 years, no federal agency local regulations; permit requirements; agree-
may construct any dam, channel or navigation ments; orders; and consent decrees
project. It also requires all other activities, to the

extent practicable, be planned and implemented • compliance with DOE order requirements fbr
to minimize adverse impacts on the river's re- ES&H activities
sources. As a means of complying with the law,
RL notifies the National Park Service (NPS) of'ali • adequacy of DOE and site contractor ES&H
proposed activities subject to the NPS consulta- management programs, including planning,
tion and coordination process agreed upon by the organization, resources, training, and rela-
two involved agencies, tionship with regulatory agencies

Analysis of the alternatives began in May 1990. ° confbrmance with applicable best and ac-
Options range from establishing a resource pro- cepted industry practices
tection area, to taking no action. Which state or
federal agencies would manage the area, whether • identification of'root causes.
development would be limited, and how far from

the shore the protection would extend are among The Hanford Site Tiger Team began evaluating
other issues to be addressed in the EIS. For ex- Site operations in May 1990. The Tiger Team
ample, if the Hanfbrd Reach were declared a Na- presented its findings to RL and state officials in
tional River, the NPS would preserve the river in July 1990. The team's report listed 371 separate
its natural state and allow its resources to be findings, and 4 special issues; no findings were
used but not changed, altered, or depleted, characterized as representing an imminent dan-

ger. Eighty-fbtr findings related to environmen-
The NPS is the lead agency for the Department of tal issues. The documentation of the results of
Interior and plans to announce its preferred al- the assessment is published in Tiger Team As-
ternative in a draf_ EIS in the spring of 1992. A sessment of the Han[brd Site (DOE 1990e). A
public comment period will fbllow, and public copy of this document is available at the RL Pub-
hearings are planned. The final report to Con- lic Reading Room.
gress will present the study team's final recom-
mendation. In January 1991, RL submitted the draft of the

Hanford Site Preliminary Action Plan to U.S.

Tiger Team Assessment Department of' Energy-Headquarters (DOE-HQ).
Comments were subsequently received from

Corrective Actions DOE-HQreviewers. The RL and Hanford Site
contractors have responded to thos-_ comments.

In June 1989, Secretary of Energy James D. Through March 1991, resolution had been
Watkins announced a 10-point initiative to achieved on 95_)_of all comments received. The
strengthen safety, environmental protection, and Hanford Readiness Task Force, composed of RL
waste management activities at DOE production, and Site contractor personnel, submitted a re-
research, and testing facilities. The Initiative is vised Hanford Site Preliminary Action Plan in
part of the Secretary's overall plan to ensure full April 1991.
accountability in the areas of environment,
safety, and health (ES&Ht, and ensure that all Anticipating fbrmal approval of the plan, actions
DOE facilities achieve and maintain fhll compli- were initiated in accordance with the plan and
ance with applicable fbderal and state ES&H the priority levels were assigned to each action.
requirements. Progress has been carefhlly tracked on closeout

34



Current Issues and Actions

and interim milestones. Delinquent actions have process. Residual in-process chemically active

been carefully analyzed to ensure no environmen- recyclable liquids, sludges, fluoride powder, and
tal or safety impact. Currently, 584 actions out rags containing plutonium will be processed to

of 766 have been completed and are awaiting produce plutonium nitrate solutions. These plu-
closure by DOE-HQ. The draft plan was formally tonium nitrate solutions will then be converted in

approved in December 1991. the other process facility, the Remote Mechanical
C Line, to an oxide tbrm. Plutonium oxide is a

Plutonium Uranium stable form suitable for extended storage. Reac-
tivation oi"the Plutonium Reclamation Facility is

Extraction and Uranium scheduled for late in FY 1992.

Oxide Plants Status Evaluation of the PFP status with respect to se-
lected DOE orders and implementation of the

Operation of the PUREX process to stabilize ecr- new PFP final safety analysis report will also be
tain liquid inventories was completed in FY 1990. performed before Plutonium Reclamation Facility
Inventories of solvent and nuclear materials re- restart.
main, including liquid uranyl nitrate hydrates

and fuel from Hanford Site production reactors Hanford Waste Vitrification
and organic materials. Transition of the PUREX

Plant to a minimum safe standby condition began Plant
in FY 1991. Tanks and transfer routes were

closed off to prevent spills of remaining liquids The Hanford Waste Vitrification Plant will be

and to isolate incoming utilities fl'om the process constructed to treat much of the waste currently
area. stored in double-shell tanks. The high-activity

fraction of waste resulting from pretreatment of
Preparation of the UO:_ Plant to process remain- the stored waste will be immobilized into borosili-

ing inventories of liquid uranyl nitrate hydrates cate glass and stored until a repository is ready
continues. An operational readiness review team to receive this waste.
was established, and mechanical work was initi-

ated to ensure safe operations. The RL advised Ecology in December 1990 of
technical and programmatic concerns that may

It is anticipated that no decision on further op- delay the start of plant construction. To address
eration oi' the PUREX Plant will be made until an these technical and programmatic concerns, RL
EIS is complete, initiated a systems engineering risk assessment

to evaluate the technical, safety, and regulatory
Plutonium "_" " -" -v lnlsnlng Plant uncertainties in the Hanfi)rd Waste Vitrification

Restart Program.
Review of the draft findings from the vitrification

Reactivation of two process areas in the Pluto- systems risk assessment ancl negotiations be-
nium Finishing Plant IPFPI will stabilize materi- tween DOE, Ecology, and EPA resulted in a deci-
als held in the thcility. This materials stabiliza- sion that the program for remediation of the
tion campaign is in response to direction from Hantbrd Site tank wastes needed to be redefined.
DOE-HQ to operate PFP as necessary to stabilize

and prepare materials for long-term storage and The redefinition of this program resulted in a
to conduct cleanout activities needed to improve reestablishment of the programmatic baseline fbr
the saIbty of the thcility, the project. As a result, the start of construction

on the plant was delayed by 9 months, but the

Operation oi' the Plutonium Reclamation Facility, date for starting operations remained unchanged
one of two active process thcilities and the first (December 19991. The definitive design, approxi-
step in the stabilization process, will be resumed mately 359_, complete, is scheduled tbr completion
following completion oi' the readiness review in June 1994.
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Waste Tank Safety Issues walls is monitored for leaks. None of these tanksis known to have leaked to date.

Several waste tank safety issues have potential Sixty-six of the single-shell tanks have been clas-
impacts on environmental restoration work sifted as suspected leakers. In 1979, to halt or
planned for the Hanford Site. Funding to per- reduce effects of' current and fhture leaks, re-
form environmental activities has been redirected moval ofpumpable liquids from the single-shell
to resolve satety issues regarding tile tanks, tanks to the double-shell tanks began and contin-
Also, because of these safety issues, work control ues today. Recent research shows that more
restrictions have been implemented, which has studies are needed before more liquids containing
slowed work in and around the tanks, ferrocyanide or large amounts of ignitable mate-

rials are pumped from tile single-shell tanks to
A supplement to the Hanfbrd Defhnse Waste the double-shell tanks. The risks of concentrat-

/HDWt EIS (DOE 1987bl is planned to evaluate ing waste in double-shell tanks must also be
options for disposing of single-shell tank wastes, evaluated.
In the record of decision tbr the HDW EIS, the

decision about how to handle the wastes in the Safety Issuessingle-shell tanks was deferred. Befbre a deci-
sion can be made, the wastes will need to be char-
acterized aim technology will need to be devel- Concerns have been raised about the potential of

a ferrocyanide explosion and hydrogen gasoped fbr disposing of the wastes. Because oi'
'I'ri-Party Agn'cement milestones, this supplemen- accumulation in the Hanford Site waste tanks.
tal EIS's schedule is proposed tbr acceleration. One issue is that under certain conditions of

chemical concentration, moisture, and temper-

In December 1991, it was determined by DOE- ature, ferrocyanide and nitrates in the single-
shell tanks could release }]eat and potentiallyHQ that this supplemental EIS should be com-

bined with the waste tank safety supplemental become explosive. The other issue is that flam-
EIS. The combined supplement will reassess the mable hydrogen gases may be trapped beneath
entire tank safety and tank waste treatment and the crust in five double-shell tanks and 18 single-
disposal program, shell tanks. One tank in particular, 101-SY (a

double-shell tankl, shows the largest accumula-

Background tion of trapped gases. The DOE and externaloversight groups have concluded there is no
imminent danger to the public from either

Between 1943 and 1964, 149 single-shell tanks situation.
w_,re built to store liquid radioactive wastes.

Their capacities range from approximately Westinghouse Hanfbrd Company has tbrmed a
2.08 x 10:' L _5.5 x 104 gall to 3.78 x lfr; L Tank Waste Remediation System Division that
i 1 x 10-' gal_. Some of the tanks have leaked. No has the responsibility to identit}¢ any hazards
wastes have been added since Now-tuber 1980, associated with the waste tanks and implement
and much of the originally stored waste has been the necessary actions to mitigate or remediate
pumped out. Today, the 149 tanks hold about those hazards. Instrumentation to assist in these

1.4 x 10 _ L !3.7 x 10 r gal_ of waste. The waste is efforts is being developed for placement in the
in three general tbrms: sludge, salt cake, and hydrogen and the ferrocyanide tanks, and ulti-
liquid. The waste is a variety oi'types: low-activ- mately in the tanks containing unstable organic
ity, high-activity, hazardous, or plutonium-con- compounds, on an as-needed basis.
taminated salt cake and sludge.

Infbrmation obtained from core samples, video
Twenty-eight double-shell tanks have been built pictures, and monitoring of Tank 101-SY as well
since 1.968 and used since 1970. The double-shell as infbrmation from detailed studies on the

tanks now contain about 7.6 x 10_ L 12.0 x 107 gall mechanism of flammable gas tbrmation and re-

of' liquid radioactive waste. These tanks have a tention assists in understanding the behavior of
second steel wall, and the space between the two
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Tank 101-SY. This understanding supports the John Glenn of Ohio. The GAO will be conducting
development of detailed mitigation strategdes Ibr this review over several months and meeting
that tank. Work is being initiated to characterize with ali Site contractors and the State of

the other flammable-gas tanks to determine the Washington. The GAO has initiated the review
severity of the hazard, with an audit oi' ground-water and soil monitor-

ing at tile Hanford Site. Meetings with RL and
Studies with synthetic waste that duplicate the Site contractors occurred in February and Marc'h
waste streams that generated ferrocyanide 1991. The GAO review includes well manage-
wastes minus radionuclides have increased the ment and vadose zone monitoring. The (]AO has
understanding of the risk from the ferrocyanide- requested a copy of the charter fi)r well manage-
containing tanks. This understanding has been ment that was prepared in response to two Tiger
summarized in a "position paper" on ferrocyanide Team findings, and a copy oi' the vadose zone
that is currently undergoing DOE-HQ peer re- monitoring plan that discusses the use of a
view. Work is just being initiated on assessing spectral gamma logging system.
the risk from organic-containing tanks.

State Waste Discharge
Waste Minimization Permits
The Hanford Waste Minimization Program was
designed to meet the requirements of DOE RL has been authorized by DOE-HQ to apply tbr
Orders 5400.1 and 5820.2A, and DOE-HQ permits to comply with Washington State require-

ments tbr regulating effluent streams dischargingguidance consistent with EPA guidelines. The
to the soil column. A compliance order was signedmajor elements of the program are 11 manage-
with Ecology in December 1991. The compliancement support; 21 employee training, awareness,

and incentives; 3) program scope, objectives, and order establishes a schedule for complying with
goals', 4) waste minimization assessments/audits; state permitting requirements for liquid waste

5) accurate cost accounting; 6) accurate waste discharges to underground waters. This consent
order subjects the Hantbrd Site liquid wasteaccounting; 7)technology transfer; and 81 pro-

gram evaluation, effluents to regulatory milestones, which include
submission of engineering reports, design
reports, permit applications, sampling andThe program lbcuses on preventing the genera-

tion of waste but also implements a strategy to analysis plans, construction schedules, impact
assessments, and interim operating restrictions.reduce the voluine and toxicity of wastes that are

nevertheless generated. In order oi'priority, the
242-A Statusprogram advocates waste prevention using source lvaporator

reduction and recycling techniques, treatment,

and disposal of wastes. Wastes targeted fbr mini- The 242-A Evaporator remains in standby sl_atus
mization include radioactive Ihigh-activity, tran- pending construction of four liquid effluent reten-
suranic ITRU/, low-activity], radioactive mixed, tion thcilities. Planned use of the first of three
hazardous (RCRA), and non-hazardous solid retention facilities is scheduled tbr the second
wastes. The Site waste minimization program is half of 1992. The PUREX Plant shutdown elimi-

discussed in fhrther detail in Section 3.1. notes the need fbr one retention facility.

General Accounting Office The 242-1 Evaporator is used to reduce the vol-

(GAO) Audit of Ground- ume of liquid wastes that are placed in storage inthe double-shell tanks. The retention facilities

Water and Soil Monitoring wil_ be used for the temporary storage of liquid
condensate from the 242-A Evaporator until the
liquid effluent treatment thcility is complete. The

The GAO is reviewing environmental monitoring
at the Hantbrd Site at the request of Senator
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treatment facility is being designed and con- • Radiochemistry in Ground Water and Solids -
structed in the 200-East Area to remove listed International Technology Corporation
chemical constituents from the 242-A Evaporator
process condensate. • Hazardous Chemistry (Ground Water and

Solids/- DataChem Laboratories, Salt Lake

Submarine Reactor Com- City

partments Westinghouse Hanford Company currently has a
contract in place with the Martin Marietta

Six defueled submarine reactor compartment Energy Systems K-25 laboratory in Oak Ridge,
disposal packages were received and placed in Tennessee.
Trench 94 during calendar year 1991.

State of Oregon Nurvey
The reactor compartment disposal packages are

being regulated by the Washington State Depart- As part oi' the DOE plan to clean up the Hanford
ment of Ecology as dangerous waste because of Site, transuranic wastes will be shipped to a
the presence of lead used as shielding, per agree- repository near Carlsbad, New Mexico, over a
ment with the state. In December 1989, DOE period of approximately 20 years. To gauge pub-
submitted to the state a draft Part B permit lic opinion regarding this transport plan,
application for low-level waste burial grounds, 402 adults living in the four Oregon counties
including Trench 94. DOE is addressing ques- along the Interstate 84 corridor planned for the
tions and comments from the state, including transport route, and 604 adults living elsewhere
several related to Trench 94, before submitting a

in Oregon were surveyed in June and July 1990.
revised permit application.

The survey was conducted fbr the Oregon Depart-
United States F'll'_ lo __

Iesung ment of Energy. The survey was administered by

"_ _"a,Oom nan'' - , Incornora*e't, t l phoneto a randomly selected set of house-holds. Within each household selected, the avail-

Termination aM_ household member over 18 years of age with
the most recent birthday was interviewed. Sur-

Previously, the United States Testing Company, vey results were reported in early February 1991
Incorporated (US'I'), pertbrmed the majority of to the Oregon Hanfbrd Waste Board and Hanford
radiochemical analyses contained in the Hanford Advisory Committee. The Board is Oregon's

policy fbrum for the Hantbrd Site issues that lm-Site Annual Environmental Reports. This con-
tract was terminated in ,June 1.990. pact the state. The Advisory Committee is the

Board's liaison to citizens and local governments.

For some of the analytical services required by
PNL contracts, contracts were placed with Los More than half(56_)_ I of those surveyed believe
Alamos National Laboratory and TMA/NorCal nuclear weapons waste transport poses a greater

risk than continuing to store the waste at theLaboratories and an interim contract was

awarded to International Tech_tology Corpora- Hanfbrd Site. About one-fifth 118:/, _beliew.' the
tion's Richland laboratory, who purchased the risk is the same. Key findings of the analysis
UST facilities in Richland. Four separate long- include:
term analytical contracts were established in
September and October as fbllows: • Most Oregonians worry about the effects of

nuclear waste transport, but more than halt'

° Bioassay - International Technology believe the job can be done safbly.
Corporation

• Of those who live along a likely transport

° Surface Environmental Radiochemistry - route in Eastern Oregon, 80c)_ fear that radio-
International Technology Corporation active waste transport might harm public
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health and safety. Statewide, 64_ agree, and federal requirements as well as self-imposed
More than two out of three Oregonians (69_)_) requirements. ']?he major focuses of the assess-
believe hazardous material transport mishaps ments were to:
will happen.

• review laboratory operations against EPA's

• Respondents tended to rate the hazards of SW-846 test methods (EPA 1982}
nuclear waste transport on a par with trans-
port of toxic chemicals and explosives on Or- • routinely assess permitted activities for com-
egon highways, pliance

* Respondents were far more likely to see more • assess satellite accumulation and 90-day stor-
harmful consequences than benefits as a re- age areas fbr compliance with waste storage
sult of the transport program, requirements

Environmental Training • routinely audit the low-activity waste genera-
tors' program for organizational structure,
methods used to characterize waste, methods

Training is provided for contractor employees, of packaging waste, and methods used to store
DOE, EPA, Washington State, vendors, and and accumulate waste.
others requesting training required ibr entry onto
the Hanford Site. Training is provided in the In the future, the subject of these self-assess-
areas of hazardous waste site operations (initial ments are expected to be incorporated into and
and refresher), hazard communications, waste implemented by the comprehensive seliLassess-
minimization and waste management, waste ment program being developed at the direction of
designation, hazardous waste shipment, fhcility the Secretary of Energy.
waste sampling, and respiratory protection.

During 1991, eight instructors trained approxi-
mately 5,650 individuals in hazardous waste

operations and approximately 400 in the techni-
cal courses dealing with sampling, designating,
and shipping waste. Along with providing class-
room instruction, new courses were developed or
refined/redesigned and were presented or shared
with other DOE sites.

Self-Assessments

Several types of environmental self-assessments
_,ere per(brined at Hanfbrd in 1991. These as-
sessments evaluated compliance with local, state,
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2.4 Environmental Occurrences

Onsite and offsite environmental occurrences oi' are indicative of degradation in, the salbty,
(spills, leaks, etc. I of radioactive and nonradio- security, environmental or health protection
active materials during 1991 were reported to performance or operation of a facility." There
DOE as specified in DOE Order 5000.3A and to were 1,277 off-normal environmental occurrence
other" federal and state agencies as required by reports filed at Hantbrd during 1991 covering
law. The specific agencies notified depended on everything from battery acid spills and leaks
the type, amount, and location of the individual from overheated motor vehicle cooling systems to
occurrences. Generally, these materials either minor radiation contamination problems.
dispersed naturally, were stabilized in existing Because of the volume of reported off-normal
waste disposal sites, or were controlled and occurrences, event summaries are not included
cleaned up. In some cases an occurrence may be here.
under continuing observation and evaluation.

During 1991, ali Emergency, Unusual and Off- Unusual Occurrences
normal occurrences at Hantbrd were reported to
the Hanford Site Occurrence Notification Center.

Release of Contaminated Well Water
This Center is responsible fbr maintaining both a
computer database and a hardcopy file Hf'event to the Ground (RL-PNL-P14BOPER-
descriptions and corrective actions. Copies of 1991-1004)
occurrence reports are available tbr public review
in the DOE Richland Operations Office (RL) Public About 50 gal (189 LI of well water containing
Reading Room located on the Washington State approximately 190 lng of cyanide, 101,000 pCi of
Univmsity campus in Richland, Washington. _"Coand 5.7 _tCi of":JTc were mistakenly dis-

charged to the soil during routine ground-water

As defined in DOE Order 5000.3A, emergency sampling and purging operations. Purgewater
occurrences "are the most serious occurrences and fl'om contaminated wells is normally deposited in

require an increased alert status tbr onsite person- temporary containment vessels and then trans-
nel and, in some specified cases, for' offsite authori- ferred to permanent storage facilities at a later
ties." There were no Emergency Occurrence Re- date. Labels on well water sample containers are
ports filed in 1991. usually coded so that field personnel can identit}¢

contaminated wells before they begin sampling.
Unusual occurrences are defined as non-emer- In this case, however, sample containers were
gency occurrences that have a "significant impact improperly labeled and the purgewater was
or potential tbr impact on safety, environment, pumped onto the ground. As a result, ground-
health, security, or operations." There were water sampling was halted fbr a time. Sampling
115 unusual occurrence reports filed during 1991. was restarted under an administrative procedure
Many of these included minor leaks and spills requiring the containment of all purgewater.
because initial reporting requirements for 1991 Investigation of this occurrence determined that
specified that any events reportable to offsite improved procedure documentation, training, and
agencies be classified as unusual. This require- communication of instructions was required.
ment was modified several months into the year
and fbr the remainder of the year only those leaks, Diesel Fuel Spill (RL-WHC-
spills and releases that exceeded state and federal WHC100ERD-1991-1002)
reportable quantities were classified as unusual.
Several unusual occurrences of environmental Approximately 25 gal (95 L) of diesel fuel were
significance are summarized below, leaked to the soil from a generator operating at a

core drilling site inside the 183-H Solar Evapora-
Off-normal environmental occurrences are re- tion Basins. It was initially thought that the leak
ferred to as "abnormal or unplanned events or was due to a loose fuel filter but a closer inspec-
conditions that adversely affect, potentially affect, tion revealed a crack in one of the fuel filter
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gaskets. This generator had recently been ser- Purgewater Discharge to the Ground
viced and was operating for the first time since (WHC-91-0008-183H)
servicing. A large volume of fuel escaped because

the unit was located out of' view of the employees Twenty gallons (76 L) of purgewater contaminated
working at the site and was not checked during with Cr "_were discharged to the ground ft'mn a
the shift. The leak was not discovered until the well at the 183-H Solar Evaporation Basins. A
end of the shift when the unit was being shut off. code letter indicating that this water should be
This incident could have been avoided ii' the filter contained was not included on the sample bottle
had been inspected befbre installation and the label so the field personnel did not know that con-
equipment had been periodically inspected dur- tainment was required. This omission was caused
ing operation. Cleanup was started immediately by huInan oversight and was compounded by the
and completed by 6:00 pm on the day of the use of an outdated checklist to generate the label

occurrence. Twenty-three drums of contaminated tbr the sample bottle. The nonroutine scheduling
soil were generated, of the sampling activity may have contributed to

the error. In the thture, all outdated lists of wells
Radiation Contamination (RL-WHC- requiring purgewater containment will be

PFP-1991-1020) destroyed, and computer generated labels will be
used for both routine and nonroutine sampling.

Personnel excavating two abandoned 2-in. (5-cre) Field personnel will also be required to verify tlm
stainless steel plutonium bearing transfer lines purgewater requirements for each well before
in an uncontrolled area outside the 241-Z Build- purging the weil.
ing at the Plutonium Finishing Plant were found

to be contaminated with low-level radiation. Ex- Alpha Release to the Atmosphere
cavation work was discontinued and preliminary (WHC-PUREX-1991-0223)
surveys were conducted when workers noticed

discolored soil as they were hand-digging down to Air samples collected from the main stack of the
the transfbr lines. A Health Physics Technician PUREX Plant in the 200-East Area indicated that

was instructed to enter the pit and remove soil alpha releases exceeded WHC weekly guidelines
fbr analysis. At that time the contamination during the week of February 8 to 15, 1991. Sub-

levels in the pit were determined to be 30,000 dpm sequent sampling continued to show higher than
beta/gamnm and 350,000 dpm alpha. As a pre- expected levels. Using worst-case assumptions,
cautionary measure, extensive surveys were con- preliminary calculations indicated that the total

ducted on all personnel and equipment associated weekly release ofea_Am (4.06 x 101='_tCi/mL), an
with the excavation. In addition to onsite (hcili- alpha emitter, was in excess of the established

ties and equipment, the personal vehicles and weekly limit of 2.0 x 10_e _tCi/mL. No regulatory
homes of the individuals involved were also in- limits had been or were expected to be exceeded.
spected. All results were less than detectable. At However, it appeared likely that the WHC Opera-
the request of a family member of one employee, tional Safety Requirement tbr annual releases
the State oF Washington Department of Health would be exceeded. The annual average concen-
also surveyed one home but no contamination tration limit tbi" '-'_'Am at the point o1' release to the
was detected. Analysis results for the soil sample environment is 2 x 10H MCi/mL. A contributing
obtained f'rom the pit indicated concentrations of' cause was probably floodwaters ('tom a fl'ozen,
"4_Am and ":'_'Pu at 5.3 x 10' MCi/g and 5.98 x broken pipe in the 293-A Building in January 1991
10" MCi/g, respectively. The pit was wet down (WHC-91-0035-PUREX), which carried radioactiv-
and covered with plastic to prevent the ,_spread of ity into a ventilation exhaust duct downstream of
contamination and a new radiation work permit the duct's filters. Actions undertaken to limit

was written requiring intermittent radiological additional releases included reducing khe air flow
surveys when excavation activities progressed to through the stack, cleaning up the contaminated
within 18 in. (46 eta) of any known piping, and/or ductwork, and increasing sampling ft'ore once a
any unknown piping or wiring is encountered, or week to every 24 hours. Routine monitoring has
abnormal soil coloration or conditions are indicated a return to normal levels of e_Am. The

discovered, final report fbr this occurrence had not been com-

pleted at the time this summary was prepared.
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3.0 Environmental Program Information

It is DOE policy to conduct its operations in an This section summarizes significant activities
environmentally responsible manner and comply conducted in 1991 to manage waste, restore con-
with applicable environmental standards. At taminated inactive waste sites and thcilities,
Hanford, a variety of environmental activities are develop new cleanup technologies, monitor the
performed tc) comply with laws and regulations, release of pollutants ft'ore facilities, conduct sam-
enhance environmental quality, and monitor the pling and analysis of' environmental media for
impact of environmental pollutants from Site pollutants, assess the status oi' wildlife and cul-

operations, tural resources, monitor the meteorology and
climatology of the Site, and conduct special

Section 2.0 summarized the status of Han_brd's environmental programs.
compliance with applicable regulations, activities
under way to achieve compliance, and programs
to manage and improve environmental quality.
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3.1 Environmental Restoration, Waste
Management, and Technology Development

The cornerstone and fl'amework for DOE's strat- Environmental Restoration

egy for department-wide environmental restora- Remedial Action Program
tion, waste management, and technology develop-

ment is the DOE Environmental Restoration and The ERRA Program was established to comply
Waste Management Five-Year Plan (DOE 1990bl. with regulations for characterization and cleanup
This annually updated document was reissued in

of inactive waste sites. The program specifically
August 1991. The DOE 5-year plan addresses includes identification and characterization of
overall philosophy and environment- and waste-

inactive sites, remedial design and cleanup ac-
related activities that are the responsibility of the tion, and post-closure activities of' inactive radio-
Office of Environmental Restoration and Waste active, chemically hazardous, and mixed waste
Man agement, sites.

The En_,ironmental Restoration and Waste Man- Ali of the waste disposal sites at the Hanfi)rd Site
agement Site-Specific Plan/br the Richland Op- have been grouped into 78 operable units. An
erations Office (DOE 1989b) implements and operable unit is a grouping of waste sites for
supports the DOE 5-year plan. This detailed conducting a remedial investigation and carrying
information volume is prepared so it can be used out remedial actions. Operable units form the
as a stand-alone document. The Hantbrd Site basis for planning, scheduling, budgeting, and
Five-Year Plan (DOE 1990bl is supported by two establishing the working order tbr some ot"the
companion documents, the Ovem,iew o['the environmental restoration milestones ibr the Tri-
Hanford Cleanup Five-Year Plan and the Party Agreement. Remedial investigations are
Han/brd Site Environmental Restoration and being conducted at 16 operable units to deter-
Waste Management Five-Year Plan Activity Data mine the need tbr remediation at these units.

Sheets (DOE 1990d/. The overview provides a The ERRA Program also initiated Expedited
general plan description, and the activity data Response Actions on three individual waste sites:
sheets provide supplemental data to the detailed the 618-9 Burial Ground, the 300 Area Process
information document. Trenches, and the 200-West Area carbon tetra-

chloride site. More than 40 drums containing
Environmental Restoration ova,. 5,678 L(1,500 gal)of solvent and u,'aniurn

were removed from the 618-9 Burial Ground,

The environmental restoration program has been preventing the liquid from eventually reaching
established to remediate inactive waste sites, and the ground water. Work was completed at the

to decontaminate and decommission surplus la- 300 Area Process Trenches where approximately
cilities. ]'he Hanford Site has established the 5,300 n? 17,000 yd:_ of contaminated soil were

following two major progTams for implementing removed and isolated. A pilot-scale carbon tetra-
these acti(ms: chloride vapor extraction unit was successihlly

demonstrated at the 200-West Area, and procure-
1. Environmental Restoration Remedial Action ment of a full-scale system was initiated.

ERRA) Program
Hanford Surplus Facilities Program

2. Hanford Surplus Facilities Program.
Many DOE-owned fhcilities at. the Hanford Site

Activities conducted within these programs are that were used tbr nuclear materials production
summarized in the tbllowing subsections, have been retired fl'om service and declared
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surplus. The Hanford Site Surplus Facilities Waste Minimization
Program manages these facilities tbr DOE. The

program provides tbr surveillance and mainte- The Hanlbrd Waste Minimization Program was

nance, as well as eventual decontaminati(m and designed to meet DOE Orders 5400.1 and
decommissioning oi' these [hcilities. 5820.2A, and DOE guidance, consistent with

EPA guidelines. The major elements of the pro-
The program manages about. 100 separate facili- gram are 1 ) management support; 2) employee
ties including large concrete and cement bh>ck training, awareness, and incentives; 3) program
structures that fiwmerly housed chemical separa- scope, objectives, and goals; 4) waste minimiza-
lions processes, decommissioned nuclear rear- lion assessments/audits; 5) accurate cost account-

tors, underground effluent water systems and ing; 61 accurate waste accounting; 7) technoh)gy
storage tanks, and ancillary I)uildings. Included transfer; and 8) program evaluation.
als() are the eight graphite-moderated plutonium

production reactors constructed between 1943 The program ti)cuses on preventing and minimiz-

and 1955. These reactors have now been shut ing the generation of waste. The program imple-
down tbr more than 20 years, meats a strategy to reduce the volume and toxic-

it3"of wastes that are nevertheless generated. In
Activities currently under way include surveil- order of priority, the program advocates waste

lance and maintenance of surplus facilities, prevention using source reduction and recycling
deconlmissioning oi'the 201-C Strontium techniques, treatment, and disposal of wastes.
Semiworks, and preparation of the tinal EIS, Wastes targeted tbr minimization include radio-
Decommissioning oi'Eight Surplus Production active (high-activity, transuranic, low-activity),
Reactors at the Hctn/iwd Site, Richland, Wct._h- radioactive mixed, hazardous, and nonhazardous

ington. The draft EIS tDOE 1989a), which has regulated wastes.
been released for public review, discusses various

alternatives ibr decommissioning these reactors. Requirements fi)r the Hanfi)rd Site program now
The final EIS and record of decision are scheduled include the ft)lh)wing:
to be published in FY 1992. Decommissioning of

the current inventory of surplus facilities by the • an an nual DOE waste reduction report (first
year 2018 is estinlated t() cost approximately issue to be completed in March 1992)
$1 billion.

• a biennial EPA wa,_te minimization report

Waste Management /completed in March 1991)

• an annual EPA source reduction and recyclingWaste management is the safe and effective man-
agement of active and standby fhcilities and the report attached to the SARA 313 Report (first
treatment, storage, and disposal of radioactive, issue to be completed in July 1992)
hazardous, and mixed waste. The waste manage-
ment goals of RL are to minimize the generation • an annual I)OE.-required Hanford Site and
of waste, and to maintain sat_; and environmen- contractor-specific waste minimization plan

tally sound programs ibr treatment, storage, and review and update (completed in May 1991 )
disposal of newly generated and stored wastes.
The Hanfbrd Site Five-Year Plan {DOE 1990b) • update of the Sitewide and specific RCRA

Part B permitsprovides de'roiled descriptions of the Site's waste
management progrmns and other activities. Sum-

mary descriptions of major programs and activi- • DOE-required process waste assessments
ties are presented here.
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• waste minimization and pollution prevention major waste streams will be discontinued by 1995
program plans (updated for the Hanlbrd Site either by stopping the discharge or treating the
and each contractor May and August 1991, effluent stream t,o remove contaminants. Tech-
respectively), nology for treating Lhe effluent streams is being

evaluated to determine which would best meet

Waste minimization efforts have reduced the regulatory requirements.
volume of wastewater discharged to process
trenches in the 300 Area of the Site by more than Stored Wastes
5.7 million L/d (1.5 million gal/d) to meet a Tri-

Party Agreement milestone. Modifications in- The major effort for cleanup of the Hanford Site
cluded installing closed-loop cooling, plugging will be the disposal of stored wastes generated
drains, lowering thermostats in steam-heated t_om past production operations. The strategies
buildings, using water in water-cooled equipment for handling and disposing of these wastes, as
only when required, and putting administrative well as newly generated wastes, have been docu-
controls in place where possible, mented through the National Environmental

Policy Act process. The resulting record of deci-
In addition, a multifunction Tank Space Manage- sion recommends implementing preferred alter-
ment Board consisting of plant managers was natives, described by the Final Environmental

established to review efforts to reduce wastes Irnpact Statement, Disposal of Hanford Defense
generated and sent to the tank farms for storage. High-Level, Transuranic and Tank Wastes (DOE
Task teams imposed maximum waste generation 1987b). The preferred alternatives recommend

limits ibr each plant, and approval from the Man- disposal of double-shell tank waste, retrievably
agement Board was necessary to exceed the es- stored and newly generated transuranic waste,
tablished volumes. The volume of liquid waste and encapsulated cesium and strontium waste as
av,fided through waste reduction efforts to date follows.
e::ceeds 22 million L (5.8 million gal).

Double-shel:, tank waute will be separated into
A paper recycling program has expanded to in- three fractions: high-activity waste, transuranic
clude 194 buildings onsite. In 1991, approxi- waste, and low-activity waste. The 28 double-
mately 150 tons of paper were recycled, shell tanks store more than 91 million L (2.4 x

107 gal) of radioactive liquid and slurry, much of
Soil Column Discharges which has been transferred and concentrated

from single-shell tanks. The high-acti-ity waste
A major strategy for the Hanford Site's waste and transuranic waste will be processed into a

management is to discontinue discharges of con- solid, vitrified material similar to glass and dis-
taminated liquid effluents to the soil column, posed of in a repository. The low-activity waste
Effluent streams containing hazardous and/or will be mixed with a cement-like material and
radioactive wastes will no longer be discharged or allowed to harden in near-surface concrete k
will be treated to remove contaminants before vaults.

discharge. Thirty-two liquid effluent streams

have been identified for which action is required. Solid transuranic waste that has been retrievably
This action is included as a milestone under the stored since 1970 or has been newly generated

Consent Order DE 91NM-177 and the Tri-Party will be sorted and packaged in the proposed
Agreement action plan. Waste Receiving and Processing Facility for ship-

ment to the Waste Isolation Pilot Plant (WIPP) in

A plan and schedule have been prepared in accor- New Mexico. WIPP certified transuranic wastes

dance with DOE Order 5400.5, "Radiation Protec- are currently being stored in the Transuranic
tion of the Public and the Environment," and Waste Storage and Assay Facility.
have been implemented to discontinue the dis-

posal of contaminated liquids into the soil at the Cesium and strontium capsules will continue to
Hanford Site. Discharge of contaminants in the be stored for eventual disposal in a repository.
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Th.e cesium and strontium were removed from technologies to solve environmental restoration

single-shell tank wastes to reduce heat genera- and waste management challenges.
tion; 1,577 cesium capsules and 640 _trontium

capsules were produced. There are currently The Office of Technology Development's program-
961 cesium capsules and 597 strontium capsules matic implementation strategy is founded on the
stored at the Hanford Site (41,718,000 Ci of ce- concept of integrated demonstrations, integrated
sium anJ 24,532,000 Ci of strontium), programs, and supporting technology programs.

An integrated demonstration is a cost-effective
For single-shell tank waste, transuranic-contami- mechanism that assembles a group of related and
nated soil sites, and pre-1970 buried, suspect, synergistic technologies. Their performance is
transuranic-contaminated solid waste, the recom- then evaluated individually and as part of a com-
mended strategy is to continue the development plete system in correcting environmental restora-
and evaluation of disposal technology before mak- tion and waste management problems from waste

ing a disposal decision. Wastes will continue to generation to disposal. An integrated program is
be stored in a manner that protects the environ- a group of research, development, and/or demon-
ment and human health, stration tasks that relate to a single environmen-

tal restoration or waste management issue or

Storage will continue until treatment and dis- function. Supporting technology programs, such
posal facilities are constructed and treatment as robotics and analytical laboratory manage-
processes are implemented. An environmental ment, are technical disciplines that support sev-
impact statement supplemental to DOE (1987b) eral integrated demonstrations and integrated
will be prepared for disposal of the single-shell programs.
tank wastes.

The technology development program is imple-

Technology Develonrnent mented at the Hanford Site through technical
program managers at both Pacific Northwest
Laboratory and Westinghouse Hanford Company.

The DOE Office of Technology Development was Two integrated demonstrations were assigned to
formed to consolidate and provide centralized the program managers for lead coordination:
management and oversight for research, develop- demonstrate technologies for stabilization and
ment, demonstration, testing, evaluation activi- remediation of underground storage tanks and
ties, and sl '-._:t to the Office of Environmental closure of high-priority single-shell tank RCRA
Restoration and Waste Management. The tech- sites; and provide technology options for the ex-
nology development activities are targeted pedited response action to remediate the carbon
toward coordination of new and more effective tetrachloride plume in the 200-West Area.
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3.2 Environmental Monitoring at Hanford

Environmental monitoring of the Hanford Site permit (No. PSD-X80-14) issued fox'the
consists of 1) effluent monitoring and 2) environ- Plutonium-Uranium Extraction (PUREX) and
mental surveillance. Effluent monitoring is per- Uranium-Oxide (UO:_)Plants, air emissions from
formed as appropriate by the Site operators at these facilities are monitored for nitrogen oxides.
the facility or point of release to the environment. At the PUREX Plant, the ma_n discharge stack is
Environmental surveillance consists of sampling continuously monitored. The calciner exhaust at
and analyzing environmental media on and off the UO_ Plant is equipped with a nitrogen oxides
the Hanford Site to detect and quantify potential monitor. In compliance with air quality stan-
contaminants and assess their environmental dards established by the Benton-Franklin-Walla
and human health significance. Walla Counties Air Pollution Control Authority,

particulate matter, sulfur oxides, nitrogen oxides,
The overall objectives of the monitoring programs carbon monoxide, and hydrocarbon emissions
are to demonstrate compliance with federal, from the powerhouses are reported. These emis-
state, and local regulations; confirm adherence to sions are calculated f_om tons of fuel consumed,
DOE environmental protection policies; and sup- using calculations approved by the U.S. Environ-
port environmental management decisions, mental Protection Agency (EPA). Emissions of

ammonia and ammonium hydroxide from the
The effluent monitoring and environmental sur- 200 Areas are reported annually to EPA Region
veillance programs are summarized in this sec- 10 if they exceed quantities listed in the Compre-
tion. Effluent monitoring data, environmental hensive Environmental Response, Compensation,
surveillance data, and dose assessment results and Liability Act (CERCLA).
appear in Section 4.0, "Environmental Monitor-
ing Information." Radioactive

Effluent Monitoring Radioactive releases are monitored by analyzing
• samples collected from stack or vent emissions

and liquid effluents. Samples are analyzed for
Effluent releases at the Hanford Site are re- total alpha and beta activity and specific radionu-
ported to the DOE Richland Field Office (RL) and clides. Continuous radiation monitoring systems
the public. Reporting these releases is required are used when the potential exists for releases to
by DOE Orders 5484.1, "Environmental Protec- exceed normal operating ranges by amounts that
tion, Safety, and Health Protection Information would require personnel to be alerted. Selection
Reporting Requirements," and 5400.1, "General of the specific radionuclides for sampling, analy-
Environmental Protection Program." Analytical sis, and reporting is based on 1) an evaluation of'
data on samples taken from effluent releases emissions expected from the known radionuclide
include the types and quantities of constituents, inventories in the facility, 2) criteria for sampling
both radioactive and nonradioactive, that facili- given in the contractor environmental compliance
ties discharge to the air, soil, and Columbia manual, and 3) the potential contribution to the
River. These data are evaluated to determine the offsite dose received by members of the public
state of compliance with applicable regulations, from radioactive effluent constituents.

Airborne Effluent Monitoring Liquid Effluent Monitoring

Nonradioactive Nonradioactive

Nonradioactive air pollutants from power- Liquid effluents from Site facilities discharge to
generating and chemical-processing facilities cribs, ponds, ditches, drain pipes, trenches, the
are moliitored. In compliance with the existing City of'Richland Publicly Owned Treatment
Prevention of Significant Deterioration (PSDI Works (from the 1100 Area), and the Columbia
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River (from the 100 and 300 Areas). Where des- Monitoring activities routinely include sampling
ignated discharge points exist for effluents to and monitoring near-facility ambient air, surface
enter the Columbia River, samples are collected water, ground water, external radiation dose,
to determine compliance with the National Pol- soil, sediment, vegetation, and animals. Some of

lutant Discharge Elimination System (NPDES) the parameters typically monitored are pH, water
permit for the Site. In the 200 Areas, liquid efflu- temperature, radionuclides, radiation exposure,
ent releases of ammonia and ammonium hydrox- and hazardous constituents. Samples are col-
ide in excess of reportable quantities are reported lected in known or expected effluent pathways.
to EPA Region 10 annually. These pathways generally are downwind of

potential or actual airborne releases and down-

Radioactive gradient of liquid discharges. The annual routine
activities of n¢._Lr-facility monitoring are sum-

Those effluents that normally or potentially con- marized in Table 3.1, which shows the type,
tain radionuclides include cooling water, steam quantity, and area location of samples collected.
condensates, process condensates, laundry waste-

water, and wastewater from laboratories and Liquid waste disposal sites and the terrain
chemical sewers. Samples from these wastewa- surrounding them are surveyed to detect and
ter streams are sampled and analyzed for radio- characterize any radioactive surface contamina-

nuclides present in the facilities where the tion. The locations of these surveys include cribs,
stream originated, trenches, drains, retention basin perimeters,

pond perimeters, ditch banks, solid waste dis-

Near-Facility Environmental posal sites (for example, burial grounds, trenches),

Monitoring unplanned release sites, tank farm perimeters,
stabilized waste disposal sites, roads, and fire-

Near-facility environmental monitoring is defined breaks in and around the Site operations areas.
principally as routine monitoring near Site facili- Radiological surveys are conducted at 391 sites in
ties discharging or having discharged radioactive the operations areas (100 in 100 Areas; 273 in
or hazardous contaminants. The monitoring lo- 200 and 600 Areas; 18 in 300 and 400 Areas)

(DOE 1991a).cations are associated mostly with major opera-
tions facilities, such as the PUREX Plant and

N Reactor, and waste disposal facilities, such as Environmental Surveillance
burial grounds, ponds, cribs, trenches, and

ditches. Environmental surveillance of the Hanford Site

and surrounding region is conducted to demon-

The purpose of the near-facility environmental strate compliance with environmental regula-
monitoring program is to ensure employee and tions, confirm adherence to DOE environmental

environmental protection and determine the sta- protection policies, support DOE environmental
tus of compliance with local, state, and federal management decisions, and provide information
regulations. Much of the program consists of to the public. Surveillance is conducted as an

collecting and analyzing environmental samples independent program under DOE Orders 5400.1,
and methodically surveying areas neaT' facilities "General Environmental Protection Program,"
releasing effluents. The program also evaluates and 5400.5, "Radiation Protection of the Public

acquired analytical data, determines the effec- and Environment," and the guidance in Environ-

tiveness of facility effluent monitoring, measures mental Regulatory Guide for Radiological Efflu-
the adequacy of containment at waste disposal ent Monitoring and Environmental Surveillance

units, detects and monitors unusual conditions, (DOE 1991a). The scope, objectives, criteria,
and identifies needed upgrades to effluent moni- design, and description of the program are sum-
toting capabilities. The program complies with marized below and provided in detail in Environ-

applicable portions of DOE Orders 5400.1; 5484.1; mental Monitoring Plan, United States Depart-
5400.5, "Radiation Protection of' the Public and ment of Energy, Richland Field Office (DOE
the Environment;" and 5820.2A, "Radioactive 1991b).
Waste Management."
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Table 3.1. Near-Facility Routine Environmental Samples and Locations

Samples Total 100 Areas 200 Areas 300/400 Areas

Air 38 4 34
Surface Water 37 22 15
Ground Water from

Monitoring Wells 110 20 89 1
External Radiation

Monitors 289 213 61 15
Soil 157 32 110 15

Vegetation 95 40 40 15

Scope assess the environmental and public health
impacts of Hanford operations

Site surveillance encompasses sampling and
analysis fbr potential radiological and chemical identify and quantify potential environmen-
contaminants on and off the Hanford Site. Eta- tal quality problems

phasis is placed on surveillance of those pathways
and radionuclides, or chemicals, constituting the - provide information to DOE for environmen-
greatest pctential risk to humans. Surveillance tal management of the Site, and for the pub-
is focused on routine releases from Hanford's lic and regulatory agencies.

DOE operations, out also reflects the need to
respond to unusual releases and the existence of Criteria
non-DOE nuclear operations on or near the
Hanford Site. Surveillance results are formally The criteria for environmental surveillance ,_=
reported annually through this report series, derived from DOE Order 5400.1, guidance pub-
although unusual results or trends also are lished for DOE sites (DOE 1991a) and the above-
reported to DOE and the appropriate facility stated objectives. These criteria, pathway analy-
managers when they occur. Whereas effluent ses to determine the radionuclides and media
and near-facility monitoring is conducted by the contributing to the dose to humans, and local
facility operating contractor, environmental sur- needs and interests have been used in establish-
veillance is conducted under an independent ing the surveillance program. Experience gained
program, from environmental surveillance activities and

stu_lies conducted at Hanford for more than

Objectives 45 _ _ars have provided valuable technical back-
ground for planning and data interpretation.

Key surveillance objectives in 1991 included:
Surveillance Design

• verifying compliance with DOE and EPA ra-

diologica] dose standards for public protection Environmental surveillance at Hanford is de-
signed to meet th_, previously listed objectives,

• measurir, g radionuclides, radiation, and considering the environmental characteristics of
chemicals in the onsite and offsite environ- the Site and its operating facilities. Its main
ment to focus is on determining environmental impacts

and compliance with public health standards
- independently assess the adequacy of facil- rather than on detailed radiological and chemical

ity pollution controls characterization.
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The primary pathways for movement of radioac- prior studies and observations of' radionuclide

tive materials and chemicals from the Site to the and chemical movement through the environ-
public are the atmosphere, surface water, and ment and food chains. Calculations based on

ground water. Figure 3.1 illustrates these poten- effluent data show the expected concentrations
tial primary routes and the possible exposure oft the Hanford Site to be low for most radionu-
pathways to humans. The significance of each clides and generally below the level that can be
pathway is determined from measurements and detected by monitoring technology. To ensure
calculations that estimate the amount of radioac- that radiological analyses of samples are suffi-
tive material transported along each pathway ciently sensitive, minimum detectable concentra-
and by comparing the concentrations or dose to tions of key radionuclides in air, water, and food
environmental and public health protection start- are established at levels well below the levels
dards. Pathways are also evaluated based on that correspond to the standards.

Atmospheric
Release

Inhalation
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Environmental and food-chain pathways are releases. There/hre, in nearly all instances, po-
monitored near the facilities releasing effluents tential offsite doses are estimated using environ-
and at offsite receptor locations. The surveillance mental pathway models that calculate concentra-
design at Hanford uses a stratified sampling ap- tions of radioactive materials in the environment
proach to monitor these pathways. Samples are from effluent releases reported by the operating
collected and radiation is measured according to contractors.
three surveillance zones that extend from onsite

operating areas to the offsite environs. Program Description

The first zone extends from near the operating The surveillance program in 1991 utilized both
facilities to the Site perimeter. The environmen- measurements and modeling to assess the effects
tal concentrations of releases from facilities will of Hanford operations. Key media and locations
generally be the highest in this zone and will be were sampled and the samples analyzed for
most easily detected before being transported off selected contaminants according to a predefined
the Site. The second surveillance zone consists of sampling plan. The data were interpreted
a series of perimeter sampling stations positioned primarily in terms of combined radiological
near or just inside the Site boundary. Data from exposure from all pathways and by comparing
these stations document or represent conditions chemical contaminants to standards.
at the nearest points at which members of the

public reside or could reside. Exposures at these In the first zone, between the facilities and the
locations are typically the maximum that any perimeter, air monitoring stations were located
member of the public could receive. The third around each operating area (see Figure 4.1) be-
surveillance zone consists of nearby and distant cause air transport is a potential key pathway for
community locations within an 80-km (50-mi) transport of radioactive materials off the Site.
radius of the Site. Surveillance is conducted in Surface-water impoundments potentially acces-
communities to provide measurements at those sible to wildlife and drinking water sources were
locations where the most people are potentially also sampled (see Figure 4.7). Ground water was
exposed and to provide assurance to the commu- sampled from wells located near operating areas
nities that levels are well below standards estab- and along potential transport pathways (see Fig-
lished to protect public health, ures 5.2 through 5.5). In addition to air and wa-

ter surveillance, samples of soil, native vegeta-
Finally, background concentrations are measured tion, and wildlife were collected (see Figures 4.28
at distant locations and compared with onsite, and 4.31). Radiation wa_ measured to determine
perimeter, and community locations as an indica- the effectiveness of effluent controls and ascer-

tor of the effects of Hanford operations. Back- tain any long-term build up of contaminants from
ground locations are locations that are essentially past and current operations (Figures 4.35, 4.36,
unaffected by Hanford effluents, but which could and 4.38). Selected onsite roads and rails were
be expected to contain low levels of natural and also surveyed (see Figure 4.39).
nuclear testing fallout nuclides in environmental

media. In the second or perimeter zone, air monitoring
stations, radiation measurement locations and

To the extent possible, radiation dose assess- ground-water surveillance wells were located
ments should be based on direct measurements of near or just inside the Site boundary. Both haz-
radiation dose rates and radionuclide concentra- ardous chemical and radiological contaminants
tions in the surrounding environment. The are measured in ground-water samples. Agri-
amounts of most radioactive materials released culture is an important industry near the Site;
in recent years have generally been too small to therefore, milk, crops, soil, and native vegetation
be measured directly once they were dispersed in are monitored (see Figures 4.23 and 4.31) to
the offsite environment. For many of the mea- detect any influence from Hanford on locally
surable radionuclides, it is often not possible to produced food and farm products. The Columbia
distinguish levels that resulted from worldwide River is included in the second zone. River water
fallout from those that resulted from Hanford is monitored upstream of the Site at Priest
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Rapids Dam and at Richland, Washington, where as the new analytical contractor finished the

it is used for public drinking water. Water backlog of samples following termination of the

pumped from the Columbia River for irrigation is prior analytical contract.
also monitored.

Surveillance is conducted under established qual-

Surveillance in the third zone, consisting of ity assurance plans and written procedures.

nearby and distant communities, includes air, Sample scheduling, accountability, data storage,

soil, water supplies, vegetation, and tbod prod- and data screening were managed and controlled

ucts sampling, and radiation measurements, by computerized systems. Laboratory analyses of

samples for radioactivity and chemicals were

Table 3.2 summarizes the geographic distribution conducted principally by International Technol-

of scheduled sample types and measurement loca- ogy Corporation, the Pacific Northwe._t Labora-

tions. Details of sampling locations, frequencies, tory, and the Hanford Environp _calth

media and analyses, and significant results of Foundation, all in Richland, W_ .... ,ag on. Se-

scheduled and special sampling are discussed in lected river water quality and chemistry analy-
Section 4.0, "Environmental Monitoring !nforma- ses, and temperature and flow meas,,,rements

tion." Most 1991 samples were analyzed and are were performed by the U.S. Geological Survey,
reported. Some samples remained to be analyzed Denver, Colorado.

Table 3.2. Environmental Surveillance Sample Types and Measurement Locations, 1991

............... Sample__Locations ........................
Columbia River

Total Site Nearby Distant COES'"' Hanford
Number Ons!te Pe rimete r Communities. Communities Stat!0_ns Upst!:eam Reac.h Downstrea_p

Air 50 23 13 8 3 3
Ground Water 528 528
Springs 3 3
Columbia River 4 2 1 1
Irrigation Water 1 1
Drinking Water 13 8 5't''
Columbm River

Sediments 6 1 3 2
Ponds 3 3
Foodstuffs 13 6 5 2
Wildlife 13 9 1 3
Soil and

Vegetation 46 29 11 1 5
TLDs ''_ 73 28 31 'd' 8 3 3
Waste Site

Surveys 75 75
Railroad/Roadway

Surveys 17 16 1
Shoreline Surveys 14 14
Aerial Survey l 1

(a) Community-Operated Environmental Surveillance Stations.
(b) Includes fbur offsite water supplies.
lc) Thermoluminescent dosimeters.
!d) Includes locations in and along the Columbia River.
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3.3 Environmental Studies and Programs

Wildlife Resources 60

Wildlife populations inhabiting the Hanford Site 50
are monitored to measure the status and condi-

tion of the populations and assess effects of'Han- _ 40 -
fbrd operations. Particular attention is paid to u_
species that are rare, threatened, or endangered

nationally or statewide and those species that are _ 30 -

of commercial, recreational, or aesthetic impor- _ a t _]tance statewide or locally. These species include Z
the bald eagle, chinook salmon, Canada goose, _ 20 -

several species of hawk, Rocky Mountain elk,
mule deer, white pelican, and other bird sp_.cies. | ..I

10

Fluctuations in wildlife and plant species on the

Hanford Site appear to be a result of natural eco- , ...... _ .... _ .... , .... , ,
logical factors and management of the Columbia 01960 1965 1970 1975 1980 1985 1990
River system. The establishment and manage-
ment of the Hanford Site has had a net positive s92030ss2_
effect on wildlife relative to probable alternative

uses of the Site. Figure 3.2. Bald Eagles Observed Along the
Hanford Reach, Fall and Winter Months

Bald Eagle
The number of bald eagles wintering along the

Bald eagles are listed by the U.S. Fish and Hanford Reach varies each year in response to
Wildlife Service as endangered in most states weather and food availability elsewhere in east-
and as threatened in the State of Washington. ern Washington. The Hanford Reach is expected
Historically, bald eagles have wintered along the to continue providing wintering habitat, as long
Hanford Reach of the Columbia River. However, as the critical resources such as fbod, perches,
when monitoring began in the early 1960s, num- and relative freedom from human activities are
bers were very low (Figure 3.2). Following tile maintained.
passage of the Endangered Species Act in 1973,
the number of win:_,ring bald eagles increased. Chinook SalmonPossible reasons for the observed increase are

the added protection of bald eagles at nesting
locations off the Hanford Site and the nationwide Chinook salmon are an important resource to

elimination of DDT as an agricultural pesticide the citizens of Washington. Salmon are caught
in 1972. On a local scale, changes in the number commercially and for recreation. The commer-

cial and recreational catch is carefully managedof eagles on the Hanford Site generally corre-
to sustain the resource. Today the most impor-spond to changes in the number of salmon car-

casses, a major fhll and winter fbod source for tant natural spawning area in the mainstream
eagles (Figure 3.2). Most of the eagles using the Columbia river for the fall chinook race is found
Hanford Reach are concentrated in the section in the free-flowing Hanfbrd Reach. In the early
between the abandoned Hanfbrd townsite and years of the Hanford Site, there were few spawn-
the 100-K Area. ing nests (redds) in the Hanford Reach (Figure 3.3).
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10,000 Reach has recently surpassed the high levels
observed during the early 1950s. The gradual

_l_ decline observed in the late 1960s and early
1970s is attributed to persistent coyote predation,8,O0O

_ mostly on the Columbia River islands upstream
from the Hanford townsite. Since the 1970s, the

center of the nesting population has shifted from6,000
o upstream to downstream islands near Richland,
_9

_ which in recent years have been relatively free
E ft'or, coyote predation.

4,000

_ Canada goose populations are successful on the
Hanford Reach because the islands are restricted

2,000 from human uses during the nesting period and

because shoreline habitats provide adequate foodand cover for broods (Eberhardt et al. 1989).

1940 1950 1960 1970 1980 1990 Hawks
$9203058.22

The undeveloped lalid of the semiarid areas of
Figure 3.3. Chinook Salmon Spawning Redds in the Hanford Site provides nest sites and food for
the Hanford Reach three species of migratory buteo hawks: Swainson's,

red-tailed, and ferruginous. Under natural con-

In the years between 1943 and 1971, a number ditions, these hawks nest in trees, on cliffs, or on
the ground. Powerline towers and poles also canof dams were constructed on the Columbia River.

The reservoirs created behind the dams elimi- serve as nest sites. The ferruginous hawk is a

nated most mainstem spawning areas and in-
creased salmon spawning in the Hanford Reach. 350
Fisheries management strategies aimed at main-
taining spawning populations in the mainstem
Columbia River have also contributed to the 300 -
observed increases. In recent years, numbers

of fall chinook salmon spawning in the Hanford _ 250
Reach have declined consistent with reduced _

run sizes returning to the Columbia River. The
number of salmon varies each year depending on _ 200

hatching success, survival of downstream juve-
niles, and the size of the commercial and recrea- _ 150
tional catches. The Hanford Reach under exist-

ing management practices continues to provide
valuable salmon spawning habitat. _ 100

Canada Goose 5o

Nesting Canada geese are valuable recreational 0 ......... ' ....... _, i,, _, ,, ,,, I ......... a,
and aesthetic resources along the Snake and 1950 1960 1970 1980 1990
Columbia rivers in eastern Washington. Goose
nesting surveys began in the 1950s to monitor s920305823
changes in response to reactor operations (Fig- Figure 3.4. Canada Goose Nests on Islands in
ure 3.4). The nesting population in the Hanford the Hanford Reach

o
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U.S. Fish and Wildlife Service candidate species 133, before the 1991 offsite hunting season (Figure
ibr listing as threatened and/or endangered. In 3.6). With a regulated hunting season on private
recent years, the number of ferruginous hawks lands adjoining the ALE Reserve, the elk popula-
nesting on the Hanford Site has increased (Fig- tion appeared to be holding at less than 100 ani-
ure 3.5). Hawks raised on the Hanford Site die mals until the spring of 1990. However, compara-
during offsite migration and while wintering on tively few elk were killed during the 1990 and 1991

ranges far from the Hanfbrd Site. The Site con- of&ite hunting seasons, and the herd has expanded
tinues to provide hawk nesting habitats admini- to its current population of 119 animals.
stratively protected from human intrusions, as
well as providing suitable tbraging areas. The Elk are successful on the ALE Reserve because

sharp declines in red-tailed and Swainson's hawk of 1) available forage without competition from
nests in the late 1980s are probably not a result domestic livestock; 2) unrestricted access to
of Hanford Site activities because the number of drinking water at springs located on the ALE
nests for the very sensitive ferruginous hawk did Reserve; 3) relatively mild winters; 4) ability to
not decline (Figure 3.5). Decreases in nesting accommodate extreme summer temperatures,
red-tailed and Swainson's hawks were probably even in the absence of shade; and 5) absence of
related to impacts that occurred during their hunting on the Site.
migration and/or while they were on their win-
tering grounds. Mule Deer

Rocky Mountain Elk Mule deer are a common resident of the Hanford

Site and are important because of the recreational
Rocky Mountain elk did not inhabit the Hanford (offsite hunting) and aesthetic values they provide.
Site when it was established in 1943. Elk appeared Because mule deer have been protected from
on the Arid Lands Ecology (ALE) Reserve in the hunting on the Hanford Site for approximately
winter of 1972. A few animals stayed and repro- 50 years, the herd has developed a number of
duced. The greatest number of elk recorded was

140

4O

--@-- Swainson's 120-- --0- Post-Calving

--k- Red-Tailed _ --_- Post-Hunting
100 -

_° 30- _g_ Ferrugin°us / _ , _ 80-

2; 20
0 _

_ 40

10

20 _

..... 1975 1980 1985 1990

1975 1980 1985 1990 $9203058.25

$9203058.24 Figure 3.6. Elk on the Hanford Site Counted by
Aerial Surveillance During the Post-Calving

Figure 3.5. Red-Tailed, Swainson's, and Ferrugi- Period: August Through September; and the
nous Hawks on the Hanford Site Post-Hunting Period: December Through

January
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unique population characteristics that are in contains large contiguous areas of relatively
contrast to most other herds in the semiarid undisturbed shrub-steppe habitat that provides
region of the Northwest. These characteristics nesting habitat for these birds. To determine
include a large proportion of old-age animals the spatial distribution and relative abundance
and large-antlered males. This herd provides a of species of special concern (sage sparrows, sage
unique opportunity for compaiison to other more thrashers, loggerhead shrikes, and long-billed
heavily harvested herds in this region, curlews), two transects have been monitored on

the Hanford Site over the past 4 years using U.S.
Because of the unique nature of the herd and Fish and Wildlife Service procedures. These tran-
high degree of public interest, a study was ini- sects cross a variety of habitats including rela-

tiated in 1990 to 1) obtain estimates of the num- tively undisturbed shrub-steppe, recently burned
ber of deer on the Hanford Site, 2) determine the shrub-steppe, and agricultural fields that were
extent and frequency of offsite movements by abandoned in the early 1940s and are now domi-
Hanford Site deer, and 3) evaluate the level of nated by cheatgrass.
•'°Sr in deer from the 100 Areas (see Section 4.5,

"Wildlife Surveillance"). The only shrub-steppe species of special concern
that nested in the abandoned fields was the long-

Thirty-six mule deer were captured and fitted billed curlew. The sage thrasher was seldom seen
with ear tags and/or radio collars in 1990 be- along both transect routes, which is in agreement
tween the Hanford townsite and the N Reactor. with other studies of shrub-steppe birds that indi-
Frequent offsite movements were made by these cate that sage thrashers are not abundant in low-
deer during the year, and one animal was killed elevation shrub-steppe habitats. Sage sparrows
by a hunter during one of these movements. In were most common in places that supported
general, the mule deer population on the Hanford stands of sagebrush which had escaped burning
Site appears to be healthy. The numbers of deer by recent wildfires. Loggerhead shrikes were
on the Hanford Site do not appear to have changed less plentiful than sage sparrows and occurred
dramatically over the last few decades, and many in places that supported either sagebrush or
very old (>5 years) animals are present, bitterbrush shrubs.

White Pelican The lower elevations of the Hanford Site provide
habitat suitable for viable populations of long-

Historically, the white pelican has visited the billed curlews, sage sparrows, and loggerhead
Hanford Reach of the Columbia River in small shrikes but not sage thrashers. The long-billed

numbers each winter. This large, fish-eating bird curlew nests on the ground and is not dependent
has only recently been listed by the Washington on desert shrubs for nest placement. However,
State Department of Wildlife as endangered, sage sparrows and loggerhead shrikes place their
Therefore, they have not been monitored as nests in the branches of desert shrubs; thus, the

extensively as bald eagles. Many of the features loss of sagebrush and bitterbrush shrubs through
of the Hanford Reach that make it attractive to burning is detrimental to these species.

wintering bald eagles also make it attractive to

white pelicans. Special Plants and Invertebrate
Animals

Shrub-steppe Birds of Special

Concern The Washington Natural Heritage Program
(1990) has identified three species of vascular

The Washington Department of Wildlife has plants that c(,uld be jeopardized by construction
listed several shrub-steppe birds as species of and/or cleanup activities pertbrmed on the Han-
special concern because their populations have ford Site. These species are Columbia yellow-
been diminished by massive losses of native cress, Columbia milk vetch, and Hoover's desert

shrub-steppe habitat as a result of expanding parsley. Columbia yellowcress is listed as an
agriculture and urbanization. The Hanford Site
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endangered taxon in Washington State. It occurs Historic Preservation Act, the Archaeological
along the shoreline of thc Columbia River on the Resources Protection Act, and the American In-
Hanford Site. Columbia milk vetch is listed as a dian Religious Freedom Act.
threatened taxon and occurs on dry land of the
Hanford Site upstream from the Vernita Bridge. Pursuant to Section 106 of National Historic

Hoover's desert parsley, also listed as a threatened Preservation Act, cultural resource reviews are

taxon, occurs on talus slopes of the Hanford Site conducted before each proposed ground-disturb-
in the same general area as Columbia milk vetch, ing or building alteration/demolition project on

the Hanford Site. During the FY 1991, Hanford
The U.S. Fish and Wildlife Service lists the Colum- contractors requested 102 such reviews, 22 of
bia pebblesnail and shortface limpet as candidate which required archaeological surveys. The
species for protection as threatened or endangered surveys covered a total of 302 ha (746 acres)

species. Both inhabit the Hanford Reach of the and resulted in discovery of 18 prehistoric
Columbia River and appear to have been wide- archaeological sites and four historic archaeo-
spread historically in the mainstem Columbia logical sites. Projects were relocated to avoid

River Basin before the installation of dams. Both any potential impact to two significant sites
species are now apparently reduced within the near the 300 Area.
Columbia Basin to isolated populations that are

separated by large areas of unsuitable habitat. The archaeological site monitoring program, de-
vised to comply with Section 110 of the National

Only two sizable populations of Columbia pebble- Historic Preservation Act, is designed to deter-
snail remain: those in the Methow and Okanogan mine the current condition of cultural resources,
rivers of north central Washington. Neither of and thus to determine whether RL's cultural

these larger populations are protected. Smaller resource management and protection policies are
populations survive in the Hanford Reach and effective. Results of monitoring are used in plan-

elsewhere. Eecause of the lack of habitat protec- ning cultural resource site management and pro-
tion and the substantial reduction in the species' tection. Following procedures established in the
historical range, the Columbia pebblesnail will Hanford Cultural Resources Management Plan
probably be listed federally as endangered. (Chatters 1989), staff monitored the condition of

41 sites. The conclusions from this year's moni-
Currently, large populations of shortface limpets toring are very similar to those of previous years.
persist in four streams: the Deschutes River, Natural erosive processes are the most signifi-
Oregon; the Hanford Reach of the Columbia cant factors impacting the majority of sites and
River, Washington; Hells Canyon, Idaho and could be reduced by revegetation. Sites outside
Oregon; and the Okanogan River, Washington. the security fence continue to receive the heaviest
Smaller populations exist elsewhere. While impacts from looters and vandalism. A more

substantial range reduction has occurred in recently recognized impact on sites inside and
this species, and the large populations are not outside the security perimeter is wind erosion
protected, the shortface limpet will probably be enhanced by off-road vehicle use.
listed f_derally as threatened.

Two cultural properties were evaluated for their

Cultural Resources eligibility to the National Register of HistoricPlaces. Test excavations were conducted at a

hunting blind and kill site in the Gable Butte

The Hanford Cultural Resources Laboratory vicinity dating within the last 2000 years. Re-
(HCRL) was established by RL in 1987 as part sults of this effort are being used to support the
of the Pacific Northwest Laboratory. The HCRL nomination of the Gable Mountain/Gable Butte

provides support tbr managing the archaeological, Archaeological District to the National Register.
historical, and cultural resources of the Hanford Also, a Request tbr Determination of Eligibility
Site in a manner consistent with the National was prepared for the White Bluffs Road, an
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ancient Native American trail and ft'eight road provided through weather tbrecasti,:g and the
important to the settlement oi' central maintenance and distribution of climatological
Washington. The Washington State Historic data. Forecasting is provided to help manage
Preservation Officer determined that the road weather-dependent operations. Climatological
was eligible tbr the National Register oi' Historic data are provided to help plan weather-dependent
Places. activities and are used as a resource to assess the

environmental effects of' operations.
Activities for the cultural resources education pro-
gram included presenting lectures to groups of ali The weather in 1991 was warmer and slightly
ages and developing a series of displays to be used wetter than normal. In fact, 1991 was the sixth
in Hanford Site facilities for worker education, consecutive year with an above-normal annual
Lectures were presented to groups ranging ft'om average temperature. The average temperature
primary school rockhounds to civic groups, and tbr 1991 was 12.6°C, 0.7°C above normal (11.9°C).

two local television spots featured the HCRL or Seven months during 1991 were warmer than
its activities, normal, each averaging at least 0.6°C above nor-

mal. Four months were colder than normal, each

The archaeological survey of areas of the Hanford averaging at least 0.5°C below normal. February
Site that are not targeted for development is a (a record warm month) and December had the
requirement of Section 110 of the National His- largest positive departures, both 3.6°C above
toric Preservation Act and of 1988 amendments normal; while June, at 2.3°C below normal, had
to Archaeological Resources Protection Act. The the largest negative departure.
Hanford Cultural Resources Management Plan
specifies that a 10% stratified random sample of Precipitation for 1991 totaled 17.1 cm (6.75 in.),
Hanford Site lands will be surveyed to refine an 108% of normal [15.9 cm (6.3 in.)], with only
existing model of archaeological site distributions. 14.5 cm (5.7 in.) of snow [compared to an annual
Twenty sample plots covering 3.2 km _ (1.24 mi 2) normal of 35.1 cm (13.8 in.)]. Because 1991 was
were surveyed in FY 1991. Fourteen archaeologi- warmer than normal, with above normal precipi-
cal sites and ten isolated artifacts were recorded, tation, and no significant cold outbreaks, little

adverse impact to either flora or fauna would be
Research activities were conducted when possible anticipated.

as part of compliance work. These included col-
lection and analysis of data from the 2,100-year- During 1991, meteorological conditions effecting
old Tsulim bison kill site. Studies of the land- atmospheric diffusion were more typical of clima-
scape and tooth and shell fragments from the site tological normals. Average wind speeds during
revealed that during December or January, hunt- the months of January, February, November, and
ers drove a bison herd into the apex of a parabolic December (typically the lowest of the year) were
dune, where they killed and butchered eight ani- near or below climatological normals, whereas
mals (Chatters et al. 1992). Research activities during 1990 they were considerably higher than
also included modeling of fishing site distributions, normal for these months, and in fact, were the
which showed that salmon behavior and channel highest speeds of the year. This decreased the
shape could be used to accurately predict the incidence of fog and stagnant air conditions dur-

location of fishing sites on Hanford (Gard 1992). ing 1990 to near record lows, and allowed fbr
much better dispersion than normal.

Meteorology- and Climatology The average wind speed Ibr 1991 was 11.9 km/h,

of the Hanford Area (7.4 mi/h), 0.5 km/h (0.3 mi/h)below normal, and
the peak gust for the year was 98 km/h (61 mi/h)
recorded on March 3. Figure 3.7 shows the 1991

Meteorological measurements are conducted to wind ro_es (diagrams showing direction and frc-

support 1) Hanford Site emergency preparedness quencies oi' wind) for meteorological monitoring
and response, 2) atmospheric dispersion calcula- stations located on and around the Hanford Site.
tions, and 3) Hanibrd Site operations. Support is
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Figure 3.7. Hanford Meteorological Monitoring Network Wind Roses for 1991. Individual lines indi-

cate direction from which wind blows. Length of line is proportional to frequency of occurrence from
a particular direction.
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Table 3.3 provides monthly climatological data Technical work for 1991 consisted of evaluating
from the Hanford Meteorology Station for 1991. data from the first phase, restructuring models

to enhance their capabilities, developing detailed

Hanford Environmental estimates of'releases of radioactive materials,
and identifying, acquiring, and evaluating addi-

Dose Reconstruction tional information needed to produce estimates.

oj This information is being developed for thePr ect 1_ counties highlighted in Figure 3.8, for major
exp,)sure pathways, ;ltad tbr the full history of

In 1987. aI'l(,r receiving a rec(m_mendati(m by the Hanfbrd Site--1944 through 1991.
the ttanford Health Effects Review Panel the

previous year, DOt!: directed PNI, to begin the I_ addition to work being pertbrmed at PNL,
H antbrd Environmental l)ose Reconstruction eight northwest Native American tribes are con-
iHEDR ) Project. (The Hanfbrd Health Effects ducting research to support dose estimates/br
Review Panel had been framed to consider the their tribal members.
potential health implications of historic Hanford

Site releases of radioactive materials.) The objec- Future plans include the use of more complete
tire of the HEDR Project is to develop estimates dose models to make more refined estimates of

of the radiation doses that people may have re- doses to individuals sharing a common set of char-
ceived from Hanford operations. An independent acteristics in each of the i9 counties. This work

Technical Steering Panel was selected by the Vice is scheduled to be completed by September 1993.
Presidents lhr Research at major universities of'
Washington and Oregon to direct the work of the
project. The 18-member panel consists of experts Community-Operated
in various technical fields relevant to HEDR Proj- Environmental Surveillance
ect work and representatives from the states of
Washington, Oregon, and Idaho; Native Ameri- Stations
can tribes; and the public. In 1991, responsibility

for managing the HEDR Project transferred to
A community-operated environmental surveil-

the U.S. Department of Health and Human Ser-
lance program was initiated in 1990 to increase

vices through the Center tbr Disease Control.
the public's involvement in and awareness of

The Technical Steering Panel will continue its
Hanford's surveillance program, lt is hoped thatrole as the technical director of the work.
this program will increase public understanding
of surveillance results, provide a mechanism for

In 1990, scientists completed the first phase of
the public to raise surveillance issues, and faeili-

the HEDR Project, which was to determine
tate public education.

whether enough information of sufficient quality
existed to develop and demonstrate a dose-esti-

Three community-operated environmental sur-
mating method. The product of this phase was

veillanee stations began operation in March 1991.a set of more than 20 documents that describe:
The stations are located downwind of the Hanfbrd

Site at Basin City Elementary School in Basin City,
• the preliminary infbrmation found or recon-

structed Edwin Markham Elementary School in north
Franklin County, and Leslie Grow._s Park in
Richland (see Figure 4.1). Local residents have

• preliminary dose-estimating models and com-
access to the monitoring stations to observe the

puter codes instruments and results.

• preliminary estimates of dose and their uneer- Schools use the stations in their science cur-
tainties tbr representative individuals who
may have lived near the Hanford Site during ricula. Local teachers manage the stations and
early years of operations, have been trained to operate them. The station
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Figure 3.8. Covnties and Native American Tribes Considered in Estimating Doses from Past Hanford
Operations in the Hanford Environmental Dose Reconstruction Project

managers collect samples and submit them for Other Environmental
laboratory analysis. Staff from PNL work with

the station managers to maintain the equipment Activities
and coordinate sampling and analytical proce-
dures with Hanford Site environmental surveil-

lance operations. Other significant environmental activities during1991 included continuation of a Hanford Site land

use planning initiative, the continuation of aResults from these stations are discussed in Sec-
National Park Service study to consider environ-tions 4.2, "Air Surveillance," and 4.7, "External

Radiation Surveillance." mental protection alternatives for the Hanford

64



Envir(mmental Studies and Programs

Reazh, and environmental reviews under the to study Columbia River water quality, fish
National Environmental Policy Act. Each of health, and environmental monitoring activities
these activities is summarized in Section 2.0, conducted at Hanfbrd. As part of the work, a "hot
"Environinental Compliance Summary." line" was set up to receive reports on and collect

fish with diseases or defbrmities. Three fish

An education outreach program was established were collected in the summer and taken to the
with the Yakima Indian Nation in 1991. This U.S. Fish and Wildlife Service tbr evaluation.

program provided an opportunity fbr a student

65



Environmental
Mon itori ng
Information

,lm,



4.0 Environmental Monitoring Information

Environmental monitoring of the Hanford Site (95C4:) that the actual result is within the uncer-
consists of effluent monitoring and environmen- tainty range. When the uncertainty is equal to
tal surveillance. Section 3.2 described the Site (100¢9,) or larger than the result, the actual value

effluent monitoring and environmental surveil- may be zero. The Helpfhl Information section at
lance programs. Section 4.0 describes the results the beginning of this document is provided fbr' the

of these monitoring and surface surveillance pr()- reader desiring thrther explanation of the nota-
grams for 1.991 and includes an assessment of' tion, units, and type of information being
potential radiation doses from all pathways, reported.
Subsurface, or ground-water, surveillance is dis-
cussed in Section 5.0. Quality assurance and The environmental surveillance data presented
control fbr monitoring programs are discussed in in the following sections are summaries prepared
Section 6.0. to describe the range of conditions observed dur-

ing the year in different locations. Detailed re-

In many places, the uncertainty of a result is sults by specific sampling location are contained
reported in the units of the measurement or"as a in a data volume, Hanford Site Envir(mmentcll
percentage. When attempting to measure ex- Data 1991--Sur/b, ee and Columbia Rivet" (Bisping
tremely small quantities, uncertainties become 1992).
lm'ge. Statistically, there is a high probability
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4.1 Effluent Monitoring

Radioactive and nonradb_active effluent liquids, • The 300 Area primarily contains laboratories,
gases, and solids are monitored when released research facilities, and a steam plant. Radio-
from or disposed of at the Hanford Site. Facility active emissions arise from research and devel-
operators monitor effluents mainly through sam- opment activities. Nonradioactive emissions
pling and analyzing. The effluent data gathered originate fYom the steam plant. During 1991
from monitoring activities are evaluated to deter- there were 39 radionuclide and 3 nonradioac-
mine the degree of compliance with applicable tive airborne emission sources in the 300 Area.
federal, state, and local regulations and permits. The N Reactor Fuel Fabrications Facility, once
Major facilities have specific environmental a source of radioactive emissions, has been

monitoring plans, which are part of the compre- shutdown and had no airborne emissions in
hensive Site environmental monitoring plan re- 1991.

quired by DOE (DOE 1991b). The effluent data
are evaluated to assess the effectiveness of treat- • The 400 Area has the Fast Flux Test Facility

ment and control systems and practices. (FFTF), the Maintenance and Storage Facility
(MASF), and the Fuels and Materials Exami-

Air Emissions nation Facility. Airborne emissions consist of"
radioactive particulates and gases from opera-
tions and support activities at FFTF and

Air emission discharge points are located in the MASF. Four additional radionuclide air emis-

100, 200, 300, 400, 600, and 1100 Areas. The sions sources are in the 400 Area, three at
sources for these emissions are summarized FFTF and one at MASF. There are no nonra-
below: dioactive air emission sources.

• In the 100 Areas, emissions originate from the ," The 600 Area encompasses all the areas of the
N Reactor, now in retired status, and two irra- Hanford Site not assigned to the 100, 200, 300,
diated-fhel storage basins and a radiochemis- 400, and 1100 Areas. Two radioactive air
try laboratory in the 100-K Area. Active radio- emission discharges are in the 600 Area.
nuclide emission points decreased from seven 'there are no nonradioactive air emission
to five in 1991. The 184-N powerhouse, the sources.
only recent source of nonradioactive emissions,

remained shutdown after ceasing operations in • The 1100 Area contains warehouses, vehicle
March 1990. maintenance shops, excess equipment and

materials storage, and office buildings. The• The 200 Areas contain facilities for nuclear-
1100 Area emissions are generated from heat-

fuel chemical separations, processing, waste ing plants. The two oil-fired boilers, however,
handling and disposal, and steam generation did not operate during 1991.
using coal. Primary sources of radionuclide

emissions are the Plutonium Uranium Extrac- Radioactive air emissions from f'acilities at the

tion (PUREXI Plant, Uranium-Oxide (UO:_) Hanford Site may consist of' radioactive particu-
Plant, Plutonium Finishing Plant (PFP), lutes, noble gases, or volatile forms of radionu-
T Plant, 222-S Analytical Laboratory, tank clides. Radioactive emissions from stacks and

farms for waste storage, underground storage vents having the potential of exceeding 10% of
tanks, waste evaporators, and a laundry facil- discharge limits are monitored. A nonradioactive
ity. Nonradioactive pollutants may be emitted emission is monitored when it has the potential
from the PUREX Plant, UO:_ Plant, PFP, and of exceeding 50% of"applicable standards for non-
the powerhous6s. In 1991, 71 radionuclide and radioactive constituents.
4 nonradioactive emission points were active
in the 200 Areas.
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A report detailing radioactive airborne releases 1987a). A summary of' radioactive air emissions
from the major operating areas is published from the Hanford Site fbi' 1991 is given in
annually (fbr example, Diediker ct al. 1992) and 'Fable 4.1. Table 4.2 summarizes the nonradio-

gubmitted to the EPA as required by the Clean active constituents released in gaseous emissions
Air Act. A report detailing ali environmental (the 400 and 600 Areas have no nonradioactive

releases in the major operating areas is pub- emission sources of concern).
lisbed annually (fbr exainple, Manley 1992) and

submitlx<! to DOE Richland Field Office (RL). In Liquid EffluentsE "compliance with the National missions Stan-
dards for Hazardous Air Pollutants statutes, an

annual report documenting all radioactive air Liquid effluents are discharged from fhcilities in
emissions at the Hanford Site is submitted to the all areas of the Hanfi)rd Site. Liquid effluent

U.S. Environmental Protection Agency (EPA) by sources result in over 350 radioactive and nonra-
RL. These reports are available in RL's public dioactive liquid waste streams discharging to the
reading room located on the campus of' Washing- Columbia River, soil column, oi" sewer disposal
ton State University Tri-Cities in Richland. On- systems. Total liquid effluent discharge volume

site radioactive air emission data are also reported was about 13 million m a (17 million yd a) in 1991.
every year to the Idaho National Engineering
Laboratory via the Effluent Infbrmation System- Liquid effluents released to the environment are
Onsite Discharge Information System (DOE monitored to ensure that applicable limits are not

Table 4.1. Radionuclides Discharged to the Atmosphere in 1991

Release, Ci ....
Radionuclide Half:Life 100 Areas 200 Areas 300 Area 400 Area

aH _as HTO) 12.3 yr 1 55
:_H(as HT) 12.3 yr 29
_'C 5,730 yr 8 x 10 .2
_Ar 1.8 hr 27

_;°Co 5.3 yr 3.8 x 10 '_'
:'"Sr 'i'' 28.8 yr 7.6 x 10:' 2.4 x 10-:_ 3.8 x 10 'i
l""Ru 367 d 2.5 x 10 -'l 2.9 x 10-:_

l"_Sb 2.7 yr 3.1 x 10-'

t2_I 1.6 x 10_ yr 4.8 x 102
_:_'_Cs 2.1 yr 1.3 x 10 '_'
_:_(',s 30 yr 7.6 x 10 '_ 4.1 x 10:_ 7.7 x 10"
l'lrPm 2.6 yr 6.5 x lO '_
_l"Pb 10.6 h 2.7 x 10-:'
-''"Rn'"' 55.6 s 33

U itotal) 4.5 x 10:' yr 3.0 x 10" 3.9 x 10"
_:_Pti 87.7 yr 9.2 x 10 v 3.2 x 10"
_:""__"Pu'"' 2.4 x 104 yr 5.9 x 10" 4.4 x 10 '_ 7.6 x 10';
_Pu 14.4 yr 2.1 x 10:_
__JAIn 433 yr 4.5 x 10-'_

(a} 1 Ci = 3.7 x 10 _'' Bq.

(b} ""'Sr values include total beta activity fbi" those fhcilities where :"'Si"is not measured directly.
lc) _""Rn value is calculated from "_ePb measurements, which account fbr decay rind ingrowth.
(di e:"',e_"Puvalues include total alpha activity fbr those facilities where -":"','-'_"Puis not measured

directly.
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Table 4.2. Nonradioactive Constituents Radioactive waste consists of transuranic, high-
Discharged to the Atmosphere activity, and low-activity wastes. Mixed waste
in 1991 consists of wastes having both radioactive and

hazardous nonradioactive components. Nonra-
Release, kg dioactive wastes are composed of hazardous or

Constituent _ 200 Areas 300 Area nonregulated wastes. Hazardous waste consists
of' dangerous wastes or extremely hazardous

Particulates 61.59 x 10" 1.4 x 10" wastes, as defined in Washington State Depart-
Nitrogen oxides 12.8 x 10" 6.4 x 104 ment of Ecology Dangerous Waste Regulations.
Sulfhr oxides 44.8 x 10 "_ 18.5 x 10"

Carbon monoxide 10.7 x 104 5.8 x 10:1 Radioactive and mixed wastes currently are
Hydrocarbons 14.9 x 102 23.3 x 101 handled in several ways. High-activity liquid
Ammonia 75 x 10 _ 0 wastes are stored in double-shell tanks. Low-

activity liquid wastes are stored in double-shell

exceeded. Discharges are monitored for both tanks or on storage pads, or buried, depending on
radioactive and nonradioactive constituents, the source, composition, and concentration. Trans-
Radioactive and regulated nonradioactive liquid uranic wastes are stored in vaults or under-

effluents are monitored in the 100, 200, 300, and ground storage pads, ft'ore which they can be
400 Areas. Liquid effluents that contain both retrieved.
radioactive and hazardous constituents are

shipped to the 200 Areas for storage in double- Approximately 200 facilities on the Hanibrd Site
shell tanks or monitored interim-storage facili- generate hazardous waste. An annual report
ties. The 600 and 1100 Areas do not generate lists th_, "dangerous wastes" and "extremely haz-
radioactive or nonradioactive hazardous liquid ardous wastes" generated, treated, stored, and
effluents, disposed of onsite and offsite (DOE 1992b). Haz-

ardous wastes are treated, stored, and prepared
Radioactive liquid effluent monitoring data are for disposal at several Hanford Site facilities, or
reported annually via the Effluent Infbrmation shipped offsite for disposal, destruction, or recy-
System-Onsite Discharge Information System. cling. In 1991, 105,000 kg (231,000 lb) of danger-
Monitoring results for liquid effluents regulated ous wastes and 302,000 kg (665,000 lb) of ex-
by the National Pollutant Discharge El,mination tremely hazardous wastes were shipped offsite
System permit are reported monthly to EPA. A for disposal or recycling.
summary of"radionuclides in liquid effluents dis-

charged to gn'ound disposal fhcilities in 1991 is Nondangerous or nonregulated wastes generated
given in Table 4.3. Table 4.4 summarizes the at the Hanford Site are buried in the Central

nonradioactive constituents in liquid effluents. Landfill, located in the 200 Areas. Examples of'
Table 4.5 summarizes data on radionuclides fi'om these wastes are construction debris, office trash,
measured liquid effluents released to the Colum- cah_teria waste, and packaging materials. Other
bia River ft'ore the 100 Areas. materials and items classified as waste are solidi-

fled filter backwash and sludge ft'ore the treat-
Releases entering the river via ground water are ment of river water, failed and broken equipment
not measured directly but are assessed through and tools, air filters, noncontaminated used

river water environmental surveillance (see Sec- gloves and other clothing, and certain chemical
tion 4.3). These surveillance measurements are precipitates such as oxalates. Nonradioactive
used in the public dose estimates Isee Section 4.8). fi'iable asbestos is buried at designated areas at

the Central Lar.dfill. Ash generated at the 200-

Solid Waste _t and 200-West Areas powerhouses is buried
at designated sites near the powerhouses. Demo-
lition "_wa_e f_om 100 Areas decommissioning

Solid wastes produced at Hantbrd are classified projects is buried in situ or at designated sites in
as radioactive, nonradioactive, and mixed waste, the 100 Areas.
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Table 4.3. Radionuclides in Liquid Effluents Discharged to Ground Disposal Facilities in 1991

Release, Ci ....
Radionuclide Half-Lif_ 100 Areas 200 Arez&% 300 Area

aH 12.3 yr 9.3 22
'_4Mn 312 d 4.2 x 10 '_

''Co 5.3 yr 4.8 x 10 :_
"°Sr 28.8 yr 8.5 x 10 l 57 9.4 x 10-_'t''
l"_'Sb 2.7 yr 1.8 x 10a

H4Cs 2.1 yr 6.4 x 10 's
HTCs 30 yr 1.3 x 10_ 7.2 x 10 _
'-':_U 2.4 x 10_ yr 1.7 x 10:;
_a"U 7.0 x 10_ yr 7.0 x 10"
_:'_U 4.5 x 10"_yr 1.3 x l0 a
U (total) 4.5 x lfr' yr 3.7 x 10.4
_a_Pu 87.7 yr 2.8 x 104 1.7 x 10_
_a"_4"Pu 2.4 x 10 '_yr 2.8 x 104 2.5 x 10l
"_Pu 14.4 yr 2.7 x 10_
_4_Am 433 yr 3.4 x l0 _
Total Effluent

Volume (m :') 1.3 x 10 a 1.1 x 107 1.8 x 107

lal 1 Ci = 3.7 x 10"' Bq.
/bl Reported as total beta; assumed to be _"°Sr for dose calculations.

Table 4.4. Nonradioactive Liquid Discharged to Ground Disposal Facilities in 1991

Release, kg
Constituents 100 Areas 200 Areas 300 Area 400 Area

Total organic carbon 1;41 x 1.01 2.6 x 10 :_ 37
Nitrates 3.39 x 10:" 2.5 x l0 :' 26
Copper 20
Aluminum sulf'ate 11.37 x 10:" 5.9 x 10:;
Polyacrylamide 13.8 x 10 _ 3.8 x 1(}_
Total Effluent

Volume ¢m:_! 1.2 x 1()_ 2.18 x lfr; 1.8 x 10" 1.6 x 10'
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Table 4.5. Radionuclides in Liquid Effluents
Discharged to the Columbia River
from the 100 Areas in 1991

Radionuclide Half-Life Release, Ci""

:_H 12.3 yr 10
'_4Mn 312 d 3.5 x 10:_

_°Co 5.3 yr 1.2 x 10 .2
")°Sr 28.8 yr 1.3 x 10-_
l_'_'Sb 2.7 yr 2.5 x 10 .4
_:_4Cs 2.1 yr 1.8 x 10 .4
1:_7Cs 30 yr 3.9 x 10 .2
z3"q'24°Pu 2.4 x 104 yr 4.7 x 10 [;
Total Effluent
Volume (m :3) 1.68 x 10(_

(a) 1 Ci = 3.7 x 101° Bq.

A summary of both nonradioactive and radioac- Emissions from all these facilities are monitored,

tive solid waste disposed of at the Hanford Site is and none exceeded a reportable quantity during
shown in Table 4.6. Solid waste program activi- 1991. Waste ammonia was not generated at the

ties are regulated by the Resource Conservation PUREX Plant because fuel-decladding operations
and Recovery Act and Toxic Substances Control ceased in 1990. Ammonia-bearing waste was not
Act, which are discussed in Section 2.0, "Environ- processed at the 242-A Evaporator-Crystallizer;
mental Compliance Summary." therefore, no waste ammonia was generated. The

two tank farms continued operations, storing
PUREX Plant ammonia-bearing waste, but not

Comprehensive Environmental  ec ivi.gany new waste. The emissions from
these two facilities were substantially below

Response, Compensation, applicable reportable quantities.

and Liability Act (CERCLA)
Continuous Emissions in Emergency Planning and

Community Right-To-Know
Excess of the Reportable Act
Quantities

Title III of the Superfund Amendments and
Section 103(f)(2) of' CERCLA, as amended, re- Reauthorization Act (SARA)is a free-standing
quiret:; annual reporting of releases of hazardous law, called the Emergency Planning and Commu-
substances should they exceed reportable quan- nity Right-To-Know Act. The purpose of' this Act
tities but are continuous and stable in quantity is to provide the public with infbrmation about
and rate. On the Hanford Site, ammonia emis- hazardous chemicals in their communities, it

sions ft'ore the 200 Areas PUREX r'lant, 241-AP also establishes emergency planning and notifica-
Tank Farm, and 241-AW Tank Farm, and amino- tion procedures to protect the public in the event
nia and ammonium hydroxide emissions from the of a hazardous chemical release. State Emer-

242-A Evaporator-Crystallizer may exceed report- gency Response Commissions have been fbrmed
able quantities during normal operations.
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Table 4.6. Solid Waste Disposal at Hanford in 1991

Transuranic Low-Activity High-Activity Other Solid
Constituent Units Waste Waste Waste Waste Total

Radioactive

U g 0.0 2.6 x 10_ 0.0 2.6 x 10"
'-':_:'U g 0.0 2.1 x 10 _ 0.0 2.1 x 10 _

Pu g 1.9 x 10 :_ 2.1 x 101 0.0 1.9 x 10 :_
Am g 5.7 x 101 1.2 x 10-" 0.0 5.8 x 1()_
Th g 0.0 3.1 x 10_ 0.0 3.1 x 10 '_
S_..... Ci 2.5 x 10_ 1.0 x 10 :_ 0.0 1.0 x 10 :_
Ru .... Ci 9.7 x 10:_ 2.8 0.0 2.8
Cs .... Ci 2.9 x :lO'-' 2.9 x 10:' 0.0 2.9 x 10 :_
Other fission and

activation products Ci 2.0 x 10-'_' 4.9 x 10_' 0.0 4.9 x 10 '_

Nonradioactive

Nonradioactive trash,

refuse m:_ 2.1 x 10 '_
Asbestos m :_ 1.2 x 10:'
Septic sludge m:' 3.3 x 10:5

(a) Values represent single isotopes only; decay products are included in other fission and activation
products.

to guide planning fbr chemical emergencies, in Field representatives throughout the Hanford
accordance with Subtitle A of the law. The state Site participate in annual training and recertifi-
creates Local Emergency Planning Committees to cation on the regulatory requirements of report-
assure community participation and planning, ing ibr this Act. They enter information in the

Hazardous Material Inventory Database, ft'ore
Subtitle B contains the reporting requirements which the reported infbrmation is obtained.
fi)r providing local communities with information

on hazardous materials existing in or released The annual 7)_xic Cltetnical Release ln.ventory
ii'ore _t fhcility near those locales. The Hanford (DOE 1991c_ report is provided to EPA a_, infor-
Site was in compliance with the reporting and marion only, conforming with guidance t'r()m

notification requirements oi' this Act. The 1991 DOE-Headquarters. Issuing this report is no
Tier Two Etn et,qen.c.v ctnd Hctza t'dous C]l,etn, i(,aI longer required because the primary mission oi'
:nuel,torv(D()E 1992d) report was issue the Hanfbrd Site has shifted from production
February 1992, to the State Emergency Response operations to environmental restoration. Als()

Commission, local county emergency manage- available to the public, the report has intbrma-
ment committees, and local fire departments, tion on toxic chemical releases and transfers at

This report contains inlbrmation on hazardous the Site, as well as waste management practices.
materials in storage across the Hant'ord Site.

Table 4.7 summarizes the inibrmation reported,
listing the 10 chemicals stored in greatest quan-
tity on the Hantbrd Site.
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Table 4.7. Hanford Site Tier-Two Emergency
and Hazardous Chemical Inventory
Average Balance of Ten Chemicals
Stored in Greatest Quantity in 1991

Average Daily
Hazardous Material Balance, kg

Coal 4.6 x 107
Mineral oil 1.9 x 10 '_
Uranium nitrate

hexahydrate 1.3 x 10_._
Sodium 1.2 x 10_

Fuel oil, No. 6 5.9 x 10 '_*
Nitric acid 5.8 x 10n
Diesel fuel 4.8 x 10_

Nitrogen 3.8 x 10r'
Sodium cl,loride 3.3 x 10 '_

Ethylene glyc£ 2.8 x 10 '_
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4.2 Air Surveillance

Atmospheric releases from Hanfi)l'd to the sur- 2 weeks, field surveyed tbr total radioactivity to
rounding region are a potential source of human detect ally unusual occurrences, held tbr at least
exposure. For that reason radioactive materials 7 days at the analytical laboratory, and then ana-
in air are monitored at a number of locations, lyzed for total beta radioactivity. The holding
This section discusses sample collection, analyti- period was necessary to allow for the decay of
cal methods, and the results of the air surveil- short-lived, naturally occurring radionuclides
lance program. Detailed analytical results are that would otherwise obscure detection of longer-

contained in Bisping (1992). lived radionuclides potentially present from
Hanford emissions. Field measurements of ra-

Sample Collection and dioactivity are taken to obtain data that mightindicate changes in environmental trends which

Analysis couM warrant attention before the more detailed
and sensitive laboratory analyses are completed.

Radioactivity in air was sampled by a network of In addition, filters from selected locations were
continuously operating samplers at 23 locations also analyzed fbr total alpha radioact ,'it v.
on the Hanford Site, 13 near the Site perimeter, 8

For most radionuclides, the amount _:_ : :_._ioactivein nearby communities, and 3 in distant commu-
nit_es IFigure 4.1 and Table 4.8). Samples were material collected on the filter during the 2-week
also collected at three community-operated envi- period was too small to be measured with reason-
ronmental surveillance stations ICOESS) that able accuracy. The accuracy of sample analysis

were managed and operated by local school was increased by combining two biweekly samples
teachers. Air samplers on the Hanfbrd Site were into a monthly composite sample for each loca-

tion. The monthly composites fbr a few nearbylocated primarily around major operating areas
to ma_.imize the ability to detect contaminants locations were then combined to form a quarterly

or annual geographical composite (Table 4.8).resulting f?om Site operations. Perimeter sam-
piers were located around the Site with emphasis Each composite (except tbr the ALE Field Lab
on the prevailing downwind directions to the sample, which was not routinely analyzed) was
south and east of the Site. Continuous samplers analyzed for numerous specific gamma-emitting
located in Benton City, Connell, Eltopia, Kenne- radionuclides (Appendix E), then combined into
wick, Mattawa, Othello, Pasco, and Richland quarterly or annual composites and analyzed tbr

provided concentrations at the nearest pop_,.latlon strontium and plutonium (DOE 1991b). Selected
centers. Samplers at the distant communities of quarterly or annual composites were also aria-
Moses Lake, Sunnyside, and Yakima provided lyzed for uranium isotopes.
data from communities essentially unaffected by

Site operations. Yakima is a distant upwind Gaseous _:_1was sampled al selected locations by
location that provides reference regional back- drawing air through a cartridge containing acti-

ground concentrations, vated charcoal. These cartridges were located
downstream oi' the particle filter and were ex-

Samples were collected according to a schedule changed biweekly or monthly. Sampling was
established befbre the monitoring year (Bisping perfbrmed near operating thcilities to maximize
1991 i. Air sampling locations are listed in the potential tbr detecting releases and _t loca-
Table 4.8. The number of locations sampled tbr tions of potential public e×posure. Monthly _:_'I
total alpha and total beta radiation and specific samples were archived and were not routinely
radionuclides are summarized in Table 4.9. Air- analyzed. These samples were collected to pr()-

borne particles were sampled at each of these vide additional data in the event of an accident or
unusual release. Iodine-129 was sampled usinglocations by continuously drawing air through a

glass fiber filter. The filters were collected every the same technique with a low background
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$9203058.10

Figure 4.1. Air Sampling Locations, 1991 (see Table 4.8 for location key)
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Table 4.8. Air Sampling Locations and Sample Composite Grc,ups

Map I.)

Composite Group Sampling Location Location

Onsite
100 Areas 100-K 1

100-N 2
100-D 3

200-East Are:', S of 200-East 4
E of 200-East 5
200-East SE 6

North of 200 Areas Rt. llA, Mi. 9 7
N of 200-East 8

200-West, South SW of B/L, Cribs 9
and East Army Loop Camp 10

GTE Building 11

200-West 200-West SE 12

300 Area 300 Trench 13
300 Water intake 14
300-South Gate 15

300 NE 300 NE 16

400 Area 400-East 17
400-West 18
400-South 19
400-North 20

B Pond B Pond 21

Hanford Townsite Hanford Townsite 22

Wye Barricade Wye Barricade 23

Perimeter

Northeast Perimeter Berg Ranch 24
Ringold Met. Tower 25

East Perimeter W. End of Fir Road 26
Pettett Farm 27

Southeast Perimeter Byers Landing 28
Battelle Complex 29

(a) See Figure 4.1.
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Table 4.8. Air Sampling Locations and Sample Composite Groups (contd)

Map'"'

Composite Group Sampling Location L()cation

Prosser Barricade Horn Rapids Rd. Substation 30
Prosser Barricade 31

ALE Field Lab ALE Field Lab 32

West Perimeter Rattlesnake Spring 33
Yakima Barricade 34

Northwest Perimeter Vernita Bridge 35
Wahluke Slope 36

Nearby Communities
Northeast Communities Othello 37

Connell 38

Tri-Cities Pasco 39
Richland 40
Kennewick 41

Benton City Benton City 42

Eltopia Eltopia 43

Mattawa Mattawa 44

Distant Communities
Outer Northeast Moses Lake 45

Sunnyside Sunnyside 46

Yakima Yakima 47

Community-Operated Stations
Basin City Elementary Basin City 48

School

Edwin Markham North Franklin 49

Elementary School County

Leslie Groves Park Richland 50

(a) See Figure 4.1.
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Table 4.9. Sampling Frequency by Location for Air Samples Collected in 1991
(see Table 4.8 and Figure 4.1)

Particulates '_,,'

Total Total _'Sr,_'"Sr Gamma Gases

Locations Beta Alpha 2:_Pu,_:_:',_'_"Pu Scan 't'' Uranium ':_1I'"' l_:'I :'H

Onsite 23 21 11/23 11/23 9/17 3/6 1 7

Perimeter 13 9 6/12 6/12 3/6 5/5 2 4

Nearby
Communities 8 2 5/8 5/8 0 1/2 0 1

Distant

Communities 3 3 3/3 3/3 3/3 2/2 1 2

COES',J'

Station 3 3 3/3 3/3 3/3 3/3 0 3

(al) Number of location-composited samples/total number of individual locations contained in the com-

posites. For example, 10/23 indicates 10 composite groups that are made up of 23 individual loca-
tions, or between 2 and 3 individual locations per composite on the average. The individual loca-
tions making up composite groups are listed in Table 4.8.

(b) Appendix E lists the specific radionuclides analyzed using gamma scans.
(c) Number of locations analyzed routinely/number of locations sampled routinely. (See "Sample Col-

lection and Analysis," in this section.)
(d) Community-operated environmental surveillance.

petroleum charcoal cartridge. Samples were col- Basin City, Edwin Markham Elementary School
lected monthly and combined to form quarterly in North Franklin County, and Leslie Groves
composite samples for each location. Park in Richland (see Figure 4.1, and Tables 4.8

and 4.9). These samples were collected by local
Atmospheric water vapor was collected (br :_H teachers using the same equipment, p=ocedures,
analysis by continuously passing air through and analytical laboratory as the Hanford Surface

cartridges containing silica gel, which were ex- Environmental Surveillance Program. This work
changed every 4 weeks. The trapped water was was part of a DOE-sponsored program to improve
removed from the silica gel and analyzed, public awareness oi' Hanford environmental moni-

toring programs and the effects of Site operations.
A detailed description of sampling and analytical
techniques is provided in the Hanfbrd Site Envi-
ronmental Monitoring Plan (DOE 1991b). Field Results
sampling for __C(as CO_), _'_'Kr,and nitrogen diox-

ide (NQ) was discontinued in 1991. These con- Radiological Results
stituents were used primarily as indicators of

activity at the PUREX Plant, which reduced op- Air sampling results for onsite, Site perimeter,
erations in 1990. nearby communities, distant communities and

COESS for total beta, total alpha, and specific
Air samples were also collected at three COESS radionuclides are summarized in Table 4.10.
located at the Basin City Elementary School in
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Air Surveillance

Numerous specific radionuclides {Appendix E) concentrations during the first three quarters oi'
were analyzed in the monthly composite gamma the year (Table 4.10). In addition, during the
energy analyses (DOE 1991b), but none of Han- same time period ali six ""Sr samples collected at
ford origin were detected consistently, the COESS were below the detection limit. How-

ever, abnormally high ""Sr concentrations were
Total beta concentration in air tbr 1991, au shown reported [br some quarterly composites collected
in Figure 4.2, peaked during the winter, repeat- during the third (East and N(,rtheast Perimeter
ing a pattern _)fnatural annual radioactivity flue- stations) and fburth quartel s I10 ot' 17 lburth

tuations {Eisenbud 1987). As shown in Table 4.10, quarter samples were greater than the maximum
the average total beta and total alpha concentra- quarterly concentration measured at the distant

tions were about the same onsite as at the Site stations) and tbr all 1991 annual composite sam-
perimeter and in nearby and distant communi- ples (six of eight annual samples were greater
ties, indicating that the observed levels were than the maximum quarterly concentration mea-

pre.dominantly a result oi' natural sources and sured at the distant stations). These apparently
worldwide thllout. No significant dit'ferences anomalous results are probably due to an error or
were observed (one-tailed t-test, 5(_ significance sample contamination during the analytical pro-
level) between average Site perimeter and dis- cess. No significant Han[brd Site eftluent source
rant locations tbr either total beta or total alpha was reported tbr ""Sr in 1991 (see Table 4.1, See-
concentrations. An exception is an indication tion 4.1, "Eflluent Monitoring"), and the unusual
that elevated uranium concentrations in soil results are being reviewed. The questionable
fPoston 19901 and air (see uranium air results) in third quarter composites, ali tburth quarter com-
the 300 Area are being reflected in the air total posites, and ali annual composites have not been
alpha concentrations at that location, included in the data summary given in TaMe 4.10.

Given the above limitations, ali reported :"'Sr air
Most strontium-90 results for air samples col- concentrations were <0.00002';_ of the I)CG o1"
letted onsite, at the Site perimeter, and in nearby 50 pCi/m:L
and distant communities were below detectable

1.0 -

-- • Distant Stations o
:_ _ o Perimeter Stations
G)

d
- 0.1

Oa .",a

- 0.01
_0

m J Che_.ilot)y i0.001 _,LLJ,,,t,,I,J,_t,,,,,,l,_,_,_,,,_j,,,J,_,,,_lJ_,_,,,,_,_l,_ ,_,l,,I,,,,,,,,,,,I,,,,,,,_,_,l_,,,,_,,_,l_..,,,_,_l,,,,_,,,_t
1.981 1982 1.983 1984 1985 1.986 1987 1988 1989 1990 1991

$9203058.40

Figure 4.2. Monthly Average Total Beta Radioactivity in Airborne Particulate Samples, 1981 Through
1991
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Air Surveillance

Quarterly air sampling for L_"Ibegan in July Average concentrations of tritium in air meas-
1984. Iodine-129 was sampled onsite downwind ured at the Site perimeter were slightly higher
oi' the PUREX Plant (200-East SE location), at than at distant locations for 1991; however, the

two downwind perimeter locations, and at a difl'erences were not statistically significant (one-
distant community location (Yakima} in 1991. tailed t-test, 5% significance level). Tritium con-
(Because of extremely low concentrations, results centrations at the Site perimeter averaged 1.6
tbr some radionuclides are reported in aCi/m a pCi/m:' _+32%, which was 0.0016% of the DCG ot"
rather than pCi/m:'. One aCi/m a = 0.000001 100,000 pCi/m a. Figure 4.4 displays the average

pCi/in :_.) Concentrations at the Site perimeter in aH concentrations fbr onsite and perimeter 1oca-
1991 were higher than those observed at Yakima tions, and distant communities from 1986 to 1991.
{Figure 4.3), and the difl'erence was statistically Atmospheric aH releases totaling 85 Ci (HT +

significant(one-tailed t-test, 5e_, significance HTO) for 1991 (Table 4.1, Section 4.1, "Effluent
level). The average onsite and Site perimeter Monitoring") were reported for the PUREX Plant
concentrations decreased in 1989 in response to and the 300 Area. The 300 Area had the highest

decreased PUREX Plant operations and re- mean onsite :'H concentration (3.4 pCi/ma + 58%);
mained at similar levels in 1990/1991. Onsite however, this value was only 0.0034% of the DCG.

air concentrations of _e:'Iwere influenced by Tritium releases in the 300 Area are associated
minor emissions (0.048 Ci, Table 4.1) from the with research and development activities {see

PUREX Plant, storage of dissolved thel rod solu- Section 4.1, "Effluent Monitoring" }.
tions, and possible releases fl'om waste storage
tanks and cribs. The annual average _"I concen- Air concentrations of"a:}.24°pu measured at sam-
tration at the perimeter in 1991 (1.5 aCi/m:' +_ pling locations in 1991 were generally less than
319_) was 0.000002% of the DCG of 70,000,000 2.0 aCi/m a. The 1991 average _a"D._4°puconcen-
aCi/m :_{70 pCi/ma), trations tbr onsite, Site perimeter, and near and

10000 6
129i • Onsite • Onsite 3H

,_, Perimeter A Perimeter
5 -

1000 _, _ Distant Community II Distant Community 1

e 4-
•"_ 100 _ [

: d 3- _ :

.a 2 -
= a & = * , , i

o j _ i- III

0.1 _ w M
0-

0.01 I i 1 I I -1 I 1 i .... I i ,
1986 1987 1988 t989 1990 1991 1986 1987 1988 1989 1990 1991

S9203058.38 $9203058.37

Figure 4.3. Annual Average Concentrations of Figure 4.4. Annual Average Concentrations of
Iodine-129 (129I) _11Air near the Hanford Site, 1986 Tritium (3H) in Air near the Hanford Site, 1986
Through 1991. As a result of figure scale, some Through 1991
uncertainties (error bars) are concealed by point
symbol.
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distant conlmunity samples are shown in Uranium concentrations measured at downwind

Table 4.10 and Figure 4.5. The 1991 Site pm'in> Site perimeter locations were not elevated during
eter annual concentration was 0.66 aCi/m :_,which this time period and were similar to those at the
is 0.003_?; of the DCG of 20,000 aCi/m :_. There was distant cmnmunity station. The elevated
a significant diffb.rence (one-tailed t-test, 5(_ 300 Area concentrat ions may be attril)utable
significance level)between the average concentra- to wind resuspension of soil contaminated from

tions onsite compared to distant locations; how- past Site operations in and around the 300 Area
ever, there was no significant diflbrence between (Poston 1990). The 1991 annual avm'age con-

concentrations at the Site perimeter and distant centration ibr the Sit(., perimeter was 62 aCi/m' ±
locations. 18;J,, which was ().()6r_ of the I)CG.

Uranium concentrations (':"U, :':''U, and _:'_U_in Ruthenium-106 and 'r:Cs associated with air-

airborne particulate matter in 1991 were similar borne particulate matter, and ':"I collected on
at the Site perimeter and at distant communities charcoal cartridges were routinely monitored
('Fable 4.10 and Figure 4.6), and there was no through gamma energy analyses. Results were
significant difference (one-tailed t-test, 5_,/_sig- generally below detectable concentrations both on
nificance level). Elevated uranium concentra- and off the Hanibrd Site. The results obtained

tions (""U and -'a_U)were reported for 300 Area for 1991 samples are included in Table 4.10.
air samples collected during the final tw() quar- Even the maximum individual measurements fbr
ters of 1991. The maximum air concentration at these radionuclides were less than 0.015;/( of

the 300 Area (_:_"U)was 3,450 aCi/m :' _+1.6_)_, their DCG.
which is 3.4';_ of the DCG of 100,000 aCi/nV.

10 800 / • Onsite U9 .... Q Onsite _ag,2,mpu 700 ._ Perimeter

A Perimeter [ _ I)istant
8- _! Distant 600 Community

(_ommunity7 - "E
:-a :a 500 -

6--
m

d 5 - d 40O -

4 • __ 300- • •

,- _ 200 -

100 - ,_
1 - _ • - •_, A_

-1 t 1 I I I -1oo _ 1 t. _

1986 1987 1988 1989 1990 1991 1986 1987 1988 1989 1990 1991

S9203058 39 $9203058 35a

Figure 4.5. Annual Average Concentrations of Figure 4.6. Annual Average Concentrations of
Plutonium-239, 240 (,,a._,.,.,,Pu) in Air at the Uranium (aa'U, "a'_U,"a"U) in Air at the Hanford
Hanford Environs, 1986 Through 1991 Environs, 1986 Through 1991. As a result of fig-

ure scale, some uncertainties (error bars) are
concealed by point symbols.
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4.3 Surface-Water Surveillance

Surface water on and near the Hantbrd Site is The State of Washington has classified i_he stretch
monitored to determine tile potential affects oi' of the Columbia River ft'mn Grand C(mlee I)am to
Hanlbrd operations. Surfhce water at Hanlbrd the Washington-Oregon border, which includes
includes the Columbia River, riverbank springs, the Hantbrd Reach, as Class A (Excellent). Wa-
ponds located on the Hanfbrd Site, and oflMte ter quality criteria and water use guidelines have

water systems directly east of and across the been established in conjunction with this desig-
Columbia River ft'ore the Hantbrd Site. Table 4.11 nation (Table B.1, Appendix B). The State of

summarizes the sample locations, sample type, Washington and EPA drinking water standards
fl'equency, and analyses included in the surface- (DWS) used in evaluating radionuclide eoncentra-
water surveillance activities during 1991. Sample tions in Co;umbia River water are provided in

locations are shown in Figure 4.7 as _vell. This Table B.2, Appendix B.
section describes the surveillance effi,rt and

summarizes the results fbr these aquatic envi- Sample Collection and Analysis
ronments. Detailed analytical results are

contained in Bisping i1992 I. Samples of Columbia River water were collected
throughout 1991 at the locations shown in Fig-

Columbia River u,.o4.7. Samples were colle.cted upstream oi'
Hanford facilities at Priest Rapids Dam and near

The Columbia River, second largest river in North the Vernita Bridge to provide background data
from locations unaffected by Site operations.America, is used as a sora'ce oi" drinking water at

onsite [hcilities and communities located down- Samples were collected ft'ore the 300 Area water

stream of Hanfbrd. In addition, the river near the intake and the Richland Pumphouse to identify

Hantbrd Site is used fin' a variety of recreational any increase in contaminant concentrations at
activities, including hunting, fishing, boating, these locations downstream of Hanford operations.

water skiing, and swimming. Water from the The Richland Pumphouse is the first downstream
Columbia River downstream of Hanford is also point of river water withdrawal fbr a public drink-

used extensively for crop irrigation. The Hanford ing water supply. The river sampling locations
Reach is currently under consideration for desig- and the methods used fbr sample collection are
nation as a National Wild and Scenic River discussed in detail in the Hanford Site Environ-

as a result of congressional action in 1988 mental Monitoring Plan (DOE 1991b).

t see Section 2.3 I. Radiological analyses of water samples included

Pollutants, both radiological and nonradiological, total alpha, total beta, gamma scan, :_H, :"'Sr, _'"Tc,
are known to enter the river along the Hanfbrd _""I,=':_'"'""Pu,and isotopic uranium (_:'4U, u:_'_U,and
Site. In addition to direct discharges of liquid 2:_U). Alpha and beta measurements provided a
effluents f'rom Hanford facilities, contaminants in general indication o[' the radioactive contamina-
ground water fl'om past discharges to the ground tion. Gamma scans provided the ability to detect

are known to seep into the river (Dirkes 1990; numerous specific radionuclides (Appendix El.
McCormack and Carlile 1984). Effluents from Specific radiochemical analyses and, in some

each direct discharge point are routinely moni- cases, special sampling techniques were used to
determine the concentrations of :_H,_'"Sr, :'_'Tc, _:'1,toted and reported by the responsible operating

contractor; they are summarized in "Effluent ":_4U,_:_'_'U,'-':_U, and '_:"'._4"Puin river water during
the year. Radionuclides of interest were selectedMonitoring," Section 4.1. Direct discharges are
based on their presence in effluent discharges oridentified and regulated for nonradiological con-

stituents under the National Pollutant Discharge ground water near the river, and their importance
Elimination System tNPDES). The NPDES-per- in determining water quality, verit)ing effluent
mitted discharges at Han|brd and the regulated control and effluent monitoring systems, and de-
parameters are listed in Table B.7, Appendix B. termining compliance with applicable standards.
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Table 4.11. Surt'ace-Water Surveillance, 1991

Loc',tion Sample Type Frequency .... Analyses

Columbia River - Radiological

Priest Rapids Dam and Richland C,.mmlative M ('omp Alpha, beta, l_o qi, gmnma scan, '"'Sr,
(collected weekly) ""I'z.',U'"'

Priesl Rapids Dam, Richland, and Particulate (filter)"' M Gamma scan
300 Area Water Intake Q (_'_m_p Pu''j'

Priest Rapids Dam, Richland, and Soluble (resi.. ;"' M Gamma scan
3(XIArea Water Intake Q ('omp k_"l,Pu""

Columbia River - Nonradiological

Ve,'nita and Richland Grab M_':' No _,BOD, coliforms, fecal coliforms, pH
Q_' WQ-NASQAN, temp, dissolved oxygen,

turbidity, pH, fecal coliforms, suspended
solids, dissolved solir% conductivity, hard-
ness as C'_O;, P, Ct, N-Kjeldahl, DO(?, Fe,
Ntt., N

Vernita and Richland Thermograph Continuous Temperature

OnsRe Ponds

West Lake Grab Q Alpha, beta, _H, '"'Sr, U,'h'gamma scan

B Pond Grab M Alpha, beta, q-t, "_'Sr,gamma scan

FFTF Pond Grab Q Alpha, beta, q-t, '_'Sr, gamma scan

Offsite Water

Ringold Hatchery, Grab A Alpha, beta, q-t, U, 'h' gamma scan, _:"1
Mathews Comer,
White Bluffs Shallow,

White Bluffs Deep, and
Alexander Farm

Riverview Canal Grab 3'" Alpha, beta, ql, '"'Sr, U, '_''gamma scan,

Riverbank Springs

I(KI-N, Hanford Townsite, Grab A Alpha, beta, q-l, '_'Sr, '_'l'c, gamma scan, IJ'_''
and 300 Area

(a) A = annually; M = monthly; Q = quarterly; Comp = composite.
(b) Isotopic uranium.

(c_ Filter/resin samples collected as scheduled; results were not available for inclusion in this report.
(d) Isotopic plutonium.
(e) Monthly analyses are performed by the Hanford Environmental Health Foundation. Numerous water quality analyses are pcr-

formed by the U.S. Geological Survey (13S(.;S) in conjunction with the National Stream Quality Accounting Network
(NASQAN) Program. Thermograph stations are ol_rated and mainta,ned by the USGS.

(t) Three samples during irrigation season.
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, Flow
Direction

Figure 4.7. Onsite and Offsite Water and Sediment Sampling Locations, 1991
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Samples of Columbia River water were also col- during 1991 were :_H, '"'Sl', '-':*4U,2:_r'U,and _:_sU.
lected by PNL from the shoreline near the Tritium and :")Sr exist in worldwide fallout, as
Vernita Bridge and the Richland Pumphouse for well as in effluents from Hanford facilities. Ura-
analyses of various nonradiological water quality nium, as well as :_H, occurs naturally in the envi-
parameters. Analyses performed during 1991 ronment in addition to being present in Hanford
included pH, nitrate, total coliform and fi_cal col- effluents•
iform bacteria, and biological oxygen demand.
All of these parameters are indicators of the qual- Total 'alpha trod total beta measurements ai'e use-

ity of Columbia River water, ful indicators of the general radiological quality
of the river and provide an early indication of

In addition to monitoring conducted by PNL, non- changes in the levels of radioactive contamina-

radiological water quality measurements were tion. The 1991 average alpha and beta concen-
also taken by the U.S. Geological Survey (USGS) trations in Columbia River water at Priest
at Vernita Bridge and Richland (USGS 1988)• Rapids Dam, the 300 Area, and the Richland

The USGS samples were collected every 2 months Pumphouse were approximately 5_, of the applic-
at Vernita Bridge and quarterly at Richland. able DWS of 15 and 50 pCi/L, respectively. Fig-
Analyses for numerous physical, biological, and ures 4.8 and 4.9 illustrate the annual average
chemical constituents were performed at the total alpha an _ total beta concentrations, respec-
USGS laboratory in Denver, Colorado. In addi- tively, at Pries_ Rapids Dam and the Richland
tion to sampling, the USGS provided continuous Pumphouse during the past 6 years. The 1991
river temperature monitoring, both upstream of alpha concentrations were similar to those previ-
the Site and at Richland, and provided flow rate ously reported. Total beta concentrations during
measurements at Priest Rapids Dam. 1991 were also similar to those observed during

recent years. Statistical analyses (paired sample
Annual samples of Columbia River sediment comparison and t test of differences) of alpha and
were collected during 1991 at locations shown in beta concentrations at Priest Rapids Dam and the
Figure 4•7• Offsite san,ples were collected up- Richland Pumphouse indicated the differences
stream of the Hantbrd Site behind Priest: Rapids
Dam, below the Site at Richland, and approxi-
mately 50 miles downstream of the Site at 2.0
McNary Dam. Samples were also collected along
the Hanlbrd Reach from sloughs at White Bluffs, Alpha • Priest Rapids Dam

DWS = 15 A Richland Pumphouse
100-F Area, and the ttanford townsite. Samples
were obtained fi'om approximately 15 cm (6 in.)of 1.6 -

the top sediment material using a dredge sam-
pier. Analyses of the sediment samples include
gamnm scans IAppendix El, _"°Sr,'_:_r'U,_:_'_U,":_Pu, . 1.2 -
and ":J".'-'4"Pu o ',• "_ :

_ OA_ A
Radiological Results for River Water _ 0.s - ,¢9

o iA _ !A
Results of the radioh)gical analyses of Columbia w $ ! A i
River water samples collected at Priest Rapids 0.4 - 0 i lid
Dam, the 300 Area, and the Richland Pumphouse 0 A i
during 1991 are contained in Bisping t1992).
Significant results are discussed and illustrated 0.0 - t I I I I

in the folh)wing paragraphs, with comparisons to 1986 1987 I988 1989 1990 1991
previous years provided. Levels throughout the
year were extremely low, essentially undetectable $9203058.41

without the use of special sampling techniques Figure 4.8. Annual Average Total Alpha Coneen-
and sensitive analytical procedures. Radionu- trations in Columbia River Water, 1986 Through
clides consistently measurable in river water 199i
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$9203058.42 $9203058.43

Figure 4.9. Annual Average Total Beta Concen- Figure 4.10. Annual Average Tritium (:'H) Con-
trations in Columbia River Water, 1986 Through centrations in Columbia River Water, 1986
1991 Through 1991. As a result of figure scale, some

uncertainties (error bars) are concealed by point
symbol.

were not significant (5% significance level_ Monitoring Program," Section 5.0). All :_Hcon-
(Snedecor and Cochran 1980). centrations were 1% or less of the State of Wash-

ington and EPA DWS of 20,000 pCi/L.
Annual average :_Hconcentrations at Priest Rap-
ids Dam and the Richland Pumphouse during Annual average ""Sr concentrations at Priest

1991 were 45 pCi/L + 4_ and 112 pCi/L + 21_, Rapids Dam and the Richland Pumphouse during
respectively. Figure 4.10 compares the annual 1991 were 0.09 pCi/L + 24')_ and 0.09 pCi/L +_23c_/,
average :_Hconcentrations at Priest Rapids Dam respectively. Figure 4.11 shows the annual aver-
and the Richland Pumphouse from 1986 through age "°Sr concentrations at these locations from
1991. Tritium concentrations in Columbia River 1986 through 1991, indicating a slight decline
water continued to decline during 1991. Tritium over the years. The difference between the "°Sr
concentrations are decreasing more rapidly than concentrations throughout the year at these loca-
expected solely as a result of radioactive decay tions was not significant (at the 5'_ significance
(12-year half-life). Studies conducted following level). The primary source of:"'Sr attributable to
the U.S. Pacific nuclear weapons tests indicated Hanfbrd entering the Columbia River has been
that the effective residence time of tritium depos- the 100-N Area liquid waste disposal facilities,
ited on the North American continent is approxi- which are known to discharge to the river via
mately 5.7 years (NCRP 19791. The difference ground-water seepage. Strontium-90 concentra-
between the :'H concentrations at Priest Rapids tions in Columbia River water during 1991

Dam and the Richland Pumphouse was signifi- remained below the State of Washington and
cant (paired sample comparison, t test of differ- EPA DWS of 8 pCi/L (approximately 1_).
ences, 5(_ significance level). Tritium sources
entering the river were effluent releases from the Annual average uranium concentrations in river

100-N Area and ground-water seepage into the water during 1991 at the Richland Pumphouse
river along the Site (see "Effluent Monitoring," and Priest Rapids Dam were similar. Annual
Section 4.1, and "Ground-Water Protection and average uranium concentrations at the Richland
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Figure 4.11. Annual Average Strontium-90 (9°Sr) Figure 4.12. Annual Average Uranium Concentra-

Concentrations in Columbia River Water, 1986 tions in Columbia River Water, 1986 Through 1991
Through 1991

Pumphouse and Priest Rapids Dam for 1986 UmRu, 1:+ii,1:_4Cs,and 1:+7Csduring 1991 were 1.5,
through 1991 are shown in Figure 4.12. There 0.5, 10.0, 1.0, 1.5, and 1.5 pCi/L, respectively.
was no consistently measurable contribution to

Columbia River water uranium concentrations at Filter/resin water samples were not submitted for
the Richland Pumphouse attributable to Hanford analyses during 1991, as in 1990, because oflimi-
operations. Differences during the year were not tations in the availability and capability of ana-
statistically significant (5% significance level), lytical resources. Iodine-129, the primary radio-

Although there is no direct discharge of uranium nuclide of interest measured by these samples,
to the river, uranium is present in the ground enters+the river along the Hanford Site througb
water beneath the 300 Area as a result of past the seepage of contaminated ground water
operations (see "Ground-Water Protection and (Dirkes 1990; McCormack and Carlile 1984).
Monitoring Program," Section 5.0) and has been Similarly, _:J_.24°Puconcentrations are obtained
detected at elevated levels in riverbank springs in from filter/resin collection systems. No annual
this area (Dirkes 1990; McCormack and Carlile average _:JI or _:_:'._4°puconcentrations we,'e avail+
1984). There is currently no DWS directly applic- able to be reported as a result of the limitations

able to uranium. However, uranium concentra- in the availability and capability of analytical
tions in the river during 1991 were below those services.

that would result in doses exceeding the State of

Washington and EPA DWS of 4 mrem/year, which Nonradiological Results for River
is applicable to anthropogenic radionuclides. Water

During 1991, ""Co, '_gTc, _(mRu, t:+_I,_:_4Cs,and _:_TCs Nonradiological water quality data were compiled
; were not consistently found in measurable quanti- by PNL and the USGS during 1991. As a result

ties in the Columbia River at Priest Rapids Dam, of a quality assurance (QA) audit, which identi-
the 300 Area water intake, or the Richland Pump- fled QA problems within the analytical labora-
house. The approximate minimum detectable
concentrations (see Appendix B) for 6°Co, mJTc, tory used by PNL, samples collected by PNL

were discontinued during August 1991. Further
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evaluation of the laboratory practices determined l()

past data to be reliable; however, nodatawere U _ / _

obtained during the latter half of 1991. A num- _ ml mm I1_
ber ot"parameters measured have no regmlatory
limits. These parameters are, however, useful as _ (_
indicators of water quality. Specific water qual-
ity measurement results are reported in Bisping _ 4
(1992). In 1991, the PNL and USGS results were

SIandard = • Vernita Bridge

in agn'cement and were comparable to results from ,_ ,s t,,s._ [] m_.hl,,,,I
recent years. Applicable standards for Class A-
designated water were met. There was no indi-

cation during 1991 of any deterioration of the o ....
water quality along this stretch oi' the Columbia .,_o:,0s_.
River resulting ft'ore Hanford operations. Poten- '_

Standard = • Vernita Bridge

tial sources of pollutants not associated with Background • Richhmd
Hanford include irrigation return water and 4 + 5 NTU

seepage associated with extensive irrigation :_
north and east of the Columbia River. _ a

Figure 4.13 shows Vernita Bridge and Richland _: 2
results for the period 1986 through 1991 for sev-
eral water quality parameters with respect to the
applicable standards. The pH measurements

above and below the Site were in close agreement 0
and were within the acceptable range for Class A _9_6 _,qs7 _9s_ _,q _,.)9o _9.,_

waters. Turbidity, fecal coliform, and dissolved _._ _0_0_,,

oxygen concentrations during 1991 were in com- • w_mt__d_,]
pliance with Class A requirements at both loca- "_E • Richland

20 Standard =tions as weil.
I00/I00 mL

The annual average flow rate of the Columbia _ 1._,o

River was 3,990 m:_/s (141,000 cfs) during 1991, _

slightly higher than those of recent years. The ._ _0
monthly average flow rates at Priest Rapids Dam _
are shown in Figure 4.14. The peak monthly _ _,
average flow occurred during June (5,380 m3/s, _-

190,000 cfs I, and the lowest average monthly flow o
occurred duringSeptemberi2,390m:_/s, 84,400 _._6 _9_7 _98_ _9_._ _9._)0_._)_

ct_). Daily average flow rates varied from 1,595 _(_ _°_'j
to 6,710 m:_/s (56,300 to 237,000 cfs) during 1991. 14 I Standard=

] 8Minimum I VernitaBridglRichlande]12

Average monthly Columbia River water tempera-
tures at Priest Rapids Dam and the Richland _ _o
Pumphouse are shown in Figure 4.15. The major ,, sz
source of heat to the Columbia River in the Han- 2

> 6

ford Reach is solar radiation (Dauble et al. 1987).
River temperatures and the differences between _ 4

Priest Rapids Dam and the Richland Pumphouse
temperatures during 1991, in the absence of reac-

tor operations, were similar to those in the past 0 1986 1987 1988 1989 1990 1991
(Price 1986). Monthly average temperatures ._,_o,o,_,_

were higher at the Richland Pumphouse than at Figure 4.13. Columbia River Water Quality Meas-
Priest Rapids Dam from March through August urements, 1986Through 1991

93



Surface-Water Surveillance

250 'l'emperature, s along the Hanford Reach were in
compliance with applicable state Class A water
quality requirements during the year.

2oo -

_ Radiological Results for Sediments
_._j --,_ 150 _ urutc( sediments in the Columbia River are

known to contain low levels (ft' radionuclides ()f
2 Hanfi)rd origin and from nuclear weapons testing
_ 100-- falhmt (Beasley 1981; Robertson and Fix 1977;
ft)

._ Woodruff et al. 1991 ). Analytical results ibr sur-
l'a(:e sediment (top 15 eta) samples collected dur-

50 .... ing 1990 and 1991 are reported in Bisping (1992).
Results fi)r 1990 are included in the 1991 report
because they were not available ibr the 1990 repm't.

0 I I I I I I I I I I I

J F M A M J J A S () N l) In general, the level of radioactivity in surface
1991 s9203058.79 sediments behind McNary l)am was slightly

higher than that behind Priest Rapids l)am dur-
Figure 4.14. Monthly Average Columbia River ing 1990 and 1991. Radionuclide concentrations
Flow Rates During 1991 (measured at Priest Rap- in sediments collected ft'ore the sh)ughs ah)ng the
ids Dam) Hanfi)rd Reach and at Richland were generally

comparable to those observed ut)stream of tfanlbrd
at Priest Rapids I)am. The exception to this is
uranium, which is present in sediments ah)ng the

20 Hantbrd Reach at levels comparal)le to those at
McNary Dam.

Figure 4.16 shows the concentrations of selected
15 -- radionuclides in C,olumbia River sediment at

Priest Rapids Dam and McNary I)am tbr 1.989
through 1991, The concentrations of';'Co during
1990 and 1991, which were beh)w the detection

'_ l0 level (0.05 pCi/g)in sediments behind Priest Rap-
_- ids I)am, were highest in sedime.nts collected

from McNary pool. The levels of';"C()in surface,

sediments behind McNary 1)am have been rela-
5 ---- t¢ichland tively stable over the past 3 years. The, concen-

--- lh'iest Rat)ids trations of :'°Sr, _:_TC,s, _""Eu,_ _:_l)u, and _:_"_"'l)uin

McNary Dam pool sediment are consistently
slightly higher than at other sediment sample0

I , I , , i [ i [ I l h)cations (Figure 4.7). The dit'fbrences are very
J F M A M J J A S () N I) small, with the uncertainties in the concentra-

1991 s9203058a0 tions at ali locations generally overlapping.

Figure 4.15. Monthly Average Columbia River

Water Temperatures During 1991 Riverbank Springs

The seepage oi'ground water into the C(_lumbia1991. Cooler monthly average temperatures were

observed at the I_ichland 1 umphousc during River has been known to occur for many years.
Riverbank spring discharges were documentedSeptember through January. Monthly average

temperatures were the same during February. ah)ng the Hanfi)rd Reach long berl)re the startup
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Figure 4.16. Radionuclide Concentrations in Columbia River Sediments at Priest Rapids Dam and
McNary Dam, 1989 Through 1991. As a result of figure scale, some uncertainties (error bars) are con-

cealed by point symbol.

of Hanford operations (Jenkins 1922). These described in the Hanfbrd Site Environmental
relatively small springs flow intermittently, ap- Monitoring Plan (DOE 1991b). The analyses,
patently influenced primarily by the changes in limited to radiological constituents in 1991, were
the river level. Contaminants associated with selected based on findings of previous riverbank
these ground-water discharges have been docu- spring investigations and reviews of contaminant
mented to enter the river along the HanIbrd Reach concentrations observed in nearby ground-water
(Dirkes 1990; DOE 1992c; McCormack and monitoring welis. At a minimum, riverbank
Carlile 1984). spring samples collected during 1991 were ana-

lyzed for total alpha, total beta, gamma scan, and

Sample Collection and Analysis :'H. Uranium, :'"Sr, and :")Tcanalyses were included
for those locations where these constituents are

Samples of ground-water seepage were col- known to exist in the local ground water as a
letted during 1991 at the locations identified result of past operations at Hanford.
in Figure 4.7. Sample collection methods are
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Results 13,o()o
0 Beta

Hantbrd-origin contaminants were detected in 12,ooo ,-

spring water entering the Columbia River along _ 11,o()o....
the Han[brd Site during 1991. The type and con- _ •

¢L

centrations of contaminants in the spring water, d !o,ooo-
reported in Bisping (1992), were similar to those .,g
known to exist in the ground wate,' nea,' the river 9,000
as a result of past operations at Hanfi)rd. The
location and extent of the contaminated dis- o= 8,00(}
charges agreed with recent riverbank spring

investigations, ground-water monitoring results, 7,000 @
ground-water model predictions, and results of
seep sampling conducted by others (DOE 1992c). <()o() l I I ,

1988 1989 199i) 1991

Radionuclide concentrations were below DOE sua)aosu67
80,000Derived Concentration Guides (DCGs, see

Appendix B), with the exception of"'°Sr near the 7o,ooo- • :_H
100-N Area. Tritium, while below the DCG, was
detected at concentrations above the EPA DWS

60,000
in several springs. Ali other radionuclide C

¢_ 50,000-
concentrations were below DWSs.

4o,()oo--- •Figure 4.17 provides selected radionuclide ,_ ®
f2

concentrations in N Springs (Figure 4.7) fbr the 8 ',_o,(_oo-

years 1988 through 1991. Apparent in this figure
is the general decrease in radionuclide concentra- 2o,ooo-

tions during recent years. The concentration of m,o()o- •
*'_'Srwas higher in 1991 than 1990; however, it

remained below those observed in earlier years, o ....... I l .... I
The decrease is attributable to the closure of the l._)ss 1989 1990 1991

1301-N Liquid Waste Disposal Facility (LWDF) s92oso_._
in 1985 and startup o[' the new 1325-N LWDF, s,ooo
which is located farther from the river. In addi- :)OS,.

tion, the volume of water discharged to the
1325-N LWDF was reduced as a result of the 7,ooo *

retired status oi"the N Reactor in 1987.

• fJ,()()0

Conc, entrations of radionuclides of concern in the

riverbank springs near the Hanfi)rd townsite for _
the years 1988 through 1991 are provided in Fig- _ r,,ooo e

ca
ure 4.18. The levels of contaminants observed in

this seepage in recent years have been relatively
consistent and comparable to those kn()wn to 4,000 - •
exist in the ground water near the river at this

h)cation as a result of past operations, a.ooo .... I J ,

Figure 4.19 shows the concentrations of constitu- 1988 1989 199() 1991
$9203058.66

ents of concern in the 300 Area riverbank springs Figure 4.17. Radionuclide Concentrations in N
from 1988 through 1991. In general, the levels Springs, 1988 Through 1991. As a result of figure
have remained relatively stable in recent years, scale, some uncertainties (error bars) are con-

However, notable increases in the total alpha, aH cealed by point symbol.
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12o and uranium concentrations during 1991 are
• Beta apparent. The increase in _'H may be attributable

lo0 - to the expansiori of the contaminated ground-
water plume emanating ft'ore the 200 Areas.
This plume reached the river just north of the_0 8O -

g 300 Area during recent years (Dirkes 1990). The•- concentration of uranium in the spring water

_ 6o- during 1991 was within the range observed in the
ground water beneath the 300 Area (Section 5.0)

= 40 -

e as a result of past operations in the 300 Area.
0 0 The elevated alpha concentration is likely associ-

2o- ' ated with the high concentration of uranium.

0 ' ' ' Onsite Ponds
((1988 1989 1990 1,131

$9203058 70

Three onsite ponds (see Figure 4.7) located near
operating areas were sampled periodically during

170,000 0 aH 1991. B Pond, located near the 200-East Area,
was excavated in the mid-1950s for disposal oi'

process cooling water and other liquid wastes

16(),ooo occasionally containing low levels of radionu-

clides. West Lake, located north of the 200-East
Area, is recharged from ground water (Gephart

150,000- e et al. 19761. West Lake has not received direct
effluent discharges from Site thcilities. The Fast
Flux Test Facility (.FFTF) Pond, located near the

14(1,0(1()- _ 400 Area, was excavated in 1978 for the disposal
of cooling and sanitary water fl'om various facili-

i ties in the 400 Area.
130,000 I I I

1988 1989 199(/ 1991
Westinghouse Hanlbrd Comt)any is responsible

$9203058 68

Ibr monitoring effluents discharged to the ponds
250 and fbi" operational surveillance of the ponds

:_:"r (Brown et al. 1990). Although the ponds were
_25- • inaccessible to the public and did not constitute

a direct offsite environmental impact during
_ _()o- 1991, they were accessible to migratory water-

IbM, creating a potential biological pathway

,7,5.... tbr the dispersion of contaminants (see "Wildlitb
Surveilhmce," Section 4.5). Periodic sampling._ i

g 15o- • oi'the ponds also provided an independent check
_z on effluent control and inonitoring systems.

125 - @

Sample Collection and Analysis
100 I I I

I988 1989 1990 ( (1,),ii During 1991, grab samples were collected quar-
$9e03058.69 terly ft'ore each pond. Unfiltered aliquots were

Figure 4.18. Radionuclide Concentrations in analyzed tbr total alpha and total beta activities,
Riverbank Springs Near the Hanford Townsite, gamma-emitting radionuclides, "H, and :'"Sr.
1988 Through 1991. As a result of figure scale,
some uncertainties (error bars) are concealed by
point symbol.
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Figure 4.19. Constituents of Concern in 300 Area Riverbank Springs, 1988 to 1991. As a result of figure
scale, some uncertainties (error bars) are concealed by point symbol.

Results Annual average radionuclide concentrations

in B Pond fbr the years 1986 through 1991 are

Analytical results from pond samples collected shown in Figure 4.20. Radionuclide concentra-

during 1991 are summarized in Bisping (11992). tions in B Pond water during 71991 we, re compa-

Maximum, minimum, and average concentration /'able to those observed during the previous
values are provided for various radionuclides in 5 years. Total alpha and beta concentrations

each pond. In ali cases, radionuclide concentra- during the year were within the range observed

tions in onsite pond water were below applicable during the previous 5 years and, as in past years,
DCGs. Further discussion of individual constitu- near the analytical detection limit. C,oncentra-

ents and comparisons with results obtained dur- tit)ns or"Sr were comparable to those observed

ing previous years are provided beh)w, during the previous 5 years. Tritium concentra-

tions in 13 Pond remained in the range ()bserved
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Figure 4.20. Annual Average Radionuclide Concentrations in B Pond, 1986 Through 1991
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during recent years. Cesium-137 concentrations ft)und in the other onsite ponds. These elewtted
were generally below the detection level, levels are believed to result from high concentra-
1.5 pCi/L, during 1991 and similar to recent tions of naturally occurring uranium (Poston
years. 1991; Speer et al. 1976). Annual average ura-

nium concentrations were slightly elevated dur-
Figure 4.21 shows the annual average total beta ing 1991 and substantiate the elevated total al-
and :+Hconcentrations in FFTF Pond during the pha and total beta measurements. Strontium-90
years 1986 through 1991. As in the past, total concentrations during 1991 were higher than

alpha, "_Na, and :'"Sr concentrations were below those observed during the previous 5 years, well
the detection levels (1.5, 6.0, 0.06 pCi/L, respec- within the range obserw_d in the ground water"
tively) during the year. Total beta concentrations near this pond. Tritium concentrations in West

in FFTF Pond water were slightly lower" than Lake, which have been decreasing in recent years,
those reported during the previous 5 years, were the lowest observed in the past 6 years and
The concentrations of :+Hwere comparable to remained similar to those observed in the local

those measured in FFTF Pond in the past. The ground water. Gamma-emitting radionuclides
tritium concentrations observed in FFTF Pond remained below the analytical detection levels
are indicative of the levels of tritmm known to (approximately 1 pCi/L tbr "_'Coand _:_7Cs).
exist in the ground water beneath the 400 Area,

from which the 400 Area obtains its water Offsite Water
(Woodruff et al. 1991).

The 1986 through 1991 annual average contami- Water samples were collected from [bur water"
nant concentrations in West Lake are shown in systems directly east of and across the Columbia

Figure 4.22. Average total alpha and total beta River from the Hanford Site during 1991. Samples
concentrations during 1991 were similar to those were also collected from an irrigation canal that
observed in the past. Total alpha and total beta obtains water from the Columbia River down-
concentrations in West Lake, wh+ch is recharged stream of Hanford. Sampling was conducted to
from ground water (Gephart et al. 1976), contin- document the levels of radionuclides in the water'
ued to be higher than the alpha and beta levels used by the public and as a result of public
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Figure 4.21. Average Total Beta and Tritium (all) Concentrations in FFTF Pond, 1986 Through 1991
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concerns about the potential for Hanford- comparable to those reported by the State oi'

associated contaminants being present in offsite Washington (WDSHS 1987). Iodine-129 con-
water. Consumption of food irrigated with centrations were within the range previously
Columbia River water from downstream of the reported in offsite water. Annual average radio-

Site has been identified as one of the primary nuclide concentrations in oft:site water during
pathways contributing to the dose to the hypo- 1991 were within applicable DWSs.
thetical maximally exposed individual (Jaquish
and Mitchell 1988 I. The Riverview irrigation canal was sampled

three times during the irrigation season. These

Sample Collection, Analysis, and samples were analyzed for total alpha, total beta,
Results gamma emitters, '"'Sr, _:_4U,":_'_'U,and _:'_[J. Results

are presented in Bisping 11992). Strontium-90
was the radionuclide of most concern because it

Grab samples were collected quarterly from four
has been identified as one of the primary con-offsite domestic water supplies during 1991 Isee
tributors to the calculated hypothetical dose toFigure 4.7_. Analyses of these samples included
the public via the water pathway (Jaquish andtotal alpha, total beta, gamma scan, '_H, _:'I, _:_U,

=_"'U,and _:_'U. Results are presented in Bisping Bryce 1989_. The average concentration of:'"Sr
11992_. Alpha and beta concentrations are attrib- during 1991, 0.07 I_+29(_ _pCi/L, was similar to

that reported for the Columbia River at Priestutable to natural uranium concentrations in the

ground water of this area. The concentrations Rapids Dam and the Richland Pumphouse.

observed in the offsite water supplies were
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4.4 Food and Farm Product Surveillance

Alfalfa and a number of'fbodstuffs, including Milk
milk, vegetables, fruits, wine, wheat, beef, chick-
cns, and eggs, were collected at several locations
surrounding the Hanford Site (Figure 4.23). Sample Collection and Analysis
Samples were collected primarily from locations
in the prevailingly downwind directions (south Samples of' raw, whole milk were collected from
and east of the Site) where airborne effluents East Wahluke and Sagemoor area dairy farms
from Hanford could be expected to be deposited, near the Site perimeter in the prevailingly down-
Samples were also collected in generally upwind wind directions to evaluate possible Hanford im-
directions somewhat distant from the Site to pro- pacts (Figure 4.23). Milk samples were also col-
vide infbrmation on background radioactivity, lected from dairy farms near Sunnyside and
This section describes sample collection and the Moses Lake to indicate the general background
radiological analyses perforr..ed and summarizes conce_ltrations of radionuclides. Samples were
results. Detailed analytical results are available routinely collected every other week throughout
in Bisping (1992). The potential dose to members the year from the Sagemoor and Sunnyside at-
of the public fl'om the consumption of local food eas, and monthly from other areas. A lalysis of'
and farm products is addressed in Section 4.8, 1991 samples by the analytical laboratory started
"Potential Radiation Doses fl'om 1991 Hanford in February 1991. Some early samples of milk.

Operations." Results for liquids are reported in collected in January 1991 were not analyzed for
pCi/L, plant material in pCi/g dry weight, and _:_Ibecause of its short half-life and the length of
animal products in pCi/g wet weight. Many sam- time the samples had been archived.
ples had concentrations that were less than de-
tectable. In those cases, an upper limit is re- Tritium analyses were conducted on one sample
ported; there is a -98_ probability that the per month, '_'°Sranalyses were conducted on one
actual value is less than the upper limit, sample per quarter, and _2'aIanalyses were con-

dlmted on two biannual composite samples.

The program is designed to sample several down- Gamma scans of milk were performed on samples
wind locations for comparison to generally up- from each location at frequencies varying from
wind or distant locations (Figure 4.23). This biweekly to quarterly.
sampling approach provides the basis for ad-
dressing the potential influence of Hanford Site Results
releases. Specific details of the sampling design
including location and radionuclides analyzed are Iodine-129 contributed about 30% of the dose to
reported in Bisping (19911 and DOE (1991) and the maximum exposed individual (MEI) through
have been summarized in Table 4.12. Gamma the consumption of food products (see Sec-
scans and '_°Sranalyses were routinely perfbrmed tion 4.8). Iodine-129 was identified by high-
for nearly all products. Selected farm products resolution mass spectroscopy in all 8 samples
were specifically analyzed for additional radionu- tested. In recent years, the levels of _2"Hin milk
clides including _H, _"I, _:_I,:"_Tc,uranium, and collected from Sagemoor and East Wahluke
plutonium. (downwind locations) have persisted at levels 2

to 4 times greater than levels measured in
Sunnyside (Figure 4.24); however, concentrations
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Figure 4.23. Food and Farm Product Sampling Locations, 1991
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Table 4.12. Numbers of Locations, Sampling Frequency, and Analyses Performed for Food and Farm
Products for 1991 "_

Number of Locations Sampling Number of Locations Analyzed
Media Upwind Downwind Frequency 'b' :_H Gamma '°Sr '_'_Tc I_"_.HII U Pu

Milk 2 2 M,Q, or SA 4 4 4 0 4 0 0

Eggs, Meat
and Poultry 1 2 SA oi"A 0 3 3 0 0 0 0

Vegetables 2 3 A 0 5 5 4 2 2 2

Fruit 1 3 A 4 4 4 0 2 0 3

Wheat and
Alfalfa 1 2 A 0 3 3 0 0 0 2

Wine 2 2 A 4 4 0 0 0 0 0

(a) Media may include multiple varieties for each category. Not ali analytes are assayed at all loca-
tions or for each variety of media.

(b) M = monthly; Q = quarterly; SA = semi-annually; A = annually.

were low. Concentrations of 1_"Itended to be Sagemoor) when compared to those collected at

higher in milk samples collected from locations distant control locations (Moses Lake and
adjacent to Hanford (East Wahluke and Sunnyside) as shown in Table 4.13.

About 6% of the 36 milk samples collected and

o.1oooo analyzed for HTCs in 1991 contained detectable
S Sagemoor concentrations (above 6.53 pC_ ,,), and no other

@ • Sunnyside gamma emitters were consistently detectable (see
o.01ooo -- A eA • Appendix E). However, 88% of all milk sampleso

•_ A analyzed for "J°Sr in 1991 contained measurableL9
levels with no apparent differences between

A • ® upwind and downwind locations (Table 4.13).
_ o.ooloo - Both :'°Sr and HTCs are expected to some degree

• • in milk samples because of the presence of' these
= radionuclides in worldwide fallout and movement

0.00010 - through the air-pasture-cow-milk food chain.
Figure 4.25 shows the 5-year record for:'"Sr in
milk samples from all sampling areas. The influ-
ence of the 1.986 Chernobyl incident on "°Sr in

o.ooool I I I I _ milk is evident in 1987 data; otherwise, concen-
1986 1987 1988 1989 1990 1991 trations of"'Sr have remained relatively constant

s92o3o5__o5 over the past 4 years. Tritium was identified in
about 40_/_ of the 27 samples analyzed, with

Figure 4.24. Average (+2 standard error of the maximum concentrations near a detection limitmean) Iodine-129 ('29I) Concentrations in Milk at
Sagemoor and Sunnyside, 1986 Through 1991. As of 280 pCi/L. There was no apparent difference
a result of figure scale, some uncertainties (error between results upwind and downwind of the
bars) are concealed by point symbol. Uncertain- Site (Table 4.131.
ties for 1986, 1987, and 1989 averages for Sunny-
side samples continue to below zero.

105



Food and Farm Product Surveillance

Table 4.13. Radionuclide Concentrations (pCi/L) in Milk Samples, 1991

No. of'

Location '_'' Samples Maximum Average 'c'

Downwind Perimeter
East WahlukeArea Composite 4 180 + 100 60 + 170%
Sagemoor Area Composite 13 280 + 110 110 + 180_,

Upwind/Distant
Sunnyside Area Composite 6 150 +_ 110 50 + 140%
Moses Lake Area Composite 4 160 + 110 110 + 100_9

No. of No. of

Location'"' Samples Maximum Average'"' Samples Maximum Average

Downwind Perimeter
East Wahluke Area

Composite 4 0.71 +_ 0.45 0.60 + 30_ _ 2 0.00132 + 0.00010 0.00100 + 3%
Sagemoor Area Composite 4 0.71 _+ 0.33 0.58 + 30_ . 2 0.00185 + 0.00013 0.00150 + 5_

Upwind/Distant
Sunnyside Area 4 3.24 + 1.82 1.0 + 300_;_ 2 0.00068 _+ 0.00002 0.00048 ± 5_
Moses Lake Area Composite 4 1.2 _+ 0.30 1.0 _+ 40_)_ 2 0.00027 + 0.00005 0.00022 ± 4%

(a) Maximum values +_2sigma counting errors. The error fbr averages is +2 times the standard error of the calcu-
lated mean, expressed as a percent.

(b) Locations are shown in Figure 4.23.
(c) Error values greater than 100¢/_indicate that the range of probable results includes zero.
(d) h)dine-129 concentrations determined by mass spectroscopy on two biannual composite samples.

1.4 A total of 27 milk samples were collected and
_:'Sr analyzed for _:_I during the last 10 months of

12 1991. No atmospheric releases of _:J_Ifrom

Hanford were reported for 1991 (see Table 4.1),
P

• and _:_Iwas not detected in any milk sample.

1.0

Vegetables• • •0.8 •

Sample Collection and Analysis
0.6

Samples of leafy vegetables (cabbage, broccoli
leaves, beet tops, or turnip greens), tomatoes,

0.4 i i _ l carrots, and potatoes, were obtained during the1987 1988 1989 1990 1991
summer from gardens and farms located within

s9203058,_ the sampling areas (see Figure 4.23). Leafy

Figure 4.25. Annual Average Strontium-90 (_°Sr) vegetables are sampled because of the potential
Concentrations in Milk for Ali Sampling Loca- deposition of airborne contaminants; however,
tions, 1987 Through 1991. Values are means +_2 they may also receive deposition from overhead
times the standard error, irrigation. Three replicate samples oi' each
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vegetable were collected at each sampling loca- detectable amounts of"('Sr, '-':_'_U,'):_sPu, "'a"'.24°pu,or
tion. All were analyzed for :'uSr and gamma- gamma emitters (Appendix E). Concentrations of
emitting radionuclides; in addition, potatoes from ":_4Uand":_sU were about 0.0005 pCi/g for each
selected locations were analyzed for u:_")""°Puand isotope in potatoes grown in Sunnyside and Horn
uranium isotopes. Samples were collected from Rapids. Uranium is found naturally in soil and
the Riverview and Horn Rapids areas to assess can als0 be present in phosphate fertilizers.
potential contamination fl'om the irrigation of

crops at those locations. Irrigation water for Fruit
Horn Rapids and Riverview is drawn from the
Columbia River downstream from Hanford.

Sample Collection and Analysis

Results Samples of apples, cherries, grapes, and melons
were collected during harvest from the areas

Strontium-90 was identified in most leafy veg-

etable samples but with no apparent difference shown in Figure 4.23 (not all types were collected
in each area). Each sample consisted oi'three

between distant and nearby locations. The con-
centrations were variable and near detection replicates. The edible portions were analyzed for

(-0.005 pCi/g) in 1991 and similar to those in :'H, 'J°Sr, gamma emitters (Appendix E) and, for
selected samples, l_:JIand _:_'J._4°pu.Tritium was

previous years (Figure 4.26). All analytical re- analyzed in the condensate collected from fruit
sults for HTCs were below detection (-0.02 pCi/g), samples.
and no other gamma emitters (Appendix E) were

consistently detectable. Results

Potatoes from the Riverview, Sagemoor, Horn
Rapids, and Sunnyside areas, and tomatoes and Iodine-129, _Pu, and 2:':'._4°Puwere not detected
carrots from the Riverview area, did not have in any fruit samples. Strontium-90 was detected

in some grapes and apples collected at Sagemoor
(highest values were 0.015 + 30% pCi/g and 0.004

0.04 + 30% pCi/g, respectively). All analyses for gam-

90Sr ma emitters of potential Hantbrd origin, includ-
ing _aTCs, were less-than-detection except for a

0.03 - single apple sample collected at Ringold that had

._ 0.008 + 60% pCi/g _:'7Cs. Tritium was detected in
some fruit samples at concentrations close to

d 0.02 - I_ background (200 to 300 pCi/L). Radionuclide
._ I | concentrations in fruit samples collected upwind

i 0 from the Hanford Site did not differ from those in
_ 0 I samples collected near the downwind perimeter,0.01 - i !

= 0 , ,i indicating no significant impact from Hantbrdo i T

i l_ operations.

0.00 -

Wine

-0.01 I I I I Sample Collection and Analysis1987 1988 1989 1990 1991

S9203058.47 Locally produced red and white wines (1991 vin-
tage grapes) were analyzed for tritium and

Figure 4.26. Annual Average Strontium-90 0"_Sr) gamma-emitting radionuclides. The wines wereConcentrations in Leafy Vegetables for Ali Sam-
made f_om grapes grown at individual vineyardspiing Locations, 1987 Through 1991. Values are

means -±2 times the standard error, in the Columbia Basin downwind of the Site and
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in the Yakima Valley upwind of the Site. Three alfalfa. The 1990 Hanfbrd Site Environmental

samples of each wine were obtained fl'om each Report (Woodruff et al. 1991) noted that alfalfa
area. Samples were split with the Washington collected from Richland and Riverview was irri-
State Department of Health (DOH). gated with Columbia River water and concentra-

tions of "°Sr were slightly elevated when com-
Results pared to samples from locations that had not

been irrigated with water f?om the Hanfbrd
The results tbr :_Hin wine indicate no difference Reach. Values of""Sr for all 1991 samples were

between locations except that the Yakima Valley lower than concentrations reported in recent
red was higher than the Columbia Basin red. The years (Figure 4.27); however, two trends were
IT analyses for 'ali were higher than those re- apparent. The concentrations of'"'_Sr are decreas-
ported by the Washington Department of Health ing and over the last 4 years, the difference be-
(DOH) tbr all samples (.Table 4.14). However, the tween the irrigation groups is decreasing. No
concentrations for the IT analyses were close to gamma emitters potentially of Hanford origin
the expected analytical detection limit of were consistently detected. Cesium-137 was iden-
300 pCi/L. The differences in the results are at- tiffed at background concentrations (maximum
tributed to differences in analytical laboratory value was 0.013 + 60% pCi/g) in one of nine sam-
methodologies and techniques. The HVCs results ples. Strontium-90 was detected in wheat but did
do not indicate any accumulation of this radionu- not show any association with proximity or down-
elide in wine. Collectively, these results do not wind direction from Hanford. Plutonium was not
indicate any impact of Hanfbrd operations on detected (<0.0006 pCi/gl in wheat samples col-
wine. While there is no tritium standard fbr lected at Sagemoor.

wine; the standard fbr drinking water is

20,000 pCi/L. Beef, Chickens, and Eggs

Wheat and Alfalfa Samplesof locally produced beef, poultry, and
eggs were collected from the areas shown in Fig-

Sample Collection and Analysis ure 4.23. Concentrations of gamma emitters
potentially of Hanibrd origin (Appendix E)in

Samples of ripened wheat and mature alfalfa beef, eggs, and poultry samples were less than
detection. Specifically _"Co and HTCs were lesswere collected from the areas shown in

Figure 4.23. Three replicate samples of wheat than -0.03 and 0.05 pCi/g, respectively. Simi-
and alfalfa were collected at each location and larly, :'"Sr concentrations were also less than de-

analyzed for "°Sr and gamma emitters (Appen- tection (about 0.005 pCi/g).
dix E). Wheat samples from the Sagemoor and
Sunnyside areas were also analyzed for ":_".'_4_*pu.

Results

Strontium-90 was detected at near background
(-0.005 pCi/g) concentrations in all samples of'
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Table 4.14. Concentrations of Tritium (:_H)and Cesium-137 (137Cs) in Columbia Basin (downwind)
and Yakima Valley Wines (upwind), 1991. (Values are the mean of 3 replicate samples
+2 times the standard error as a percent in pCi/L.)

DOH PNL

Variety Location :3H :_H _:_TCs

Red YakimaValley 80 + 90% 580 + 20% 1.9 + 170%
Columbia Basin 100 + 80% 250 + 10% -1.5 + 120%

White YakimaValley 120 + 30% 360 + 30% -1.2 + 150%
Columbia Basin 90 _+ 40% 420 + 50% 0.4 + 280%

0.35
Q Riverview and Richland
A All Other Locations 9°Sr

0.30-

"_ 0,25-
_ .

_ 0.20-

=_ 0.15- A
O.r,_

= 0.10-

o ?
0.05- A a,• • :

i

0.00 I 1 I I
1987 1988 1989 1990 1991

$9203058.104

Figure 4.27. Strontium-90 (9°Sr) Concentrations
in Alfalfa Collected at Riverview and Richland
(irrigated with Columbia River water) and Ali
Other Sampling Locations, 1987 Through 1991.
Values are means + 2 times the standard error.

As a result of figure scale, some uncertainties
(error bars) are concealed by point symbol.
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4.5 Wildlife Surveillance

A number of fish and wildlife species inhabit the Deer
Columbia River and Hanford Site. Wildlife have
access to several areas that contain some radio-

active contamination and fish can be exposed to Samples taken from deer accidently killed on
contamination in spring water entering the river roadways (sampled from areas identified in Fig-

ure 4.28) indicate the general levels of radionu-along the shoreline. It is important therefbre to
monitor fish and wildlife. Fish and some wildlife clides in Hantbrd Site deer. Muscle was sampled

species may be harvested, and monitoring data and analyzed fbr J:_TCsin all deer. Bone was ana-
lyzed for _'°Sr and liver tissue was analyzed fbrprovides a measure of the potential dose asso-

ciated with these activities. Detection of' radio- 2:_sPu and '-':_:_.'-"1°Puin the two deer taken from the

activity in fish and wildlifie may indicate that 100-N Area.
wildlife are entering restricted areas or that

Results were generally nondetectable (4 ofradioactivity is migrating out of restricted areas.
6 samples)tbr _:_TCs(<0.006 pCi/g) in muscle sam-Consequently, many of the collection sites are

located adjacent to restricted areas (Figure 4.28). ples. The maximum concentration of' _:_TCswas
Samples are collected once annually during the 0.007 pCi/g in a deer collected in the 200 Areas.
season of harvest Ibr game species. All results The :'°Sr concentrations in deer bone range from
are reported on a wet weight basis. 1.0 to 1.2 pCi/g in 1991 and were less than the

0.7- to 58-pCi/g levels reported in 1990. The lower

When radioactivity is detected in fish or wildlife, values indicate that the deer sampled were not
exposed to elevated levels ot"_"Sr, and may reflectit is important to estimate what part of that ra-
the removal of' contaminated vegetation from thedioactivity originated at Hanfbrd. Therefbre a

number oi"background samples of wildlife and 100-N Area shoreline. Concentrations oi' 1 pCi/g
fish have been collected ft'ore distant locations for of :'_'Srin bone are considered attributable to fhll-

this purpose. However, only the results fl'om out. Concentrations exceeding 10 pCi/g may
indicate exposure to elevated levels of'_Sr in thebass collected ft'ore the Sunnywide area were

available ibr comparison, environment. The concentrations of'-':_""'-"l°Puin
100-N Area deer liver were <0.0001 pCi/g.

Strontium-90 and z:_TCshave been the most

important and frequently analyzed radionuclides A study was initiated in 1991 to evaluate the
in fish and wildlife. However, a much larger feasibility of' monitoring exposure to ""Sr by sam-

pling deer antlers. Antlers collected from twonumber oi' radionuclides (see Appendix E) are
analyzed, but are not reported unless detected, deer from the 100-N Area had 0.39 and 0.68 pCi/g
Cesium is particularly important because it is :"_Sr, compared to a range of 0.10 to 0.24 pCi/g
chemically similar to potassium and accumulates :J_'Srin deer antlers collected from the Hanfbrd
in the muscle tissue of' fish and wildlife. Strontium townsite, which is not known to have surf'ace con-

is chemically similar to calcium; consequently, it tamination. Levels in antlers are not expected to
accumulates in hard tissues high in calcium like be as high as in bone because they contain a single

season's accumulation, whereas bone accumu-bone, antlers, and clam shells. Plutonium was
monitored in liver because it accumulates in that lates '_"Sr tbr the lifetime of the deer.

organ and is therefore a sensitive indicator. A

complete list of the media sampled, number of Fish
sampling locations, sampling frequency, and

radionuclides analyzed is shown in Table 4.15. Whitefish and carp were collected from the
The locations of' wildlife sample collections are Columbia River near the 300 Area and selected
indicated in Figure 4.28. 100 Area locations. Fish were filleted and muscle
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Figure 4.28. Wildlife Sampling Areas, 1991
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Table 4.15. Number of Species and Locations Sampled and Analyzed for Fish and Wildlife, 1991

Number of Onsite Number of Locations Analyzed
Media Species Locations Gamma "'°Sr_"' :':_Tc U Pu _t''

Fish 3 1 to 3 3 3 1 1 0

Clams 1 2 2 2 0 1 0

Ducks 1'_' 3 3 3 1 0 0

Upland Gamebirds 1'd' 1 1 0 0 0 0

Deer 1 3 3 2 0 0 3

Rabbits 2 3 3 3 0 0 3

(a) Analyzed in bone and some muscle samples.
(b) Analyzed in liver only.
(c) Usually mallards.
(d) Usually pheasants.

and carcass (bone) samples obtained. Ali carcass 0.20
samples were analyzed for'_°Sr. All muscle 90Sr

samples were analyzed for _°Co, '_°Sr, and _:'7Cs; 0.16 -
muscle samples from 300 Area fish were also

analyzed for :_:JTcand _:_"._:"_.'_:_U.Bass samples _ 0.12 -
were not collected from the Columbia River in "_o

1991; however, background results were reported _
d 0.08 -

for samples from a pond near Sunnyside ._ [(Figure 4.29 ).• I._

0.04 -

A total of seven whitefish were collected in 1991, _o • • •five from near the 100-D Area and two from near o 0.00 -

the 300 Area. Muscle sample concent,;_tions of

'_°Co, '"Sr, or _:_TCswere generally not dett,ctable. -0.04 -
The maximum concentrations detected fbr _°Co

and ':'TCs were 0.056 + 90% pCi/g and 0.06 + -0,08 I I 1 I
50c/. pCi/g, respectively. Strontium-90 was not -- Whitefish _ _ Carp _ Bass
detected in any sample (<0.009 pCi/g). Ali car-
cass samples at both locations had detectable 100-D 300 100-N 300 SunnysideArea Area Area Area
concentrations of :'°Sr that ranged from 0.003 _+

100_;_ pCi/g to 0.017 + 24_ pCi/G with no distinc- s92osos_49
tive differences with location with the exception Figure 4.29. Mean Concentrations of Strontium-

that the maximum was in a 100-D Area sample. 90 (t_°Sr)in Whitefish and Carp Carcasses Col-
lected from the Columbia River, and Bass from

Nine carp samples were collected in 1991, 4 from Sunnyside, 1991. Values are means +2 times thestandard error. As a result of figure scale, some
near the 100-N Area and 5 from near the uncertainties (error bars) are concealed by point
300 Area. Concentrations of'_;"Co, :"'Sr, and H7Cs symbol.
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were also generally not detectable in carp muscle. Uranium was present at about 0.1 pCi/g. A clam
Maxflnum concentrations were 0.007 + 90'_. pCi/g, shell collected from the shoreline of the 100-N
0.045 + 30_;__pCi/g, and 0.008 + 40c_ pCi/g, respec- Area in 1990 was analyzed in 1991 Ibr' ';"Co, ""Sr,
tively. All carcass samples at both locations had and _:_Cs. The shell had 266 + 20¢} pCi/g ""Sr;
detectable concentrations of :"'Sr, with the range however, ""Co and ':_7Cs concentrations in the
in the 100-N Area samples (0.010 to 0.26 pCi/g! shell were less than detection (~0.4 pCi/g and 0.2
being distinctly higher than the 300 Area samples pCi/g, respectively},
10.006 to 0.036 pCi/g}. This is consistent with the

elevated levels of:'"Sr in the 100-N Area springs Waterfowl
and clam shells, and the suspected consumption

of clams, including shells, by carp. Duck samples consisting of primarily mallard
ducks were collected from B Pond near the

The above results consistently indicate the pres-
ence of""Sr in fish carcasses, and the difference 200 Areas, West Lake, and the Columbia River

between 300 Area and 100-N Area carp samples, adjacent to the 100-N Area (see Figure 4.28).
as shown in Figure 4.29, suggest an influence The mean concentration (+ 2 standard error) of
from 100 Area operations. Comparison of the _:'TCs(Figure 4.30) detected in the breast meat of
100-N Area carp carcass samples with the mallard ducks collected from B Pond was 0.8 +

5()_) pCi/g. Results from West Lake were moreSunnyside bass carcass samples IFigure 4.291
variable (0.05 + 200')_, pCi/g). Cesium-137 wasalso suggests an impact from Hanfbrd, but is not

conclusive because of the different feeding habits not detected in ducks collected from the Columbia
of the two species. Although bass were not col- River near the 100-N Area. Muscle samples from

lected ft'ore the Hanford Reach in 1991, compari- West Lake, B Pond, and the Columbia River near
son can be made between the Sunnyside back- the 100-N Area were analyzed fbr :'"Sr, but none

was detected (< 0.005 pCi/g) with the exception ofground bass carcass samples, which had an
average concentration of 0.007 _+40_;_pCi/g, and one duck collected fl'om B Pond. The concentra-
the 1990 100-F Slough bass carcass samples, tion was 0.13 + 20_)_pCi/g :'"Sr and exceeded all
which had a mean concentration of 0.03 + other values by a factor of a hundred. The con-

30_,_ pCi/g. This strongly suggests a Hanford centration of"'_Tc in B Pond duck muscle was
<0.26 pCi/g.influence, and analyses of background carp and

whitefish samples are planned. Rabbits

While it appears that bass and carp were exposed

to 100 Area releases, as indicated by the presence Muscle samples from 100-N Area cottontail rab-
of strontium in carcasses (bonel, no radionuclides bits were analyzed for I:_Cs and other gamma-
were consistently detectable in muscle. This is emitting radionuclides, bone samples were ana-
reflected in the dose estimates ISection 4.8_ for lyzed tbr :"'Sr, and liver' samples were analyzed
the maximally exposed individual IMEI), which fi)r ':_"'-'4"Pu. The concentration of:'"Sr in bone

indicates that consumption of Columbia River samples (maximum value, 81 pCi/g/indicated
fish contributed only 9_;_of the 0.02-torero MEI exposure to relatively high :"'Sr contamination
[lose, with the primary contributors being _:*TCs compared, Ibr example, to the 200-West Area
and '"'Sr. where samples were as low as 0.53 _+20_/c pCi/g.

The gamma spectroscopy analysis indicated the
Clams presence of 14 _+4c_ pCi/g ""Co and 0.14 + 80_ _

pCi/g HTCs in the muscle of an individual rabbit.

Clams were sought in the 100-N and 300 Areas The same rabbit had 1.0 pCi/g '_:_:'."'"Puin liver
but were only found in the 300 Area in sufficient tissue. These concentrations exceed the levels
quantity for analysis. Concentrations of"_"Co normally observed in rabbit samples and indicate

and _:_TCswere less than 0.005 and 0.008 pCi/g, exposure to elevated environmental levels of'
respectively, in the 300 Area clam tissue sample, radioactivity.
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3.0 Two of"four jackrabbits collected from the 200-
East Area had detectable t:'TCs in muscle tissue,

1;37Cs
The highest concentration was 0.05 _+40c/, pCi/g.

+_ 2.5 - Plutonium in liver was als() detected in two of the

"_ four liver samples at close to the detection limit

*_ 2.0 - [ of 0.0006 pCi/g. Concentrations of"_°Sr in jack-rabbit b,,ne ranged from 8 to 49 pCi/g, indicating

i exposur_ to elevated environmental concentra-
_ tions.1.5- !

d i
o ! l

+ Gamebirds++1.o-, . + , .""+ i

_ i + Pheasants were collected from the 100-D to 100-F

o 0.5 - ! [ Areas. Breast muscle was analyzed for 6°Co and
+ t:_TCs. Three of eight pheasants had detectable

0.0 I I I 1 levels of t:'TCs that ranged from 0.013 + 80_ to
1987 1988 1989 1990 1991 0.035 + 70c;__pCi/g (2 sigma counting error). In

comparison, domestic chickens had less than
s920305850 0.03 pCi/g (see Section 4.4).

Figure 4.30. Mean Concentrations of Cesium-137
('"TCs) in Mallard Duck Muscle Collected from
B Pond, 1987 Through 1991. Values are means
+2 times the standard error.
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4.6 Soil and Vegetation Surveillance

Surface soil samples were collected fi'orn 26 loca- the soil samples. Sample aliquots were analyzed
tions during 1991, 16 on and 10 off the Hanford for gamma-emitting radionuclides, '°Sr, _:_U, and
Site. Perennial vegetation (shrubs) was collected _:"J."4°pu. Selected samples were also analyzed for
from 20 locations during 1991, 13 on and 7 offthe '-"_'Am. Gamma-emitting radionuclides that are
Hanford Site. The purpose of the sampling was to looked for in the gamma scans are listed in Ap-
detect any build up of' radionuclides from deposi- pendix E.
tion of airborne effluents released from Hanford

facilities. The samples were collected at rela-
tively undisturbed, nonagricultural sites so that Soil Results
natural deposition and build up processes could
be assessed. Of the radionuclide analyses performed, only

'_'°Sr, HVCs, '-':_9'24°pu, and total uranium were con-

Radionuclide contributions t_om Hanford opera- sistently detectable. Soil concentrations for these
tions were assessed by comparing results from radionuclides were evaluated by comparing ali
samples taken 1) onsite with those collected off- onsite to all offsite locations, and by comparing
site, and 2) around the Site perimeter with those background locations to locations on the down-
collected at distant locations. Results were also wind (southeastern) perimeter. The comparisons

compared to results obtained from the same loca- were made using nonparametric statistics
tion in previous years. (Mielke 1984). Three of the five samples ana-

lyzed for _4'Am from onsite, perimeter, and offsite
locations had detectable concentrations with the

"_-'_ample Collection and maximum concentration of 2.5 x 10-_pCi/g being

Analysis _ouna onsite.

Onsite concentrations of"_°Sr, HTCs, 2:"_.24°Pu,and
Soil and vegetation samples were collected at the uranium did not differ from those concentrations

locations shown in Figure 4.31. Most onsite sam- found offsite when the comparison was made

pling locations were near major operating areas, between these two groups. Figure 4.32 shows
where any effects from operations would be ex- median, maximum, and minimum values for
pected to be most apparent. Most of the offsite 1991 and the preceding 5 years. Concentrations
samples were collected around the Site perimeter in 1991 onsite soil samples did not significantly
and in a generally downwind direction where any differ from those obtained in previous years.
offsite effects would be expected to be maximized. However, comparisons with 1990 results can not
Some offsite samples were collected in upwind be made because only one onsite sample was cna-
and distant locations to establish background lyzed in that year, and that sample was from a
concentrations. Downwind is generally consid- location (near and east of the 200-West Area)

ered to be a southeasterly direction while upwind known to have concentrations higher than are
is to the north to northwest from the Hanford typical ibr the Site.
Site. Table 4.16 shows the number and fre-

quency of soil and vegetation samples collected in Statistical comparisons of 1991 results for onsite
1991, and the types of analyses performed, and offsite samples as groups did not show a

difference. However, comparison ofconcentra-
The soil samples were composites of five soil tions ibr two subgroups, the perimeter locations
cores (2.5 cm deep by 10 cm diameter_ taken from (Ringold, Sagemoor, Byers Landing, Riverview,
the same location. Perennial vegetation samples and Yakima Barricade), which are primarily
consisted of new growth taken from predominate downwind, versus the distant (background)
species (e.g., rabbitbrush and sagebrush) and locations (Moses Lake, Yakima, and Sunnyside)
were collected at the same general locations as
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Figure 4.31. Sampling Locations for Soil and Vegetation, 1991
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Table 4.16. Soil and Vegetation Samples Collected in 1991

General Location Number Frequency '_' Analytes 'b_

Soil

Onsite

100-N Area 4 A "q°Sr,gamma scan, U, Pu
200 Areas 6 A '_°Sr, 24_Am, gamma scan, U, Pu
300 Area 1 A _*°Sr,gamma scan, U, Pu
400 Area 2 A "_nSr,gamma scan, U, Pu

600 Area 3 A to 3 y 9°Sr, gamma scan, U, Pu

Offsite

Near 7 A to 3 y 9oSr ' 241Am' gamma scan, U, Pu
Distant 3 A or 5 y .,oSr ' 2,_Am, gamma scan, U, Pu

Vegetation

Onsite

100-N Area 3 A 9°Sr, gamma scan, U, Pu
200 Areas 6 A 9°Sr, gamma scan, U, Pu
300 Area 1 A 9°Sc, gamma scan, U, Pu
400 Area 1 A 9°Sr, gamma scan, U, Pu
600 Area 2 A to 3 y 9°Sr, gamma scan, U, Pu

Offsite

Near 5 A to 3 y 9°Sr, gamma scan, U, Pu

Distant 2 A or 5 y 9°Sr, gamma scan, tj, Pu

(a) A = Annually.

3 y = once every 3 years.
5 y = once every 5 years.

(b) Not all samples are analyzed for all analytes.

indicated a significant difference in concentra- potential doses from such concentrations are small
tions of _'Sr, ':_TCs,and total uranium (greater compared to public dose standards and have been
than 5% significance) as shown in Figure 4.33. considered in the total Site doses reported in
These differences appear to be a result of unu- Section 4.8.
sually low distant sample concentrations rather

than increases in perimeter concentrations, with Analytical results for the individual samples sum-
the exception of uranium. The increase in the marized in this report are tabulated in Bisping
perimeter uranium concentrations compared to (1992).
distant concentrations is likely partially a result
of local variations in natural soil concentrations.

ResultsThe uranium results in Figure 4.33 are based on vege_auon
analytical methods that changed during the time
period, and the apparent increasing trend may be The radionuclide analyses performed on vegeta-
substantially a result of this factor. While the tion samples are listed in Table 4.16. Of these,

differences discussed above were measurable only '°Sr, ':_TCs,2:"J.24°Pu,and total uranium were
using modern analytical techniques, the consistently detectable. Concentrations of these
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Figure 4.32. Median, Maximum and Minimum Strontium.90 (9°Sr), Cesium-137 p37Cs),
Plutonium-239,240 (239.24°pu), and Uranium Concentrations Measured in Soil On and Off

the Hanford Site, 1986 Through 1991. Units are pCi/g (dry weight). As a result of figure
scale, some uncertainties (error bars) are concealed by point symbol.

radionuclides in vegetation were evaluated by Concentrations of '37Cs and _a'_.24°puin 1991 were
comparing all onsite to all offsite locations, and statistically higher in the onsite group of loca-
by comparing background locations to locations tions compared to the offsite group. Concentra-
on the downwind (southeastern) perimeter. The tions ofg°Sr and uranium were not statistically
comparisons were made using nonparametric different between the two groups. Figure 4.34
statistics (Mielke 1984). shows median, maximum and minimum values
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Figure 4.33. Median, Maximum and Minimum Strontium-90 (9°Sr), Cesium-137 (137Cs),

Plutonium-239,240 (23954°pu) and Uranium Concentrations Measured in Soil at the
Hanford Site Perimeter and Distant Locations, 1986 Through 1991. As a result of

figure scale. Some uncertainties (error bars) are concealed by point symbol.

for 1991 and the preceding 5 years. The in- statistically different (at the 5% significance
creased 1_7Cs value in 1986 is attributed to fallout level) than those at the background locations.

from the Chernobyl incident. Cesium-137 concentrations for these groups were

generally not detectable and had a maximum

The 1991 concentrations of _°Sr and _:_9,_4°Puin concentration of about 0.05 pCi/g. Uranium con-

vegetation at the Site perimeter were not centrations at the perimeter and background
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Figure 4.34. Median, Maximum and Minimum Strontium-90 (_JSr), Cesium-137 (':_TCs),
Plutonium-239,240 (239,24°Pu), and Uranium Concentrations Measured in Vegetation at
Onsite and Offsite Locations, 1986 Through 1991. Units are pCi/g (dry weight).

locations were not compared statistically because Analytical results for the individual samples
the results were analyzed under different con- summarized in this report are tabulated in
tracts and methods. Bisping (1992).
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4.7 External Radiation Surveillance

Environmental radiation fields vary significantly chips are included to permit dose rate determina-
from one location to another because of differ- tions in the event of a radiological emergency.
ences in the terrestrial and cosmic components of
natural background radiation. The differences The TLDs were placed at numerous locations
are most influenced by 4°K, _2Th, and 2_sU,which onsite, around the Site perimeter, in nearby and
are the primary components contributing to ter- distant communities, and along the Hanford
restrial natural background radiation. Terres- Reach of the Columbia River (Figures 4.35 and
trial natural background radiation is one of the 4.36). All community and most of the onsite and
components of the total natural background ra- perimeter TLDs were located at air monitoring
diation dose each person receives (nominally 300 stations; however, none of the Columbia River
mrem/yr, see Figure 4.43, Section 4.8, "Potential shoreline TLD locations were adjacent to air
Radiation Doses from 1991 Hanford Operations"). monitoring stations. These placements were
Environmental radiation fields can also be influ- based on historical determinations of locations

enced by the presence of artificially produced with the highest potential for public exposure
radionuclides, such as those deposited as fallout (access areas, population centers downwind, etc.)
from past atmospheric nuclear weapons testing from past operations and the potential for cur-
or those produced and released to the environ- rent public exposures. Placement of a TLD near
ment during the creation or use of nuclear fuel. an air sampler facilitates the confirmation of
External radiation dose rates from natural and measurements.
humanmade sources were measured at a number

of locations on and off the Hanford Site using Dose rates were recorded by TLDs at several
thermoluminescent dosimeters (TLDs). In addi- shoreline locations along the Hanford Reach of
tion, external radiation and contamination sur- the Columbia River (some accessible by the gen-
veys were performed at a number of locations on eral public), and TLDs were submerged in the
and around the Hanford Site. This section dis- Columbia River at two locations (Coyote Rapids
cusses how external radiation was measured, and Richland Pumphouse). Most of the shoreline
how surveys were conducted, and the results of TLD locations were in areas along the river
these measurements, where dose rates have historically been elevated

with respect to typical background levels. These
elevated levels were identified in an extensive

External Radiation shoreline study in 1979 (Sula 1980)and were

Measurements attributed to the radioactivity in shoreline sedi-
ments (primarily 6°Co and L_4Eu)as a result of
liquid releases during past reactor operations in

An environmental TLD station consists of three the 100 Areas. The submerged TLDs provided an
dosimeters, each mounted approximately 1 m estimate of external radiation dose rates that
(3.3 ft) above the ground (except for two stations could be received by a person immersed in the "
that are intentionally s_bmerged in the Columbia river.
River). Each dosimeter consists of a card holding

four LiF (TLD 700) chips and one CaF2:Dy (TLD Dose rates were also recorded by TLDs at three
200) chip. The chips are covered by approxi- community-operated environmental surveillance
mately 1 mm (0.04 in.) of plastic. Measurements stations. These stations are located at Edwin

are taken at all stations quarterly, except for Markham Elementary School, Basin City El-
those at the 100-N shoreline locations, where ementary School, and Leslie Groves Park, as
they are taken monthly because of'elevated ra- shown in Figure 4.35. Each station is managed
diation levels. The 12 TLD 700 chips at each by local school teachers and measures dose
location are analyzed to determine the average rates using both TLDs and portable survey
environmental dose rate. The three TLD 200 instruments.
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Figure 4.35. Thermoluminescent Dosimeter (TLD) Measurement Locations and Station Numbers for

Perimeter and Community Sites, 1991
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Figure 4.36. Thermoluminescent Dosimeter (TLD) Locations and Station Numbers on the Hanford
Reach of the Columbia River, 1991
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External Radiation Results upwind distant h,cations ISunnyside, Yakima,
and Moses Lake only/, was 88 _+_3')_ mrem/yr as
compared to the perimeter average oi' 100 +_6_

Perimeter and offsite locations were monitored mrem/yr. The difference between these average
with TLDs primarily downwind of the Site and dose rates is due to both natural geographic
near population centers. Table 4.17 displays dose variations in terrestrial radiation and variations
rates for the Site perimeter and nearby and dis- resulting from human activities. Many of the
tant communities. The dose rates were approxi- perimeter sites are richer in naturally occurring
mately 15_ higher than those observed during deposits of radioactive potassium and thorium
1990. An increase of the same magnitude was (Rathbun 19891. On the other hand, distant loca-
also observed at all other surveillance locations, tions are near public buildings where the land-This increase could be a result of two factors:

scape has been altered by paving, gravel, etc.
either a uniform increase in natural background These alterations tend to lower the external ra-

radiation occurred or a consistent measurement diation doses relative to natural conditions by
bias was applied to all TLD measurements in shielding a small portion of the terrestrial radia-
l991 that was not applied in 1990. Increases in tion field. Although radiation at the distant loca-

natural background radiation can occur as a tions is not ideal fbr comparison with radiation
result of a 10c_ annual variation in cosmic radia- from unaltered sites, the choice of the distant site
tion as well as a 15% to 25% variation in terres- locations was considered necessary tbr reasons of
trial radiation, depending on soil moisture

security and accessibility.
content (NCRP 1987). Average yearly TLD doses

can also be affected by variations in the sensitiv- Figure 4.37 shows average annual dose rates at
ity of the individual TLDs zero-dose readings, perimeter and distant locations (all upwind and
fading, and random errors in the readout equip- downwind) during 1991 and the previous 5 years.
ment or procedure. These uncertainties can re- Some year-to-year natural variability is appar-
sult in variations in yearly average TLD doses of ent. Natural variability is due to several factors
as much as 12% (Rathbun 1989). as discussed above and year-to-year variations of

10% are not unlikely (NCRP 1987). The below-
The background external radiation dose rate, normal precipitation during the past 5 years
calculated from the annual average results from (approximately 12% less) may account for more

Table 4.17. Dose Rates Measured by Thermoluminescent Dosimeters at Perimeter and Community
Locations, 1991

Map Dose Rate, '_' mrem/yr
Location Location 'b' Maximum Minimum Average 'c'

Perimeter Stations 1-6 106 + 16% 85 + 18% 100 + 6%

Nearby Communities 7-14 95 +_ 10% 88 + 10% 90 + 2%

Distant Communities 15-17 91 ± 8_/_ 86 + 7% 88 + 3%

Community-Operated
Stations 18-20 88 + 5% 77 + 12% 81 + 9%

(a) Quarterly integrated readings in mR were converted to annual dose equivalent rates.
(b) Locations are identified in Figure 4.35.

(c) Averages ±2 times the standard error of the calculated mean (SEM). The averages and 2 SEM
were computed using station averages rather than individual measurements.
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110 Figure 4.36 and Table 4.18 show the location of

• Perimeter the TLDs on the Hanford Reach of'the Columbia
_, Distant i River and their average dose rates. An increase

!

_, of approximately 15% between 1990 and 1991100 "7 was observed at all shoreline locations consistent

_ with the general increase across the network.
"_ Dose rates at the shoreline of the 100-N Area
_ 90- _ ,_

0 _' h, were approximately two to three times greater
_ [ Ai than the typical shoreline dose rates. This in-

0 _ _" crease is attributed to residual radioactivity fl'om
80 - _ _ _ past waste management activities within the

100-N Area. The shoreline in the 100-N Area is

not open for public use, but the adjacent river is
70 - _. open.

Dose rates from two immersed dosimeter loca-

60 I 1 I I I tions indicated that swimmers at these locations
would receive about one-half the external radia-

1986 1987 1988 1989 1990 1991
tion dose rate of a person at a typical shoreline

s920305a_7 location. This difference is expected because they
would be receiving less natural radiation from

Figure 4.37. Annual Average Dose Rates at terrestrial sources.
Perimeter and Distant Locations, 1986 Through

1991 Onsite external radiation was measured at loca-

tions shown in Figure 4.38 and listed in
Table 4.19. Dose rates above background levels

radiation from the soil reaching the TLDs by were observed at several locations during 1991.
increasing radon percolation rates and decreas-

The average onsite dose was approximately 11%
ing the shielding oi' gamma-ray emissions from larger than the measured background. Rates in
natural radionuclides in the ground.

Table 4.18. Dose Rates Measured by Thermoluminescent Dosimeter Along the Hanford Reach
of the Columbia River, 1991

Map Dose Rate, mrem/yr
Location Location'"' Maximum Minimum Average'"'

Typical Shoreline Area .... 1-21 131 + 22% 88 + 5% 103 + 5%

100-NArea Shoreline 'd' 22-25 356 + 40% 184 + 9% 268 + 37%

All Shoreline 125 + 21% '

Immersed in Columbia River '_' 65 + 15% 57 + 31% 61 + 13%

(a) All locations shown in Figure 4.36; immersion points at Richland Pumphouse and Coyote Rapids.
(b) Averages + 2 times the standard error of the calculated mean (SEM). The averages and 2 SEM

were computed using station averages rather than individual measurements.
(c) Quarterly integrated readings in mR were converted to annual dose equivalent rates.
(d) Monthly integrated readings in mR were converted to annual dose equivalent rates.
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59203058.7

Figure 4.38. Themolumineseent Dosimeter (TLD) Locations and Station Numbers on the Hanford
Site, 1991
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Table 4.19. Dose Rates for Thermoluminescent Dosimeter Locations on the Hanford Site, 1991

Map Dose Rate,'"' mrem/yr
Location Location' "' Maximum Minimum Average'"'

100 Areas 1-3 120 _+299_, 82 _+ 10'_ 101 _+ 22_;/,

200 Areas 4-11 104 ± 29c_ 83 +_ 209_ 94 + 5';t

300Area 12-17 99 + 13_ 89 _+ 7Vc 95 -± 3_

400Area 18-21 95 +_ 16% 85 + 109i 90 _+ 5_/

600Area 22-28 170 + 119_. 90 + 21_)t 109 _+ 21_ _

Ali Onsite 98 + 7_J

(a) Quarterly integrated readings in mR were converted to annual dose equivalent rates.
(b) Locations are identified in Figure 4.38.
(c) Averages +2 times the standard error of the calculated mean (SEM). The averages and

2 SEM were computed using station averages rather than individual measurements.

excess of background observed near the 100-N, 1991 one small area of low-level radioactive con-
200-East, and 300 Areas were attributed to direct tamination [less than 1 ft'_(0.09 m_)l was detected

radiation from waste handling and storage facili- on an onsite road and at an onsite rail location.
ties. Some oi" the highest rates onsite are attrib- Contamination was reported to Westinghouse
utable to waste handling activities at U.S. Ecol- Hanford Company and was removed.
ogy (south of the 200-East Area), a non-DOE
facility. Dose rates at the 400 Area FFTF Visitor Portable instrument surveys were conducted
Center and near the west perimeter of the routinely at many of the Columbia River shore-

300 Area (two areas routinely visited by the pub- line TLD locations. These surveys provide a
licl were at typical background levels, gross screening for elevated radiation fields. The

shoreline surveys showed that radiation levels at

Radiation Surveys these locations were comparable to levels mea-sured in the last few years. Unlike many other
monitoring results, road, rail, and shoreline re-

Various onsite roads and railroads, Columbia sults are not listed in Bisping (1992), but are kept
River shoreline, and perimeter locations were in the Surface Environmental Surveillance

surveyed routinely during 1991. Some public Project files at PNL.
(offsite) roads were surveyed into north Richland.

The frequency of surveys cn specific routes for In 1988, an extensive aerial radiologdcal survey
roads and railroads was based on their use and capable of detecting very small changes in
the potential fbr contamination. Specific routes gamma-ray radiation levels coming f?om ground-
and frequencies ibr surveys in 1991 were defined level sources was performed over the Site and the
in a master schedule developed by PNL (Bisping surrounding areas (EG&G 1990). The final re-
19911. port for this study was received and reviewed in

October 1990. The data indicated that the radio-

Roads and raih'oads (Figure 4.39) were surveyed nuclides and associated gamma radiation de-
routinely using mobile scintillation detector's. In tected were generally consistent with those
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Figure 4.39. Road and Railroad Survey Routes, 1991
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expected from normal background sources and study thrther showed that the total amourit of
the past and present activities at the Site. The publicly accessible land area known to have el-
external exposure rates reported by this ,t:_dy crated external radiation levels from past
agree well with the average exposure rate mea- Hantbrd operations (primarily areas on the
sured around the Site and at perimeter locations Hantbrd Reach of the Columbia River) has de-

during the past few years. Some operating areas creased since a similar 1978 study (EG&G 1978).
had external exposure rates approximately 100 Further declines in contaminated area are ex-

times higher than typical background levels, but petted because of the decay of artificially pro-
these areas are inaccessible to the public and are duced radionuclides in some river sediments and

currently under operational safety controls. The changing Site operations.
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4.8 Potential Radiation Doses from

1991 Hanford Operations

Present and past operations at Hanford have from operating waste-water treatment fhcilities
resulted in the release of radionuclides into the and in seepage of contaminated ground water

surrounding environment. Members of the public into the Columbia River. These radioactive ma-
have potentially been exposed to low levels of terials were then transported throughout the
radiation from these effluents through a variety environment by wind and the Columbia River.
of pathways. The potential radiation doses .... to Eventually, animals and people can be exposed to
the public in 1991 from Hanford operations were these radionuclides through external exposure,
calculated fbr tile hypothetical maximally ex- and inhalation and ingestion of contaminated air
posed individual (MEII and for the general public and foodstuffs. Because of the many variables
residing within 80 kin 150 mi) of the Hanford involved in the transport of the radionuclides in
Site. These doses were calculated from effluent the environment, differing living habits of' people,
releases reported by the operating contractors, and the fact that the exposure scenarios em-
and radionuclide measurements in environmen- ployed are conservative, the results of the evalua-

tal media, using Version 1.485 of the GENII code tions are likely to be maximum estimates of the
INapier et al. 1988a, 1988b, 1988c) and Hanford radiation doses potentially received by residents
Site-specific parameters, of the area surrounding the Hanford Site.

The potential dose to the MEI in 1991 from Potential radiation doses to the public from these
Hanfbrd operations was 0.02 mrem 12 x 10.4 releases were evaluated in detail to determine
mSvl, compared to 0.03 mrem 13 x 10 'z roSy) re- compliance with pertinent regulations and limits.
ported fbr 1990. The potential dose to the local The potential radiological impacts of 1.991
population of 380,000 persons IBeck et al. 19911 Hanford operations were assessed in terms of the
from 1991 operations was 0.9 person-rem fbllowing:
(0.009 person-Sv i, compared to 2 person-rem
(0.02 person-Sv_ reported for 1990. The 1991 • dose to a hypothetical MEI at an offsite
average dose to the population was 0.002 mrem location
(2 x 10_' mSv) per person. The current DOE ra-
diation limit for an individual member of the • maximum dose rate from external radiation at

public is 100 mrem/yr ( 1 mSv/yr), and the na- a publicly accessible location on or within the
tional average dose from natural sources is Site boundary
300 mrem/yr (3 mSv/yr). The MEI potentially
received 0.02c_ of the limit and 0.007_;_ of the • dose to an avid sportsman

national average dose from natm'al sources. The
average individual potentially received 0.002_/c of • dose to the population residing within 80 km
the standard and 0.0008_ of the 300 mrem/yr (50 mi) of the operating areas
received from typical natural sources.

• dose rate potentially received by animals
During 1991, radionuclides reached the environ- associated with contaminant releases to the
ment in gaseous and liquid effluents from present Columbia River.

and past Hanford operations. Gaseous effluents
were released from operating stacks and ventila- During 1991, the various unusual environmental

tion exhausts. Liquid effluents were released occurrences listed in Section 2.4, "Environmental
Occurrences," involved potential uncontrolled

(a) Unless stated otherwise the term "dose" in releases of radionuclides into the environment.

this chapter is the "effective dose equivalent" However, no additional dose to the public re-
(see Glossary). sulted from such occurrences.
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Potential Radiation Doses f'r(ml 199l !tanfi)rd Operations

To the extent possible, radiation dose assess- pathways of exposure to radionuclides in Hanlbrd
ments should be based on direct measurements effluents. In reality, such a combination (){'maxi-
of radiation dose rates and radionuclide concen- mized parameters is unlikely to apply to any
trations in the surrounding environment. The single individual.
amounts ot' most radioactive materials released

during 1991 were generally too small t() be meas- The location selected tbr the MEI can vary from
ured directly once they were dispersed in the year to year depending on the relative impor-
of[site environment. For many of the measm'able rance wf the several sources wt'radioactive el'flu-
radionuclides, it was difficult tw identiI}¢ the con- ents released to the air and to the Columbia
tributions from Hanf'ord sources in the presence River from Hanford thcilities.
of those contributed from worldwide fallout and

ft'ore naturally occurring uranium and its decay Historically, two separate h)cations in the

products. Theretbre, in nearly ali instances, Hanford environs have been identified as poten-
potential offsite doses were estimated using tial sites tbr the MEI: the Ring(Hd area 26 km
environmental pathway models that calculate (116mi)east of the 200 Areas separatiwn thcilities,
concentratiwns of radioactive materials in the and the Riverview irrigation district across the
environment 5'ore eftluent releases reported by river li:ore Richlaild (Figure 4.40). The principal
the operating contractors, differences between the two MEI locations are

thal; Ringold is eh)ser than Riverview to the
In the past, the differences in measured concen- Hanfbrd facilities which had been the major con-
trations of certain radionuclides in samples ()f tributors of' airborne eftluents, but the MEI at

Columbia River water collected upstream and Ringwld does not drink water derived from the
downstream of th(_. Hanfbrd Reach were used to Columbia River. The MEI at Riverview, al-
estimate the doses tw the public li'mn these radio- though farther frwm the Hanford sources oi' air-
nuclides entering the river with riverbank seep- borne radionuclides, can be exposed to the one
age oi'ground water. The only tw() radionuclides additional pathway oi'consumption of drinking
routinely tbund at greater concentrations than water derived from the Columbia River.
predicted from direct discharge from the 100 and
300 Areas have been :'H and l_"_I. In recent years, the calculated doses to an MEI at

the two locations have been very nearly the same.
Although the uncertainty associated with the For the 1990 calendar year, the dose calculated

radiation dose calculations has nwt been quan- tbr the MEI at Ringoid was about 5c_, higher than
tiffed, whenever Hantbrd-specific data were not that calculated for the MEI at Rivecview. For the
aw_ilable tbr parameter w_lues (for example, 1.991 calendar year, the situation was reversed
plant uptake and consumption factors) conser- (i.e., the calculated dose to the ME1 at Riverview

vative wdues were selected li'ore the literature was 5_)_higher than that calculated for the MEI
tbr use in environmental transport models. Thus, at Ringold). The change resulted t'rwm the con-
doses calculated using models should be viewed tinued reduction of the quantity of radionuclides
as maximum estimate:_ wf potential dwses released to the atmosphere from Hantbrd
res ul ti ng from Hanford operations, facilities.

Maximally Exposed The tbllowing exposu,'e pathways were included
ir_ the calculation of' doses potentially received by

Individual Dose the MEI for 1991" inhalation oi'and sub,ne,'siwn

in air downwind wf the Site, consumption oi' foods

The MEI is a hypothetical person who lives at a contaminated by radionuclides deposited on the
location and has a postulated lifbstyle such that ground from airborne materials and by irrigation
it is unlikely that other members of the public with water from the Columbia River, direct expo-
would receive higher doses. This individual's sure to radionuclides deposited on the ground,
characteristics were chosen to maximize the com- consumption of drinking water derived Ii'ore the
bined doses from all realistic environmental Columbia River, consumption ()t"fish taken t)'om
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Figure 4.40. Locations Important to Dose Calculations
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Potential Radiation Doses from 1991 Hanford Operations

the Columbia River, and external radiation • consumption of food irrigated with Columbia
during recreation activities on the Columbia RiveT" water containing radionuclides (prima-

River and its shoreline. The MEI for 1991 was rily :_H)(27c;4,)
postulated to be an individual who:

• consumption of drinking water containing
• was a resident of the Riverview area radionuclides (primarily :_H)from the Colum-

bia River (19%)

• consumed homegrown foodstufl_ irrigated
with Columbia River water • consumption of fish containing radionuclides

(primarily HTCs) from the Columbia River
• used the Columbia River extensively Ibr boat- (13%).

ing, swimming, and fishing, and consumed the
fish caught The dose limit fbr any member of the public fi'om

all routine DOE operations is 100 mrem/yr
• drank water that was derived from the Co- (1 mSv/yr). The dose calculated for the MEI was

lumbia River via the Pasco municipal water 0.02% of the DOE limit.
system.

The doses from Hanford operations for the MEI
Doses to the MEI were calculated using the effiu- for 1987 through 1991 are illustrated in Fig-

ent data in Section 4.1, Tables 4.1 through 4.7, ure 4.41. During each year the doses were esti-
and measured quantities ot':_H and estimated mated using methods and computer codes that
quantities of_'-"4Ipresent in the Columbia River were state-of-the-art at the time. Doses were

from riverbank springs as input to the GENII estimated for the location determined to poten-
code. The calculated doses for the MEI are sum- tially result in the highest dose to tile MEI. In
marized in Table 4.20. These values include the 1987 and 1988 both the computer code to col-

potential doses received from exposure to liquid culate the doses and the location of the MEI
and airborne effluents during 1991, as well as the changed. Therefore, some oi'the change in dose
future dose from radionuclides that were depos- from year to year is a result of these factors.
ited in the body during 1991 via inhalation and Specifically, the principal reason for the change
ingestion. As releases from fhcilities and the between 1987 and 1988 was the change in the
doses from these sources decrease, the contribu- location for the MEI. Soldat (1989) presents a
tion of diffuse sources, such as wind-blown con- comparison of the doses for the 5-year period
taminated soil, becomes relatively more signifi- 1983 through 1987 as calculated by these dif
cant. A preliminary upper estimate of the dose t_rent methods. After 1989, the differep.ces in
from diffuse sources is discussed in a following doses calculated for the MEI at the two locations,
subsection (Comparison with Clean Air Act Stan- Ringold and Riverview, have become very small.
dams). This contribution is not included in the

MEI dose. Site-specific parameters tbr food path- Special Case Exposure
ways, diet, and recreational activity used for the
dose calculations are contained in Appendix C. Scenarios

The total dose to the hypothetical MEI in 1991 While characteristics that define the standard

was calculated to be 0.02 mrem _2 x 10 * mSvl and historical MEI are selected to define a high
compared to 0.03 mrem _3 x 10-_) in 1990. The exposure scenario that is unlikely to occur, they
primary pathways contributing to this dose as do not necessarily represent the highest conceiv-
determined by the computer calculations were" able dose scenario that could occur. Low prob-

ability exposure scenarios exist that could con-
. consumption of food containing radionuclides ceivably result in somewhat higher doses. Two

Iprimarily _:_II deposited from the air (37(/_ of"
total dose I
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Potential Radiation Doses fl'om 1991 Hanfbrd Operations

Table 4.20. Doses to the Hypothetical Maximally Exposed Individual from 1991 Hanford Operations

Operating Area Contribution
Doses, mrem '"._"

100 200 300 400 Pathway
Effluent Pathway Areas Areas Area Area Total

Air External'"' 5 x 10-_ 7 x 10" 2 x 10_ 5 x 10 '_ 6 x 10 '_
Inhalation 2 x 10" 8 x 10.4 2 x 10.4 2 x 10 + 0.001
Foods'"' 3 x 10 "7 0.004 0.001 6 x lO s 0.006

Water Recreation .... 2 x 10 -'_ 8 x 10+ 5 x 10 .7 ,r, 2 x 10 '_
Foods'_' 4 x 10 '_ 0.004 2 x 10 '_ --- 0.004
Fish 'h' 0.002 2 x 10 '1 2 x 10 .4 --- 0.002

Drinking water 3 x 10 '_' 0.003 1 x 10" --- 0.003

Total 0.002 0.01 0.002 5 x 10_ 0.02

(al T0 convert these dose values to mSv, divide them by 100.
(bl Values rounded after adding.
tc) Includes air submersion and exposure to ground-deposited radionuclides.
(d) Includes consumption of all foodstuffs contaminated via deposition from the air.
le) External exposure during river recreation plus inadvertent ingestion of water while swimming.
(li There are no releases to the river from the 400 Area.

(gl Includes consumption of' all foodstuffs contaminated via irrigation water and external exposure
to ground contaminated via irrigation.

thl Consumption of fish taken from the Columbia River.

1.O- 1.0 potential scenarios include an individual who
could spend time at the Site boundary location
with the maximum external radiation dose rate,

0.8- - 0.8 _
and a sportsman who might obtain contaminated

© wildlife that migrated fl'om the Site. These spe-
E

0.6- - 0.6 m cial cases are discussed below, as well as the po-
" = tential dose fl'onl consumption of drinking water
_; _,-" at the FFTF Visitors Center.
g 0.4- -0.4 _o

= Maximum "Boundary" Dose Rate
0.2- - 0.2 "_

_" The "boundary" dose rate is the external radia-
tion dose rate measured at publicly accessible

0.0 V-'I [--'] V'-'I r--n _ 0.0 ,,, i , , locations on or near the Site. The "boundary
1987 1988 1989 1990 1991 dose rate was determined from radiation ex-

$9203058.92 posure measurements using fixed radiation
dosimeters (TLDs) at locations of expected

Figure 4.41. Calculated Effective Dose Equiva- elevated dose rates onsite and at representative
lent to the Hypothetical Maximally Exposed lndi- locations offsite. These "boundary" dose rates
vidual, 1987 Through 1991.
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Potential Radiation Doses f'rom 1991. Hanford Operations

should not be used to calculate annual doses to maximum contamination that might exist in anl-
the general public because no one can actually mals hunted oft_ite. This is a unique and rela-
reside at any of these "boundary" locations, tively low probability scenario that is not in-
However, these rates can be used to determine eluded in the MEI calculation.

the dose to a specific individual who might spend
some time at that location. Listed below are examples of the estimated radia-

tion doses that could have resulted if' wildlife,
"Boundary" external radiation dose rates were containing the maximum concentrations mea-
measured in the vicinity of the 100-N, 300, and sured in onsite wildlife in 1991, migrated offsite,
400 (FFTF) Areas, as described in Section 4.7, were hunted, and were consumed. These are
"External Radiation Surveillance." The 200 very low doses, and qualitative observations sug-
Areas results were not used because these loca- gest that the significance of this pathway is fur-
tions are not accessible to the general public, ther reduced because of the relatively low migra-
Radiation measurements made at the 100-N Area tion offsite and the inaccessibility of onsite
shoreline (Figure 4.40) were consistently above wildlife to hunters. Not all of the maximum val-
background level and represent the highest ues were observed in the same animal of' each
measured "boundary" dose rate. The Columbia species sampled. However, the maximum values

River provides public access to an area within a were compounded to arrive at an upper limit to
few hundred meters of the N Reactor and the potential concentrations. These doses would

supporting facilities, be in addition to the MEI dose.

The annual average dose rate at the location with • The dose fi'om eating 1 kg '''' of' meat contain-
the highest exposure rate along the 100-N shore- ing the maximum concentrations of _"Co and
line during 1.991 was 0.04 mrem/h (4 x 10-4roSy/h), _:_TCsmeasured in a deer collected onsite is

or about 0.03 mrem/h above the average back- estimated to be 5 x 10.4 mrem (5 x 10 _ mSv).
ground dose rate of 0.01 mrem/h (1 x 10 '_ mSv/h)
normally observed at offsite shoreline locations. • The dose from eating 1 kg of meat containing
Therefore, for every hour semeone spent at the the maximum concentrations of ';_'Co, '"_Sr,
100-N Area shoreline, the external radiation dose and ':_vCs measured in any duck collected
received from Hanford operations would be about onsite is estimated to be 0.2 mrem (0.002
0.03 mrem (3 x 10SmSv). This dose would be in mSv).
addition to the annual dose calculated for the

MEI at Riverview. In practice the public can ° The dose ft'on] eating 1 kg of meal; containing
approach the shoreline by boat, but they are the maximum amount of_('Co and '_vCs mea-
legally restricted from stepping onto the sured in a pheasant collected onsite is esti-
shoreline, mated to be 1 x 10 -:_mrem (1 x 10 '_ mSv).

The FFTF Visitors Center, located southeast of The methodology fbr calculating doses f'rom con-
the FFTF Reactor building (Figure 4.40), pro- sumption of' wildlife are addressed in more detail

vides public access to the 400 Area. Dose ,'ates in a recent report (Soldat et al. 1990).
measured at this location du,'ing 1991 were es-

sentially equal to normal background radiation FFTF Visitors Center Drinking
levels in the vicinity of'Hanford 10.01 mrem/h Water
(1 x 10 _ mSv/h)].

During 1991, ground water was used as a drink-
Sportsman Dose ing water source at the FFTF Visitors Center

(Figure 4.401. This water is sampled and ann-
Wildlife have access to areas of' the Site that con- lyzed throughout the year in accordance with
tain contamination and could thereby become

contaminated. The potential also exists for con-
taminated wildlife to move offsite. For this rea-

son, sampling is conducted onsite to estimate (a) 1 kg is approximately 2.2 lb.
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Potential Radiation Doses frmn 1991 Hanford Operations

applicable drinking water regulations. Radionu- (DOE 1992e). This first approximation was made
clide concentrations during 1991 were well below based on simplified but conservative assump-
applicable drinking water standards, but concen- tions, which if' refined would be expected to
trations of :'H and 1":'Iwere detected at levels reduce estimates of' doses from these sources.

above typical background values. Based on these

measurements, the potential dose received by a Population Dose
member of the public from drinking 1 L (1 qt) cf
drinking water during a visit to the FFTF Visi-
tot's Center was calculated to be 6 x 10 '1 mrem Pathways of' exposure to the population from

(6 x 10'; m Sv ). The maximum organ dose (thy- releases of radionuclides to the atmosphere in-
clude inhalation, air submersion, and consump-reid) was also calculated to be 6 x 10 1 mrem
tion of contaminated food. Pathways of exposure(6 x 10-" mSv). These doses are very small per-
associated with Hanfbrd-generated radionuclidescentages of the EPA limit of 4 mrem (0.04 mSv).
present in the Columbia River include consump-
tion of drinking water, fish, consumption of irri-

Comparison with Clean Air gated foods, and external exposure during

Act Standards aquatic recreation. The regional population dose
f_om 1991 Hanford operations was estimated by
calculating the radiation dose to the population

Limits for the radiation dose to the public from residing within an 80-km (50-mi) radius of the
air pathways are provided in 40 CFR 61, Subpart onsite operating areas. Results of the dose calcu-
H, of the Clean Air Act (EPA 1990). The regu- lations are shown in Table 4.21. Food pathway,
lation specifies that no member of the public dietary, residency, and recreational activity as-
should receive more than 10 mrem/yr sumptions tbr these calculations are given in
(0.1 mSv/yrl. The 1991 air emissions from Appendix C.Hantbrd facilities resulted in a calculated dose to

the MEI of 0.007 mrem (7 x 10 '_ mSv), which is The potential dose calculated Ibr the population
().07cA of the limit. Thus, the estimated annual was 0.9 person-rem (0.009 person-Sv)in 1991,

dose t]'om Hantbrd airborne effluent releases in compared to 2 person-rem (0.02 person-Sv) in
1991 was well below the Clean Air Act standard. 1990. The 80-km (50-ini) population doses attrib-
The dose calculated to demonstrate compliance uted to Hantbrd operations ft'ore 1987 through
with the Clean Air Act is required to be gener- 1991 are compared in Figure 4.42.
ated using the CAP-88 codes. The dose factors in
these EPA codes, and certain assumptions, differ

Primary pathways contributing to the 1991 dose
somewhat ft'ore those specified in DOE publica- to the population were:
tions (DOE 1988a, 1988b). Nevertheless, the

results ft'ore calculations performed with CAP-88 • consumption of foodstuffs contaminated with
are similar to the doses to an MEI at Ringold radio.nuclides (principally _'-':'I)released with
ft'ore the air-pathways calculated using GENII gaseous eftluents primarily fl'oIn the PUREX
[0.009 mrem (9 x 10_' mSv)]. Plant stack (68_ _of the total dose)

Since 1990 the Clean Air Act 140 CFR 61 Subpart • inhalation oi'radionuclides (principally
H) required DOE to report radioactive air emis- ":_:'.'_"Puand _l_Am_ that were released to the
sions and dose from diflhse sources as well as

air from the PUREX Plant stack (17%}
point sources. Difthse source emissions are very

difficult to measure directly and EPA has not • consumption of drinking water contaminated
specified or approved methodologies Ibr assessing with radionuclides (principally :_HIreleased
diffuse sources. However, a first approximation to the Columbia Rivet' at Hanfbrd (13%).
of the maximum potential ofl_ite public dose fl'om

diffuse and other unmonitored sources was made The average per capita dose ft'ore 1991 Hanfbrd
using receptor location environmental surveil- operations, based on a population of 380,000
lance measurements. The calculated upper- within 80 km (50 mi), was 0.002 mrem (2 x 10-'_'

bound estimate was 0.1 mrem or 1% of the limit mSv I. This dose estimate may be compared with
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Potential Radiation Doses from 1991 Hanford Operations

Table 4.21. Population Doses from 1991 Hanford Operations

Operating Area Contribution
Doses, mrem '''b'

100 200 300 400 Pathway

Effluent Pathway Areas Areas Area Area Total

Air External '_' 2 x 10-_' 9 x 10 '_ 1 x 10-" 0.007 0.008
Inhalation 0.001 0.2 0.01 3 x 10 .7 0.2
Foods _' 9 x 10 '_' 0.6 0.05 7 x 10 (I 0.6

Water Recreation .... 7 x 10 r' 1 x 10 '_ 4 x 10" 'f' 2 x 10-"
Foods'"' 5 x 10 .4 0.004 2 x l0 -'_ --- 0.005
Fish 'h' 5 x 10 's 7 x 10 '_ 7 x 10 '_ --- 7 x 10 '_

Drinking Water 0.001 0.1 6 x 10 '_ --- 0.1

Total 0.004 0.8 0.07 0.007 0.9

(a) To convert these dose values to mSv, divide them by 100.
(b) Values rounded after adding.
(c/ Includes air submersion and exposure to ground-deposited radionuclides.
(d) Includes consumption of all foodstuffs contaminated via deposition fl'om the air.
(e) External exposure during river recreation plus inadvertent ingestion of' water while swimming.
(li There are no releases to the river from the 400 Area.

(g) Includes consumption of all foodstuffs contaminated via irrigation water and external exposure
to ground contaminated via irrigation.

(h) Consumption offish taken from the Columbia River.

10 doses from other routinely encountered sources of
radiation, such as natural terrestrial and cosmic

background radiation, medical treatment and
8 x rays, natural internal body radioactivity, and

E inhalation of naturally occurring radon. The

6 national average radiation doses from these other
sources are illustrated in Figure 4.43. The esti-

® mated per capita dose to individual members of

4 F-ml the public from Hanford sources is a small f_ac-

[ ] tion (approximately 0.0008_;_,) of the annual per

capita dose (300 mrem) from natural background2

i sources.F-1' ' ' ' The doses to the MEI and to the 80-km (50-mi)0 I l I I i
1987 1988 1989 1990 1991 population from Hanford effluents are compared

$920305S.93 to appropriate standards and natural background
radiation in Table 4.22. This table shows that

Figure 4.42, Calculated Effective Dose Equiva- the calculated doses from Hanford operations in
lent to the Population Within 80 km (50 mi) of

1991 are a small percentage of the standards and
Hanford, 1987 Through 1991 of natural background.
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Cosmic, 30 mrem

" 30 mremstnal,

Internal, 40 mrem

Medical X Ray, 39 mrem

Nuclear Medicine, 14 mrem

Consumer Products, 10 mrem

\
Other, 2 mrem

Occupational 1 mrem
[-'-'1 Natural 300 mrem Fallout < 1 mrem

Nuclear Fuel Cycle 0.04 mrem
[-'-] Industrial 65 mrem Miscellaneous 0.04 mrem

$9203058,94

Figure 4.43. National Annual Average Radiation Doses from Various Sources (mrem) (NCRP 1987)

Table 4.22. Summary of Doses to the Public in the Vicinity of Hanford from Various Sources, 1991

Maximum Individual 80-km PopuLation

Source (mrem)'"' (person-rem)'"'

All Hanford Effluents _h' 0.02 0.9
DOE Limit 100 ---
Percent of' DOE Limit 0.02% ---

Background Radiation 300 110,000
Hanford Doses Percent of

BackgTound 0.007% 0.0008%
Doses from Gaseous Effluents _' 0.007 ---
EPA Air Standard 10 ---
Percent of EPA Standard 0.07% ---

(a) To convert the dose values to mSv or person-Sv, divide them by 100.
(b) Calculated with the GENII code.
(c) Calculated with the EPA CAP-88 code.

1.41
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Doses from Other Than these effects will occur. Regulatory agencies con-
servatively (cautiously) assume that the probabil-

DOE Sources ity of health effects at low doses (down to zero)is

proportional to the probability of' health effects
DOE maintains an awareness of other artificial that have been observed historically at much
sources of radiation (other than DOE artificial higher doses/atomic bomb victims, radium dial

sources _, which if combined with the DOE painters, etc.). Therefore, using conservative

sources might have the potential to exceed a dose assumptions, one can infer that even the natural
contribution to any member of the public of background radiation/which is many hundreds of
10 mrem (0.1 mSv). Various non-DOE industrial times greater than radiation from Hanford re-

sources of' public radiation exposure exist at or' leases) increases each person's probability or
near Hanford. These include the low.activity chance of developing a detrimental health effect.
commercial radioactive waste burial ground at
Hanford operated by U.S. Ecology, the nuclear Scientists do not agree about how to translate the
generating station at Hanfbrd operated by Wash- available data on health effects into the numeri-
ington Public Power Supply System ISupply Sys- cal probability irisk_ of detrimental effects from
teml, the nuclear fuel production plant operated low-level radiation doses. Some scientific studies
by Siemens Nuclear Power Corporation, the com- have even indicated that low-level radiation
mercial low-activity radioactive waste compact- doses may be beneficial _HPS 1987_. Because the

ing fhcility operated by Allied Technology Group rate of' cancer and hereditary diseases in the gen-
Corporation, and a commercial decontamination eral population may be caused by a multitude of

facility operated by Pacific Nuclear Services IFig- sources (e.g., genetic defects, sunlight, chemicals,
ure 4.40). With information gathered f'rom the and background radiation,I, some scientists doubt
mentioned companies, it was conservatively de- that the risk from low-level radiation exposure
termined that the total 1991 individual dose from will ever be determined accurately. The EPA has

their activities is the same order of magnitude as used a probability value of approximately 4 per
the MEI dose from Hanford DOE operations, 10 million (4 x 10_) fbr the risk of developing a
0.02 mrem t2 x 10.4 rosy _. Therefore, the com- fetal cancer after receiving a dose of'l mrem
bined dose ft'ore Hanford area non-DOE and DOE (0.01 mSv_ in developing Clean Air Act regula-

sources to a member of the public fbr 1991 was tions _EPA 1989). Recent data (NRC 1990)sup-
well below any regulatory dose limit, port the reduction of this risk value, possibly to

zero, for certain types of' radiation when the dose

Hanford Public Radiation is spread over an extended time.

Dose in Perspective Government agencies are trying to determine
what level of risk is safe for members of' the pub-
lic exposed to pollutants from industrial activitiesSeveral scientific studies cNRC i 980; NRC 1990;

UNSCEAR 1988_ have been perfi)rmed to esti- crbr example, DOE fhcilities, nuclear power
mate the potential risk of' developing detrimental plants, chemical plants, and hazardous waste

sitesl. All of'these industrial activities are con-
health ef'fbct.s from exposure to low levels of' ra-
diation. These studies have provided vital infbr- sidered beneficial to people in some way, such as
mation to those government and scientific organi- providing electricity, national defbnse, waste
zations that recommend radiation dose limits and disposal, and consumer products. These govern-

standards fbr public and occupational safi_ty, ment agencies have a complex task in establish-
ing environmental regulations that maintain

Although increased incidence of"health effects levels of risk safe to the public without unneces-
f'rom low doses of radiation has not actually been sarily reducing the needed productivity of' the
confirmed by the scientific community, most scf industry.
entists accept the conservative hypothesis that

low-level doses increase the probability that
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Potential Radiation Doses ft'ore 1991 Hanfi)rd Operations

The public is subjected to some incremental risks considered approximately equal in risk to the
from exposure to industrial pollutants (radiologi- hypothetical risk from the potential radiation
cal and nonradiological). These risks can be kept dose received by the MEI from Hanford releases

in perspective by comparing them to the in- in 1991.
creased risks involved in other typical activities.

For instance, two added risks that an individual Dose Rates to Animals
receives from flying on an airline are the risks of
added radiation dose (stronger cosmic radiation

Conservative (upper) estimates have been made
field at higher altitude) and the possibility of

of the potential radiation dose to "native aquatic
being in an aircraft accident. Table 4.23 com-

animal organisms," in accordance with a DOE
pares the estimated risks from various radiation

Order 5400.5 interim requirement for manage-doses to the risks of some activities encountered

in everyday life. ment and control of liquid discharges. The com-
puter code CRITR (NCRP 1991) was used to cal-

Another way of looking at the risk of detrimental culate radiation doses for several possible
health effects from Hanford radioactive releases exposure modes, including exposure to water
is shown in Table 4.24. Listed are some activities entering the Columbia River ft'ore springs near

Table 4.23. Estimated Risk from Various Activities and Exposure# "_

Risk of Fatality
Activity or Exposure Per Year Per Person

Riding or driving in a passenger vehicle (300 miles) 2 x 10 _'"
Home accidents 100 x 10 -G'b'

Drihking 1 can of beer or 4 ounces of wine per day 10 x 10"
(liver cancer/cirrhosis)

Pleasure boating (accidents) 6 x 10 '_'hl

Firearms, sporting (accidents) 10 x 10 -_'b'
Smoking 1 pack of cigarettes per day (lung/heart/other diseases) 3600 x 10-"
Eating 4 tablespoons of peanut butter per day (liver cancer) 8 x 10 _
Eating 90 pounds of charcoal-broiled steaks 1 x 10-_

(gastrointestinal-tract cancer)
Drinking chlorinated tap water (trace chloroform--cancer) 3 x 10"
Taking contraceptive pills (side effects) 20 x 10_
Flying as an airline passenger (cross country roundtrip--accidents) 8 x 10_"}'
Flying as an airline passenger (cross country roundtrip--radiation) 0 to 5 x 10-_ -
Natural background radiation dose (300 mrem, 3 mSv) 0 to 120 x 10 '_
Dose of 1 mrem (0.01 mSv) 0 to 0.4 x 10_

Dose to the maximally exposed individual living near Hanford 0 to 0.008 x 10{_
in 1991 (0.02 mrem, 0.0002 mSv)

(a) These values are generally accepted approximations with varying levels of uncertainty; there
can be significant variation as a result of differences in individual lifestyle and biological fac-
tots (Ames et al. 1987; Atallah 1980; Dinman 1980; Wilson and Crouch 1987; Travis and
Hester 1990).

(b) Real actuarial values. Other values are predicted from statistical models. For radiation dose,
the values are reported in a possible range from the least conservative (0) to the current, ac-
cepted most conservative value.
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Table 4.24. Activities Comparable in Risk to that from the 0.02-mrem Dose Calculated for the
1991 Maximally Exposed Individual

Driving or riding in a car 2 km (1.2 mi)
Smoking 1/60 of a cigarette
Flying 5 km (3.1 nail on a commercial airline
Eating 1 1/3 tablespoons of peanut butter
Eating one 0.3-kg (12-ounce) charcoal-broiled steak

Drinking about 1.9 L (2 quarts i of chlorinated tap water
Being exposed to natural background radiation for about 40 minutes in a typical terrestrial location
Drinking about one-third of a can of beer or one-fourth a glass of wine per week for a year

the 100-N Area, and internally deposited radio- estimated dose rate for such a hypothetical duck

nuclides measured in samples of fish and water- was 1 rad/d. This dose rate was calculated using
fowl collected from the Columbia River and in very unlikely concentrations of exposure to arrive

samples of waterfowl and terrestrial animals at an upper limit for the potential dose. It is
collected onsite, highly unlikely that any native aquatic animal

organism received a dose as high as the 1 rad/d-
Because the volumetric flow of the springs at the limit given in DOE Order 5400.5.
100-N Area is so low, no aquatic animal can live
directly in this seepage water. Exposure to the Doses were also estimated for clams, fish, and

radionuclides from the springs cannot occur until waterfowl exposed to Columbia River water con-
the water has been noticeably diluted in the Co- taining a mixture of all the radionuclides reach-
lumbia River. The unlikely assumptions were ing the Columbia River from Hanford sources

made that a few clams, fish, and waterfowl might during 1991. Once again the highest potential
spend their entire life adjacent to the shoreline dose was for a fish-eating duck, 3.0 x 10 _ rad/d.
where the springs enter the river, and that in

this region spring water had only been diluted 10 Dose estimates based on the maximum concen-
to 1 by the river. Based on these extremely con- trations of radionuclides measured in animals
servative assumptions, the highest estimated collected onsite ranged from 1.0 x 10 '_ for white-
dose rate was for a duck that spent its entire lite fish, pheasants, and deer to 1.0 x 10 '_ rad/d for
next to the seepage area and consumed only fish rabbits and ducks.
that had also spent their entire life there. The
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5.0 Ground-Water Protection and Monitoring
Program

The strategy fbr protecting ground water at the Minimization of Hanford liquid effluents will be
Hanfbrd Site is presented in the Hanford Site accomplished by reducing the volume of dis-
Groundwater Protection Management Program charge and reducing the amount of contaminant
(DOE 1989c). Two of the key elements of this being released. Volumes will be reduced by
strategy are to 1) protect the unconfined aquifer eliminating or discontinuing some streams and
from furt,her contamination, and 2) conduct a reconfiguring some facilities. Three of the 33
monitoring program to provide an early warning major liquid effluent streams have been elimi-
when contamination of ground water does occur, hated, and four have been discontinued. Facility
The monitoring program at Hanford has also reconfiguration usually involves replacement oi'
been designed to allow an assessment of the dis- equipment that generates the liquid effluent. As
tribution and movement of'existing ground-water a result of these waste reduction activities, the
contamination, total monthly flow rate for the 33 streams has

been reduced from 350 million gallons per month

Ground-Water Protection _n 1989 to 300 million gallons per month at the
end oi"1991.

The effbrt to protect ground-water quality is be- Chemical and radiological contaminants in the
ing implemented through programs to minimize liquid effluent have also been reduced through
wastes being discharged to the soil column and the implementation of administrative controls
through site remediation activities being carried and engineered barriers. The effect of' these con-
out in accordance with an agreement between the trols will be quantified through a liquid effluent
Washington State Department of Ecology, the sampling program planned fbr 1992.
U.S. Department of Energy (DOE), and the U.S.

Environmental Protection Agency (EPAI. This Site Remediation Activities
agreement, called the Tri-Party Agreement, pro-
vides a framework for remediation of the Hanford
Site over a 30-year period. The Hanfbrd Site contains approximately 1,100

identified waste management units to be charac-
terized and remediated and/or permitted during

Soil Column Discharge Reduction the next 28 years. These units include various
types of liquid waste disposal sites, solid waste

In 1987 Congress directed DOE to prepare a Plan burial grounds, underground tanks, and un-
cll_dSchedule to Discontinue Disposal of Liquids planned release sites. To deal with this number
Into the Soil Columlz at the Hanford Site (DOE of waste units, the Hanford Site was subdivided
1989d). This document presents an implementa- into {bur aggregate areas _Figure 5.11 each of
tion plan for providing alternative treatment and which is included on the EPA National Priorities

disposal of contaminated effluent discharged to List. The four aggregate areas are divided into a
the soil on the Hanford Site. The 33 major waste total of 78 operable units. Each operable unit
streams that have been identified will be ad- will be investigated and remediated as described
dressed in two phases. Phase I projects are con-. in the Tri-Party Agreement.
sidered higher priority, and cessation or alterna-
tive treatment and disposal systems will be Investigations involving ground-water characteri-
implemented by 1995 fbr those streams. Phase II zation have been initiated at four operable units
streams will be dealt w':th after completion of and two aggregate areas. The status of these
Phase I projects, characterizations follows.
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Figure 5.1. Location of 100, 200, 300 and 1100 Aggregate Areas of the National Priorities List for the
Hanford Site
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Operable Unit Investigations wells. Results of these studies will be used to
direct detailed investigations in each of the 100

The ll00-EM-1 Operable Unit consists of seven and 200 Areas.
waste sites associated with vehicle maintenance

operations. It received a high priority because it Expedited Response Action Program
is located near wells used by the City of Richland

for the city water supply system. Characterization An Expedited Response Action is a way to accel-
activities have shown no contamination in the erate cleanup of waste sites. These actions can

aquifer near the City of Richland wells. Ground be taken if a benefit can be gained by starting the
water beneath one oi"the seven waste sites (the action before completion of the entire remedial
Horn Rapids Landfill) has been found to be con- investigation/feasibility study process. Three
taminated with trichloroethylene, nitrate, and sites at Hanford have been selected ibr treatment
gross beta at concentrations above the drinking as Expedited Response Actions. These sites are
water standards. The source of this contamina- the 61.8-9 Burial Ground, the 300 Area Process
tion appears to be fl'om outside the Hanford Site Trenches, and the 200-West Area carbon tetra-
(Brown 1992!. chloride contamination (Brown 1992).

Thirteen waste manageinent units in the north- The 618-9 Burial Ground contained drums of
ern part of the 200-East Area have been grouped organic solveht suspected of containing uranium.

in the 200-BP-1 Operable Unit. These units These drums were disposed of at the site just
received waste from the U Plant uranium recla- west of the 300 Area during the 1950s. During
mation process and 241-BY Tank Farm opera- the response action, the trench at the burial

tions. Nine ground-water monitoring wells ground was excavated. One hundred and twenty
were drilled near the BY tank farm by the drums were found; 42 contained contaminated

end of :1991. Ground-water samples have been liquids. In addition, a large amount of debris was
collected from these new wells and previously also unearthed. Approximately 5,678 L
existing wells for four quarters. (1,500 gal) of liquid were recovered. The liquid

was sampled and analyzed. The results indicate
Work has been also been initiated on the 300-FF-5 the liquid is hexone and other solvents. Initial
Operable Unit. This unit underlies the 300 Area approval has been obtained for disposal of the
and includes all ground water affected by waste liquid through incineration offsite. Final reme-
disposal operations in the 300 Area. Potential dial actions at the site have been proposed and
contaminants of concern include organic solvents, are being reviewed.
radionuclides, metals, and anions. Ground-water

samples were collected from 63 wells including 19 The 300 Area Process Trenches are an active

new wells in the fall of 199l. Results from analy- liquid disposal facility in the 300 Area. Two
sis of the samples are not yet available, trenches are located approximately 300 m (1,000 ft)

west oi' the Columbia River. The trenches

The 100-HR-3 Operable Unit includes the ground received radioactive and hazardous chemical

water underlying the 100-H Area, 100-D Area, waste from operations in the 300 Area. The
and the region between these two. Construction discharge of hazardous wastes to the trenches
of new characterization wells was initiated dur- ended in 1985 but up to 2.2 million L (500,000 gal)
ing 1991; however, no ground-water samples were of water from heating and cooling systems in the
collected from the new wells during the year. buildings in the 300 Area goes to the trenches

every day. Sediment in the trenches contained

Aggregate Area Studies uranium, cadmium, nickel, lead, mercury, copper,
chromium, silver, trichloroethylene, and chloroform.

Integrated ground-water investigations for the
200 and 100 Areas began in September 1991. Removal of contaminated sediment from the

This effort involves synthesis of existing data trenches began in July 1991 and was completed
and collection of some new data from existing by October 1, 1991. This material was removed
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to prevent the clean water that continues to be four of the wells were sampled once, 113 were

disposed of in the trench from mobilizing sampled twice, 101 were sampled approximately
contaminants and transporting them to the quarterly, and 10 wells were sampled more f_e-
ground water and ultimately to the Columbia quently during the year.
River.

These samples were collected as part of' the
Carbon tetrachloride contamination has [ ecn Hanford Ground-Water Environmental Surveil-

found in the vadose zone and ground water near lance Program and other ground-water monitor-
the Plutonium Finishing Plant in the 200-West ing programs. Wells included in the Hanibrd
Area. It is estimated that the bulk of the carbon Ground-Water Surveillance Network are shown

tetrachloride came from and remains near three in Figures 5.2 through 5.5. Ground-water moni-
specific disposal sites near the plant. An esti- toring was conducted at the facilities shown in

mated 600 to 900 tons of carbon tetrachloride was Figure 5.6 to comply with RCRA. The RCRA
disposed of in these sites during their operational monitoring is the responsibility of the contractor
life. An Expedited Response Action is planned operating each facility.
to remove the bulk of carbon tetrachloride from

the soils above the ground water. This action is Although these programs are managed by differ-
intended to remove the source of contaminants ent organizations, all samples are collected by
responsible for the carbon tetrachloride observed sampling teams following a single set of proce-
in ground water in the 200-West Area. Initial dures. Samples were analyzed by PNL and sub-
site characterization activities including a vapor contractor laboratories. A common database is
extraction test have been completed. Based on used to store ground-water chemistry data so
the results of the test, a vapor extraction system that each monitoring program has access to data

will be designed to remove the carbon tetrachlo- collected by other programs.
ride (Brown 1992).

Most ground-water monitoring wells on the Site

Ground-Water Monitoring are 10 to 20 cm in diameter and are constructed
of steel casing. Several small-diameter (5-cm}
wells are sampled for radionuclides only. Moni-

Ground-water monitoring is being performed toring wells for the unconfined aquifer are con-
at the Hanford Rite as an integral part of the structed with well screens or perforated casing
Hanford Site .._oundwater Protection Manage- generally in the upper 3 to 6 m of the aquifer.
ment Program (DOE 1989c). The program in- This construction allows sample collection near
cludes monitoring at active waste disposal facili- the top of the aquifer, where maximum concen-
ties to comply with the Resource Conservation trations for some radionuclides were measured at

and Recovery Act (RCRAI, operational monitor- a few locations on the Hanford Site (Eddy et al.
ing in and adjacent to reactor and chemical ,ro- 1978). Wells monitoring the confined aquifer have
cessing facilities, and environmental surveillance screens ")r perforated casing within the monitored

to assess the impact of Hanford operations on aquifer. Wells drilled before 1985 were generally
ground water both onsite and offsite indepen- con-structed with carbon steel casing. Wells re-

dently of the operating contractors' programs, cently constructed for RCRA monitoring projects
and CERCLA characterizations have been con-

Sample Collection and Analysis structed with stainless steel casing.

Ground-water samples were collected from Samples were collected following documented
528 monitoring wells fbr these monitoring pro- sampling procedures (PNL 19891 based on EPA
grams during 1991. The monitoring frequency guidelines (EPA 19861. Analytical techniques
for the wells was selected based on regulatory used are described in the Hanfbrd Site Environ-

requirements, proximity to waste sources, and mental Monitoring Plan !DOE 1991bl. The 'pe-
the characteristics oi' the ground-water flow sys- cies analyzed for are listed in Table 5.1.
tem at the sampled location. Three hundred and
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Figuze 5.2. Hanford Site Unconfined Aquifer Monitoring Well Locations, 1991. Numbered well loca-
tions are discussod in the text.
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Figure 5.3. Hanford Site Confined Aquifer Monitoring Well Locations, 1991. Numbered well locations
are discussed in the text.
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Figure 5.4. Monitoring Well Locations in the 200-East Area, 1991. Numbered ";veil locations are
discussed in the text.
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discussed in the text.
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Figure 5.6. Locations of RCRA Ground-Water Monitoring Projects and Landmarks on the Hanford
Site

Radiological Analysis 5.5 show environmental surveillance and RCRA

monitoring wells in the 200-East and 200-West
Most ground-water samples tbr the Hanford Areas, respectively. Figure 5.6 shows RCRA
Ground-Water Environmental Surveillance Pro- ground-water monitoring projects throughout the
gram were analyzed for tritium. Selected sam- Hanford Site.

pies were subjected to more extensive radiological
analysis by alpha-, beta-, gamma-counting tech- Chemical Analysis
niques, and in many cases accompanied by selec-
tire radiochemical separations. Uranium analy- The RCRA monitoring wells and a subset of the

sos were performed by a laser fluorescence radiological monitoring network used for opera-
method. A list of radionuclides analyzed is pre- tional monitoring and environmental surveillance
sented in Table 5.1. The radiological monitoring were used for chemical surveillance. Chemical

network for most areas on the Hanford Site is sampling wells were selected primarily/br their
shown in Figures 5.2 and 5.3. Figures 5.4 and proximity to known active and inactive chemical
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Table 5.1. Radionuclides and Chemicals Analyzed for in Ground Water

Radiological
Parameters Chemical Parameters

_H pH (field and laboratory)

_;°Co Conductance (field)

"°Sr Alkalinity

:)"Tc Total Carbon

l°:_Ru Total Organic Carbon

_°_Ru Total Organic Halogens

12_Sb B, Be, Na, Mg, Al, K, Co, Si

_29I Ca, V, Cr, Mn, Fe, Ni

1_I Cu, Zn, Sr, Ag, Cd, Sb, Ba

'37Cs F, Cl-, NO_, PO; 3, SO__, NO_

241Am As, Se, Pb, T1

Total Alpha Hg

Total Beta CN

Plutonium Isotopes NH 3

Uranium Isotopes Volatile Organic Constituents

Uranium (total) Semi-Volatile Organic Constituents

Table 5.2. Major Chemical anu Radiological Ground-Water Contaminants and Their Link
to Site Operations

.........F._ac i__.t_!es.._Ty_pe_.......................... .Area Constituents

Reactor Operations 100 tritium, _°Co, 9°Sr, Cr .6, SO_2

Irradiated Fuel Processing 200 tritium, 137Cs, 9°Sr, _'_9I,""Tc, NO_, Cr "_,
CN, F U, Pu

Plutonium Purification 200 Pu, 24_Am, NO_, CC14, CHC13

Fuel Fabrication 300 U, "9Tc, Cr .6, Trichloroethylene, Cu
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disposal sites. Table 5.2 lists major contami- discussed. The distribution of:'H, ';"Co, _"'Sr, :':)Tc,
nants found in each area. The list of chemicals _'_Sb, l_"I, HTCs, uranium, and plutonium, will be
analyzed for is presented in Table 5.1. discussed in the following section. Americium-

241 is also mentioned in association with other

Results radionuclides. The type of operation resulting in
the release of these radionuclides to the ground

Ground-water monitoring information obtained water are listed in Table 5.2. The table also lists
for the RCRA monitoring program is reported by the locations where these operations were
DOE (DOE 1992a) and fbr drinking water sup- performed.
plies on the Hanfbrd Site by Hanford Environ-
mental Health Foundation (Thurman 1991). In- Tritium. Tritium is present in many waste

fbrmation gathered in support of the CERCLA streams discharged to the soil column and is
program are reported in Remedial Investigation the most mobile radionuclide onsite. As a result,
reports. Detailed discussions of all monitoring :3H reflects the extent of contamination in the
results for the year are reported in another docu- ground water from Site operations and is the
ment (for example, Evans et al. 1992). High- radionuclide most frequently monitored at the
lights of those results are discussed below. Hanford Site. Figure 5.7 shows the 1991 distri-

bution of :_H in the unconfined aquifer resulting

Concentrations of radionuclides and chemicals in from over 47 years of Site operations. Contours

ground water were compared to EPA's drinking of :_Hconcentrations were based on the analysis
water standards (DWS) and DOE's Derived Con- of ground-water samples collected from monitor-

centration Guides (DCG) (Tables B.2, B.3, and ing wells.

B.6, Appendix B). Onsite drinking water supply
wells at the Fast Flux Test Facility (FFTF) are Tritium concentrations greater than the 20,000-
discussed in Section 4.8, "Potential Radiation pCi/L DWS were detected in portions of the

Doses from 1991 Hanford Operations." Drinking 100-D, 100-K, 100-N, 200-East, 200-West, 400,
water standards are more restrictive than the and 600 Areas. Well 199-K-30 continued to con-
DCG because the DWS are based on an annual tain the highest :_Hconcentration within the

dose to the affected organ of 4 mrem/yr and the 100 Areas with a maximum concentration of
DCG are based on an effective dose equivalent of 798,000 pCi/L, similar to the high for 1990 but
100 mrem/yr (see "Applicable Standardu and Per- somewhat lower than the maximum of 1,220,000
mits and Environmental Compliance Documenta- pCi/L in 1988. Well 199-K-27 also showed a de-
tion," Appendix B). The DCGs are available only crease in :_H concentrations relative to 1990,
for radionuclides. Derived Concentration Guides down to 40,400 in April 1991 from a high of

are presented in DOE Order 5400.5. 134,000 in 1990. Wells 199-K-28 and 199-K-29,
located between and near the other two wells,

Radiological Monitoring Results for the remained at relatively low :lH concentI ations
Unconfined Aquifer (2,000 and 6,000 pCi/L, respectively).

Radio_lclides analyzed for in ground water are Concentrations greater than the 2,000,000-pCi/L
listed in Table 5.1. Ruthenium-103, ""_Ru, and DCG were detected in four wells in the 200-East

HlI have relatively short halMives and histori- Area. The highest :_Hconcentrations in the
cally have been detected near operating reactors 200-East Area continued to be in wells near cribs
or liquid waste disposal facilities near active fuel that have received effluent from the PUREX
reprocessing facilities. These radionuclides have Plant. Tritium concentrations gTeater than the
not been observed in concentrations above the DCG were present in wells near the 216-A-10,

DWS, and in general, have not been detected 216-A-36B, 21 r-A-37-1, and 216-A-45 cribs. The
since soon after the shutdown of N Reactor and ground-water _SHconcentration measured in well

the PUREX Plant. Alpha and beta are used as 299-E25-19 was 2,140,000 pCi/L in 1991. That
indicators of radionuclide distribution and are concentration is approximately half that meas-
not discussed in detail because the radionuclides ured a year earlier. The highest :_Hlevel

contributing to these measurements are observed in 1991 was 3,360,000 pCi/L in well
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299-E17-20. Tritium concentrations exceeding which clearly shows arrival of the plume in early
the DWS continued to occur in most other wells 1987 tbllowing the passage of the plume from the
affected by these cribs, earlier campaign. The first plume had reached

much higher levels in the mid 1960s. A trend
The movement of the widespread :_Hplume (see plot of":_Hconcentrations in well 699-24-33 is
Figure 5.7) extending from the southeastern por- shown in Figure 5.8. By contrast, a trend plot of
tion of the 200-East Area to the Columbia River the :_Hconcentrations in well 699-40-1 located

was consistent with patterns noted earlier (Woo- near the shore ofthe Columbia River (Figure 5.9)

druffet al. 1991; Evans et al. 1992). Separate :_H shows the arrival in the early 1970s of the plume
pulses associated with the two episodes of PUREX from the first campaign with no discernable effect
operations can be distinguished in the plume, as yet from the second plume.
The 200,000- to 2,000,000-pCi/L lobe east oi' the
200-East Area near the Columbia River is a re- The eastern portion of the plume continues to
suit of discharges to ground water during the move to the east-southeast and discharge into the
operation of the PUREX Plant fl'om 1956 to 1972. Columbia River. Figx_re 5.10 shows the trend of
Following an ll-year shutdown, plant operation :'I-I concentrations in well 699-S19-E13, located
began again in 1983 and ceased in December just north of the 300 Area. In recent years, this
1988. Elevated :_H concentrations measured in well has shown a steady increase in :'H, having
several wells (tbr example, wells 699-32-43, and reached a new maximum value of 9,110 pCi/L in
699-24-33) downgradient from the 200-East Area December 1991. The plume is not expected to
represent the fbrmation of a second pulse of :'H move much farther south because of the influence
moving away from PUREX waste disposal facili- oi' the Yakima River on ground-water flow in this
ties. Large-scale movement of the leading edge of area. The Yakima River is at a higher elevation
this plume is best observed in well 699-24-33, than the ground water in this area, which is in
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Figure 5.8. Trend Plot of Tritium (ai-I) Concentrations in Well 699-24-33
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Figure 5.9. Trend Plot of Tritium (3H) Concentrations in Well 699-40.1
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Figure 5.10. Trend Plot of Tritium (3H) Concentrations in Well 699-S19-E13
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turn at a higher elevation than the Columbia the Site. That well was not sampled in 1991;
River (Newcomer et al. 1991). As a result, however, results from early 1992 indicate the :_H

ground water flows from west to east, limiting concentration has remained above 4 million
the extent of southward movement of the con- pCi/L. Movement of the :JHplume extending
taminant plume, north and east from the REDOX Plant was

indicated by changes in the :_Hconcentrations in
The configuration of the western portion of the several wells in the plume. Concentrations in
plume closely matches previous predictions of well 699-35-70 continued to decrease slightly,
the direction of contaminant movement from suggesting that peak concentrations may have
the 200-East Area (Freshley and Graham 1988). moved beyond this well. Figure 5.11 shows the
Movement to the south may be enhanced by the :_Hconcentrations in well 699-35-70 since the mid
spreading ground-water mound beneath B Pond. 1960s with the passage of the :q_tplume in evi-
This mound is spreading as a result of increased dence. The current '_H concentrations in the well
discharge of steam condensate and process cool- are about five-fold below the peak concentration
ing water to B Pond since 1984 when Gable corrected for radioactive decay since the peak
Mountain Pond was deactivated, occurred in 1976. Plume movement in that area

is slow because of low hydraulic conductivity in
The movement of :_H plumes in the 200-West the unconfined aquifer; however, some perceptible
Area was also consistent with previous observa- movement is still occurring. Concentrations in
tions. The plume extending from near the Reduc- wells near the center of the plume remained
tion Oxidation (REDOX) Plant in the southern relatively constant. The northernmost extent of
part of the 200-West Area continued to move the plume appeared to be near well 699-40-62.
slowly to the east and north. Only one well in Well 699-44-64, north of well 699-40-62, has
the 200-West Area (299-W22-9) continued to shown a small but steady increase over the last
show '_H levels in excess of the DCG during 1990; 24 months, reaching a new high of 814 pCi/L in
however, that well contained the highest 3H April 1990.
levels of any ground-water monitoring wells on
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Figure 5.11. Trend Plot of Tritium (ai-I) Concentrations in Well 699-35-70
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Cobalt-60. Ali '"'Co concentrations were in well 199-N-67 is given ill Figure 5.13, showing
consistently near or below the detection limit the continuing decrease ill '"Sr in that well.
(20 pCi/L) fbi" wells monitored in 1991 except in Concentration-¢ ot'-'"Sr ranged up to 3,150 pCi/L
a region north of the 200 Areas affected by waste in the 200-East Area near the 216-B-5 Reverse
disposed of in the BY cribs (Figure 5.12 i. The Injection Well. Concentrations of""Sr above the
highest level of""Co in 1991 was/bund in well DWS Imaximum of 171 pCi/L in well 699-53-48B)
699-50-53 (449 pCi/L). Cobalt-60 in this area but less than the DCG were detected in several

appears to be highly mobile, probably because wells near Gable Mountain Pond. Strontium-90
of the presence of a soluble cobalt-cyanide(or contamination in that area resulted ft'ore the
ferrocyanide) complex associated with the accidental discharge of radioactive waste to Gable
plume originating in the BY cribs. Mountain Pond during its early use. Strontium-

90 has since migrated through the sedimentary
Strontium-90. Concentrations of""Sr were column to the ground water, which is relatively

above the 8-pCi/L DWS in wells in the 100-B, close to the surface at that location. Initial break-
100-D, 100-F, 100-K, 100-N, 200-East, and through occurred in 1980 in some areas and later
600 Areas. Concentrations of :_"Sr were greater in others. Trend plots showing :"'SI"breakthrough
than the 1,000-pCi/L DCG in the 100-N and 200- for several representative Gable Mountain Pond
East Areas, ranging up to 6,060 pCi/L in the monitoring wells are shown in Figure 5.14. Well
100-N Area (well 199-N-671, significantly reduced 699-53-47B appears to show a slightly increasing
fl'orn the maximum of 23,400 pCi/L reached in trend. Areas with :"'SI" above the DWS are shown
March 1989. A trend plot of"'_Sr concentrations in Figures 5.12 and 5.15.
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:-_ ._ Area ' .... i "_BPond
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Figure 5.12. Distribution of Radionuclides Except Tritium at Concentrations Above the Drinking
Water Standard in the Vicinity of the 200 Areas, 1991
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Figure 5.13. Trend Plot of Strontium-90 ("°Sr) Concentrations in Well 199-N-67

200
Strontium-90 Concentrations in
Wells Near Gable Mountain Pond

• 699-53-47A /150 -
/._ * 699-53-47B

° j_ 299-53-48A
100

c..)
50

0 , _, ,
1/1/80 1/1/82 1/1/84 1/1/86 1/1/88 1/1/90 1/1/92

Collection Date
S9203058.83
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Figure 5.15. Distribution of Radionuclides and Hazardous Chemicals at Concentrations Above the
Drinking Water Standard in the Vicinity of the 100 Areas, 1991

Technetium-99. Concentrations of""Tc years). At Hanford, the main contributor' of 1""I to

greater than the 900-pCi/L DWS were detected in ground water has been liquid discharges to cribs
wells in the 100-H, 200-East, and 200-West Areas in the 200 Areas. Assay of that isotope by high-

and in portions of the 600 Area. These locations sensitivity, direct-counting methods requires h)ng
are identified on Figures 5.12 and 5.15. Concen- counting times with correspondingly low analyti-
trations did not exceed the 100,000-pCi/L DCG in cal throughput. The highest concentrations ob-
any well sampled in 1991. served onsite are downgradient from the REDOX

and PUREX Plants. The highest '""I concentra-

Antimony-125. Antimony-125 (_:'Sb), a tion observed in 1991 in Hantbrd ground water
gamma emitter, has been measured in the past was 44 pCi/L found in well 699-35-70. Many
in a few wells in N and K Areas. Concentrations wells sampled in the 200-West, 200-East, and

measured in samples ft'ore these two areas have 600 Areas had concentrations somewhat above
been as high as 305 pCi/L near the 1325-N LWDF the DWS (Figure 5.12); however, none were above
in 1987. In 1991, however, the maximum concen- the DCG (500 pCi/L).
trations observed were 103 pCi/L in samples col-
lected from one 100-K Area well and 30 pCi/L in Cesium-137. Concentrations oi' _:'vCs were

samples from several 100-.N Area wells. The DWS below the detection limit (23 pCi/L) except in
tbr _:'Sb is 300 pCi/L, and the DCG is 60,000 pCi/L, three wells located near the 216-B-5 Reverse

Injection Well (Figmre 5.4). The 216-B-5 reverse

Iodine-129. The presence of "-'"Iin ground well received an estimated 31.8 Ci of ':_TCs
water is significant, because of its relatively low (decayed through April 1, 1986) during its
DWS (1 pCi/L), its potential for accumulation in operation from 1945 to 1947 (Stenner et al. 1988).
the environment as a result of long-term releases The DWS for _:_TCsis 200 pCi/L, and the DCG is
from nuclear fuel reprocessing facilities (Soldat 3,000 pCi/L. The area with HTCs above the DWS
1976), and its relatively long half-life (16 million is depicted in Figure 5.12. Most ofthe wells
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located near the 216-B-5 Reverse Injection Well installed well farther downgradient from the
were not sampled in 1991 because of newly cribs near U Plant itself (299-W19-29) was sam-

implemented restrictions on entry to radiation pled fbr the first time in 1991 with a maximum
protection zones, value of 2,240 pCi/L reported. It thus appears

that the plume center has shifted somewhat to
Uranium. The highest uranium levels in the east consistent with known ground-water

Hanford ground water occurred in wells adjacent flow in that part of the Site.
to the inactive 216-U-1 and 216-U-2 cribs (Fig-

ure 5.5). Uranium concentrations in these wells A plume of uranium exists in the unconfined
have been decreasing over the last 4 years follow- aquifkr beneath the 300 Area in the vicinity of
ing remediation activities associated with those uranium fuel fabrication facilities and inactive
cribs. The total uranium concentration in well waste sites known to have received uranium

299-W19-3 dropped fl'om 11,500 pCi/L in January waste. The extent of the plume was limited to
1987 to 737 pCi/L in April 1990. Well 299-W19-3 an area downgradient from active and inactive
and other several other key wells near the 216- LWDFs. Uranium concentrations in wells in and
U-1 and 216-U-2 cribs were not sampled for uran- adjacent to the 300 Area ranged up to 362 pCi/L
ium in 1991 because of programmatic reductions during 1991. These concentrations were similar
in the operational ground-water monitoring pro- to those measured in previous years. An Expe-
gram; however, samples were collected from well dited Response Action performed on the 300 Area
299-W19-18, which is located downgradient of the Process Trenches in mid-1991 was aimed at
cribs. This well showed a maximum of 897 pCi/L reducing the uranium source in that area. Use
in early 1991. Uranium levels in that well and of the trenches was resumed following comple-
others nearby appear to have stabilized. A trend tion of the remedial action. Uranium levels in
plot of uranium concentrations for well 299-W19- well 399-1-17A appear to have been reduced fol-

18 is shown in Figure 5.16. In addition, a newly lowing that action; levels apparently stabilized
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Figure 5.16. Trend Plot of Uranium Concentrations in Well 299-W19-18
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about a ['actor of 10 below the maximum values restrictions on entry to radiation protection
seen in 1990. A trend plot showing the uranium zones. Ground water at well 299-E28-25
concentrations in that well is shown in Fig- contained 13.3 pCi/L irl 1991, similar tc) the
ure 5.17. Well 399-1-17A is located near the levels seen in the past 2 years. Plutoniunl was

down-ga'adient discharge point for the 300 Area detected in 1989 in another nearby weil, 299-
Process Trenches. That well has shown cyclic E28-24, and ranged up to 144 pCi/L in 1990.
variations in the uranium level in the past,. It is That well 'vas not sampled in 199l. Plutonium-
thus too early to conclusively ascertain if the 238 has been detected at much lower le-els in ali

remedial action was completely effective, three wells. The 216-B-5 Reverse Injection Well
received an estimated 244 Ci of _:""'"_4"puduring its

Plutonium. A survey of plutonium in ground operation from 1945 to 1947 (Stenner et al. 1988).
water was undertaken during 1991. The survey The DCG of 300 pCi/L fbr _:_'Pu was reduced to
covered 132 wells including most of the usable 30 pCi/L effective February 1990. There is no
wells in the 200 Areas and a few selected explicit DWS fbr _:"'Pu; however, the gross alpha
600 Area wells. Concentrations of _:"_"_4"puwere DWS of 15 pCi/L would be applicable at a mini-
below the detection limit in all wells, except fbr mum. Alternately, if"the DCG (which is based on
one well located near the 216-B-5 Reverse Injec- a 100-torero dose standard) is conwwted to the
tion Well (Figure 5.4) and one well in the 4-torero dose equivalent used for the DWS,
200-West Area. Plutonium is generally consid- 1.2 pCi/L would be the relevant guideline,.
ered to bind strongly to sediments and thus has
limited mobility in the aquifer. Ground water Plutonium-239,240 was detected tbr the first time
sampled at well 299-E28-23 contained 21.7 pCi/L in May 1990 in a well located in the 200-West
of'_:':_,_4°puin 1990. That well could not be sam- Area (299-W15-8). That well monitors the

pled in 1991 because of newly implemented 216-Z-9 crib, which received a large burden of
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plutonium and americium t?om Z Plant liquid The tbllowing section presents additional informa-
effluent streams. No previous transuranic tion on the seven constituents occurring in ground
measurements were available for this well. As water at concentrations above existing or pro-
the data were received just before termination of posed drinking water standards.
the analytical contract with United States
Testing, Inc., it was not possible to verify the Nita'ate. Concentrations. Most ground-water

observation. The measured concentration of samples collected in 1991 were tmalyzed for nitrate.
"3:'._4°Puwas 8.3 pCi/L. Plutonium-238 was also Nitrate was measured at concentrations greater

detected in the same sample (0.14 pCi/L). The than the DWS (45 mg/L NO:_ ion) in wells in all
:yell was resampled on November 14, 1991. operational areas except the 400 Area.
Unfiltered, aeidified samples were collected in

the normal manner for transuranic analysis. In Although nitrate is associated primarily with
addition, a filtered, acidified sample was collected process condensate liquid wastes, other liquids
fbr plutonium assay. The unfiltered samples discharged to ground also contain nitrate. Ni-
confirmed the presence of' _:_'.2"_Pu(1.9 pCi/L), trate contamination in the unconfined aquifer
_':_sPu(0.03 pCi/L), and 24_Am (5.9 pCi/L). No reflects the extensive use of nitric acid in decon-

plutonium was tbund in the filtered samples, tamination and chemical reprocessing operations.
confirming that the transuranic fraction is Nitrate, like :_H, can be used to deft ne the extent
associated with particulate material, of contamination because nitrate is present in

many waste streams and is mobile in ground
Chemical Monitoring Results for the water. The distribution of nitrate on the Hanford

Unconfined Aquifer Site is shown in Figure 5.18. The nitrate distri-
bution shown in Figure 5.18 is similar to previous

Chemical analyses performed on ground-water evaluations.
samples by various monitoring programs at Han-
ford are listed in Table 5.1. These analyses have Although most nitrate observed onsite is the re-
identified seven hazardous chemicals occurring in sult of Hanford operations, elevated nitrate con-
ground water at concentrations above existing or centrations in wells to the west of the Site appear
proposed federal drinking water standards. These to be the result of increasing agricultural activity

are NO:_, CN, F-, Cr% carbon tetrachloride, in Cold Creek Valley. There is no known source
chloroform_ and trichloroethylene, of nitrate in that area associated with Site opera-

tions, and wells located between well 699-36-93
A number oi' the constituents measured such as and Hanford waste disposal facilities show no

conductance, total carbon, total organic carbon, evidence of plume passage. Nitrate levels have
and total organic halogens are used as indicators fluctuated considerably in those wells over the
of contamination. These will not be discussed in past 30 years and again appear to be increasing,
detail in this report because the specific contami- particularly in w" 11699-36-93. A trend plot of
nant contributing to these parameters will be dis- nitrate data associated with well 699-36-93 near

cussed. Other chemicals listed in Table 5.1 are the Yakima Ridge is shown in Figure 5.19. Nitrate
indicators of the na _ural chemical composition levels have been near or above the DWS in that
of ground water and in general are not contami- well since 1985.
nants fi'om operations at Hanford. These include

alkalinity, pH, Na, Mg, K, Al, Si, Ca, Mn, Fe, Cl, The highest nitrate concentrations in the 200-

and SO4 ='. The analytical technique used to deter- East Area continued to be ft)und near LWDFs
mine the concentration of metals in ground water that received effluent from PUREX operations.
provides results for a number of constituents that Nitrate concentrations in wells near the 216-A-10
are rarely observed above background concentra- and 216-A-36B cribs have generally tended to
tions such as V, Ni, Cu, Zn, Sr, Ag, Cd, Sb, Ba, Be, decrease in the past few years but remained

and B. Table 5.1 lists several additional analyses above the DWS even though these facilities
(Hg, As, Se, Pb, and TI) perfbrmed on samples were removed ft'ore service in 1987.
from selected locations where wastes containing
these materials may have been disposed.
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Figure 5.19. Trend Plot of Nitrate Concentrations in Well 699-36-93

The configuration of the nitrate plume emanat- over 1 million kg of nitrate during their operation
ing from the 200-East Area shows the influence from 1951 to 1967 (Stenner et al. 1988). Nitrate

of two periods of PUREX operation and recent concentrations in wells located near the 216-U-1
changes in the operation orB Pond. The location and 216-U-2 cribs west of U Plant continued to
of B Pond is shown in Figure 5.2. Increases in decrease, with concentrations in several of the
the volume of process cooling water discharged to wells dropping below the DWS. For example, the
B Pond may have resulted in the expanding area nitrate concentration in well 299-W19-18 located
of lower nitrate concentrations in ground water to near U Plant has dropped below the DWS as
the east and south of that facility (see Figure 5.18). shown in Figure 5.20.

Nitrate concentrations above the DWS were wide- Several wells in the northwestern part of the
spread in ground water beneath the 200-West 200-West Area continued to contain nitrate at

Area. Highest concentrations were centered in concentrations greater than the DWS. These
three locations: 1) wells near U Plant, 2) wells wells are located near several inactive LWDFs

in the northwestern part of the 200-West Area, that received waste from early T Plant operations.
and 3) wells near the 216-S-25 crib. The highest Maximum concentrations in these wells in 1991
nitrate concentrations across the Site continued ranged up to 791 mg/L in well 299-W15-4, similar
to be found in wells east of U Plant near the 216- to that observed in recent years.
U-17 crib. The presence of nitrate in wells near
this crib was observed before February 1988 Cyanide Concentrations. In past monitor-
when the crib went into operation. The source of ing activities, cyanide was detected in samples
nitrate is believed to be wastes disposed of in the collected from wells in and directly north of the
216-U-1 and 216-U-2 cribs. These cribs received 200-East Area. The cyanide source is believed to
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Figure 5.20. Trend Plot of Nitrate Concentrations in Well 299-W19-18

be wastes containing ferrocyanide disposed of in maximum concentration in 1988 was 12.8 mg/L
the BY cribs. Samples taken in 1991 by routine irl well 299-W15-4. Because of considerations
monitoring programs had a maximum cyanide asscciated with disposal of purgewater, no
concentration of 760 _tg/L (,well 699-50-53). Wells 200-West Area wells in the fluoride plume were

containing cyanide also contained concentrations sampled in 1989 or 1990. Well 299-W15-4
of several radionuclides, including ""Co. Although showed a fluoride concentration of 7.0 mg/L in
""Co is normally immobile in the subsurface, it 1991, somewhat lower than the previous maxi-

appears to be chemically complexed and mobi- mum. All wells sampled outside the 200-West
lized by cyanide or ferrocyanide. A more exten- Area contained fluoride levels below the DWS.

sive study of cyanide was performed for the 200 The DWS for fluoride is 2.0 mg/L. A map depict-
BP-1 Remedial Investigation. However, the data ing the fluoride plume above the DWS in the
are still being reviewed. Cyanide also has been 200-West Area is shown in Figure 5.21.
detected in tbur widely spaced wells in the
200-West Area; the highest level reported in Chromium Concentrations. Chromium has
1991 was 70 [tg/L in well 299-W14-2, essentially been found in ground water from wells in the
identical to the previous measurement made in 100-B, 100-D, 100-H, and 100-K Areas. In addi-
1988. No fbrmal DWS has been established for tion, at least one well in the 100-F Area had de-
cyanide. A standard of 200 lag/L has been pro- tectable hexavalent chromium. The highest mea-
posed by the EPA. sured chromium concentrations onsite in recent

years have been found in well 199-D5-12. This
Fluoride Concentrations. Fluoride con- well was not sampled for chromium in 1991. De-

centrations above the DWS occurred in a few tectable chromium was also found in various

wells in the 200-West Area near T Plant. The parts of the 600 Area, particularly near the 100-D
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Figure 5.21. Distribution of Hazardous Chemicals Except Nitrate Above the Drinking Water Standard
in the Vicinity of the 200 Areas, 1991

and 100-H Areas. The highest concentration was Carbon Tetrachloride Concentrations.
found in well 699-97-43 (approximately 1 km Carbon tetrachloride contamination was fbund in

west of the 100-H Area) at 160 gg/L, about three the unconfined aquifer beneath much of the 200-
times the DWS oi'50 gg/L. Chromium contami- West Area. The contamination is believed to be

nation has been found at several locations in the from waste disposal operations associated with Z
200-West Area. The 1991 chromium concentra- Plant before 1973. A concentration of 8,100 Bg/L
tion in well 299-W10-9 (135 Bg/L) was similar to was found in a well near Z Plant first monitored
earlier lneasurements. The maximum chromium in October 1988 (well 299-W15-16). Carbon
concentration fbund in the 200-West Area during tetrachloride concentrations in well 299-W15-16

1991 was 350 _tg/L in well 299-W22-20, also simi- were somewhat lower in 1991, reaching a maxi-
lar to previous measurements. Ground-water mum of 5,400 gg/L. Numerous other wells in the

samples from at least 10 other 200-West Area area had carbon tetrachloride levels ranging from
wells have shown detectable chromium. A few 1,000 to 5,000 gg/L. The distribution of carbon
wells in the 200-East Area also showed evidence tetrachloride in the 200-West Area above the DWS

of minor chromium contamination. The highest is shown in Figure 5.21. The carbon tetrachloride

level found was in well 299-E13-14, with a chro- distribution in the 200-West Area ground water
mium concentration of 73 gg/L in August 1991, has remained relatively stable since the presence
essentially identical to the last measurement of the contaminant plume was first noted in 1987.
taken in 1988. A map showing the distribution The only discernable exception is the western or
of chromium contamination in the 200-West Area southwestern edge of the plume, which has shown

is shown in Figure 5.21. The chromium distribu- considerable movement over the past 4 to 5 years.
tion in the 100 Areas is shown in Figure 5.15.
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Figure 5.22 shows the trends in carbon tetra- but not exactly coincident with the carbon tetra-
chloride concentrations with time Ibr' four wells chloride plume. The DWS for chloroform is 100
located at the east, west, north, and south bound- _Lg/L(total trihalomethanes). The location of the

aries oi' the plume. Well 699-39-79 shows a nmjor chloroform plume is also shown on Figure 5.21.
increase during 1987 and 1988, suggesting that
the plume moved past this location. This level Trichloroethylene Concentrations. Tri-
was followed by a slight decrease, suggesting chloroethylene contamination in excess of the
passage of the leading edge of the plume at that 5 lag/L DWS was found at several sites in 1991.
location. The other three locations show little Trichloroethylene was found in 600 Area wells

change. The maxinmm contaminant level, or on the west side of the 100-F Area. The highest
target concentration, of carbon tetrachloride for level reported in 1991 was 30 _tg/L in well 699-
remediation under the Comprehensive Environ- 77-36. Trichloroethylene concentrations in that
mental Response, Compensation, and Liability well appear" to be constant with time. The tri-
Act and the Superfund Amendments and Reau- chloroethylene concentration in well 199-F7-1
thorization Act is 5 ltg/L. The DWS is also 5 llg/ has been somewhat variable, rising to 35 _tg/L in
L. In addition to carbon tetrachloride, significant 1990, two to three times previous measurements,
amounts of other chlorinated hydrocarbon sol- but decreasing to 19 gg/L in 1991. Several wells
vents were found in 200-West Area ground water, at the Solid Waste Landfill (SWL) contained tri-
including trichloroethylene and chloroform. A chloroethylene close to but slightly below the
chlorofbrm concentration of 1,540 llg/L was DWS. Solid Waste Landfill wells had shown
measured in well 299-W-15-8 in May 1990. The trichloroethylene concentrations above the DWS

chloroform plume appears to be associated with in previous years. These wells also continued to

1000
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Figure 5.22. Trend Plot of Carbon Tetrachloride Concentrations Near the 200-West Area
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show levels of' perchloroethylene just above the and unconfined aquifers. Intercommunication
5-_g/L DWS. Trichloroethylene and some of between aquifers has been previously identified
its partial degradation products ]primarily cis- by Gephart et al. (1979) and Graham et al. (1984).
dichlot'oethylene (1,2-DCE)] were fbund in wells Ground-water samples from selected conlined
monitoring the lower portion of the unconfined aquifer wells have been analyzed fbr a variety
aquifer in the 300 Area near the North Process of' radionuclides and hazardous chemicals. In
Pond. Maximum concentrations in 1991 were most cases, no indication oi'contamination was
12 ltg/L trichloroethylene and 110 _tg/L DCE in observed. Detection of' radionuclides in well 299-
well 399-1-16B. Similar levels were found in E33-12 in the past is attributed to contamination
nearby well 399-1-16C, which monitors the upper by high-salt waste that migrated by density flow

portion of the confined aquifer. Trichloroethylene into the borehole when it, was open to both the
had not previously been observed in well 399- unconfined and the confined aquifer during dril-
1-16A, which monitors the upper portion of'the ling (Graham et al. 1984). Samples were not
unconfined aquifer; however, a trichloroethylene collected from this well during 1990 or 1991 as
concentration o1"2.5 _ig/L was found in well 399-1- a result of various programmatic interruptions.
16A in 1991. Trichloroethylene contamination
had been detected at levels exceeding the DWS Intercommunication between the Rattlesnake
in two locations inside the 200-West Area near Ridge confined aquifer and the unconfined aqui-
T Plant and REDOX Plant. The maximum level fer north of the 200-East Area was indicated in

tbund in 1991 in the well near REDOX Plant the past by nitrate concentrations in well 699-
(299-W22-201 was 34 btg/L. The maximum tri- 47-50. This well is located near an erosional
chloroethylene level tbund in the T Plant area window (an area where the confining layer is
(well 299-W10-4) was 23 ltg/L. The trichloroethyl- absent) in the confining basalt flow (Graham
ene distribution in the 200-West Area is depicted et al. 1984). Elevated levels of':'H (3,830 pCi/L)
on Figure 5.21. have also been measured in ground water f'rom

the Rattlesnake Ridge interbed in well 699-
Radiological and Chemical Monitoring 42-40C. Elevated levels of '"'_'I(0.15 pCi/L) have
Results for the Confined Aquifer previously been observed in the same well. Well

699-47-50 and 699-42-40C were not sampled in
The uppermost (Rattlesnake Ridge_ confined 1990 or 1991 as a result of a variety oi" program-
aquifer was monitored to determine the extent matic interruptions.
of ground-water interaction between the confined
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6.0 Quality Assurance

A comprehensive quality assurance (QA)pro- Project Management
gram, including various quality control (QC)
practices, was maintained to ensure the quality Quality Assurance
of data collected through the sm-ceillance pro-

grams. QA plans were maintained for all surveil- The surveillance programs and related programs,
lance activities, defining the appropriate controls such as processing of thermoluminescent dosim-
mid documentation required to meet the guidance eters (TLDs) and dose calculations, are subject to
of the American Society of Mechanical Engineers the overall QA program of the Pacific Northwest
(ASME) NQA-1 QA program document (U.S. Laboratory (PNL). This program implements the
nuclear industry's standard, ASME 1989) and requirements of RL Order RL 5700. lA, "Qua]ity
DOE Orders. Assurance," and is based on ASME NQA-1, Qual-

ity Assuranc_ Program Requirements/bl" Nuclear
In the surface- and ground-water surveillance Facilities (ASME 1989). The program is defined
programs, sufficient environmental data are ob- in the PNL QA manual (PNL ]991). The manual
tained to minimize reliance on only a few results, provides guidance/br implementation by ad-
New data collected were compared with both dressing 18 QA elements. These are:
recent results and historical data to ensure that

deviations from previous conditions were identi- 1. Organization
fled and promptly evaluated. Samples were col- 2. Quality Assurance Program
lected using approved and documented proce- 3. Design Control
dures to ensure consistency. Samples were 4. Procurement Document Control
analyzed by documented standard analytical 5. Instructions, Procedures, and Drawings
procedures. Analytical data quality was verified 6. Document Control
by a continuing program of internal laboratory 7. Control of Purchased Items and Services
QC, participation in interlaboratory cross-checks, 8. Identification and Control of Items
replicate sampling and analysis, submittal of 9. Control of Processes

blind standard samples and blanks, and splitting 10. Inspection
samples with other laboratories. 11. Test Control

12. Control of Measuring and Test Equipment
QC for ground-water surveillance also included 13. Handling, Storage, and Shipping
procedures for 1) documenting instrument cali- 14. Inspection, Test, and Operating Status
brations and procedures used in the field and 15. Control of Nonconforming Items
laboratory, 2) scheduling maintenance of wells to 16. Corrective Action
ensure well integrity, 3) inspecting wells using 17. Quality Assurance Records
downhole video cameras and other devices, and 18. Audits.
4) using dedicated sampling pumps to avoid
cross-contamination. Each surveillance project has a current QA plan

that describes the specific QA elements that ap-
This section discusses specific measures taken to ply to the project. These plans are approved and
ensure quality in project management, sample monitored by the QA organization within PNL,
collection, and analytical results. Where appro- which conducts surveillances and audits to verify
priate, the surface- and ground-water surveil- compliance with the plans. Work performed
lance, and effluent monitoring projects are dis- through contracts, such as sample analysis,
cussed separately, must meet the same QA requirements. Audits
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of potential equipment and services suppliers are U.S. Department of Energy and
conducted, by the PNL Process Quality Depart- Environmental Protection Agency
ment before awarding contracts for services or
approving purchase requisitions having signifi- Comparison Studies

cant impact on a project's quality. IT's Richland laboratory participated in the

Sample Collection Quality DOE Quality Assessment Program and EPA'sLaboratory Intercomparison Studies Program.

Assurance These programs provide standard samples of
various environmental media (water, milk, air
filters, soil, and foodstuffs) containing specific

Surface- and ground-water samples were col- amounts of o._? or more radionuclides that are

lected by staff trained to conduct sampling ac- unknown by the participating laboratory. After
cording to approved and documented procedures, sample analyses, the results were forwarded to
Continuity of sampling location identities was

DOE and EPA for comparison with known values
maintained through documentation. Samples for and results from other laboratories. Both EPA
ground-water hazardous chemical monitoring and DOE have established criteria for evaluat-
were sealed with e_ idence tape to prevent tam-

ing the accuracy of results (Jarvis and Siu 1981;
pering and were transported to the laboratory in Sanderson 1985). Summaries of'the 1991 results

accordance with the chain-of-custody procedures for the programs are provided in Tables 6.1 and
required by the EPA for Resource Conservation 6.2. Over 93% of' the results during the year were
and Recovery Act (RCRA) monitoring programs, within the typically used "3-sigma control limits"

(+ 3 standard errors of the mean). This level of

Analytical Results Quality performance was determined to be acceptable

Assurance and was among the best of participating radio-
chemistry laboratories.

Routine radiochemical analyses for environmen- Pacific Northwest Laboratory
tal surveillance samples were performed by Evaluations
International Technology Corporation's (IT)
Richland laboratory. Analytical quality at the

In addition to DOE and EPA interlaboratory QClaboratory was evaluated in a number of ways.
IT's Richland laboratory participated in the U.S. programs, a QC program was maintained by PNL
Department of Energy's (DOE's) Quality Assess- to evaluate analytical contractor precision and
ment Program and _he U.S. Environmental Pro- accuracy and to conduct special intercompari-
tection Agency's (EPA's) Laboratory Intercom- sons. This program included the use of blind
parison Studies. PNL conducted an additional samples and replicate samples. Blind standard
QC program. IT's Richland laboratory also QC samples and blanks were prepared and sub-
maintai,md an internal QC program, which mitted to check the accuracy and precision of IT's
PNL audited and reviewed. Other audits and analyses. The methods used to determine accu-

comparisons were conducted on specific types racy and precision acceptability were taken
from the EPA and DOE (Jarvis and Siu 1981;of samples. A final QC check of data was per-

formed by a computerized screening of results Sanderson 1985). Reviews of the results reported
against criteria. ,tmomalous results are reported, to date indicate that accuracy and precision per-
and discrepancies resolved and documented, formance were consistent with IT's performance

in the DOE and EPA Laboratory IntercomparisonAdditional information on these efforts is pro-
vided in the following subsections. Studies Program and were acceptable.
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Table 6.1. International Technology Corporation Performances on DOE Quality Assessment Program
Samples in 1991

Number Number
of Results Within Control

Sample.Media ........ Radionuclides Reported Limits '_''

Air Filters 7Be, '_4Mn, '_7C0,6°C0, "°Sr, ':'"Cs, 22 22
,:,7Cs' ,4.,Ce' 239pu, 234U,',._sU

Soil 4°K, 9°Sr, '_TCs, _3sPu, _gPu, 15 14
_:*4U,2:*sU,241Am

Vegetation 4°K, 9°Sr, l:'7Cs, _3spu, 2:_"Pu, 13 13
',4,Am ' 2_4U, _:_sU

Water :'H, 54Mn, '_7C0, 6°Co, '_'°Sr, ':'4Cs, 26 23
137Cs, ,44Ce, 23,pu, 241Am, 2_4U,2:3sU,
U (mass)

(a) Control limits from Sanderson (1985).

Table 6.2. International Technology Corporation Performances on EPA Intercomparison Program
Samples in 1991

Number Number
of Results Within Control

Sample Media Radionuclides Reported Limits"".......

Water Total Alpha, Total Beta, 29 28
:"Cr, _'_Zn,'_°Co,'°'_Ru,
':"I,':':'Ba,'"4Cs,':'TCs

Water 2_6Ra,22SRa,2:'sU,U (nat), 22 21
239pu

Water sgSr,"_°Sr 12 12

Water :_H 2 2

Milk s:)Sr, :)°Sr, ':"I,137Cs 6 4

Air Filters Gross Alpha, Gross Beta 8 5
9OSr ' 137Cs

(a) Control limits from Jarvis and Siu (1981).
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Replicate samples were also routinely collected involves the use of factors such as the average
and analyzed to check sampling and analysis counting efficiencies and background ibr detec-
precision. Replicate data showed similar results tion instruments, len_,echof time for background
as those of'previous years. The variation in and sample counts, sample volumes, radiochemi-
results, as expressed by the coefficient of varia- cal yields, a predesignated uncertainty multiplier,
tion, was generally less than 20_Y,for"samples and other factors. The MDC verification is used
with activities greater than the minimum to document historical performance to project
detectable amount, detection goals. As of this report writing, 10

MDC verification reports had been conlpleted for

Laboratory Internal Quality Control 50 ladionuclide-media combinations, indicating

Programs that 39 MI)Cs had been achieved. Eight oi'the
eleven radionuclide-media combinations not meet-

IT's Richland laboratory was required to main- ing MDC requirements involved :'H analysis.
tain an internal QC program, and PNL audited
and reviewed their compliance with this pro- Sample-Specific Audits anti
gram. The internal QC program involved routine Comparisons
calibrations of counting instruments, yield deter-
minations of radiochemical procedures, frequent Additional audits and comparisons were con-
radiation check source and background counts, ducted on several specific types of samples. The
replicate and spiked samples analyses, main- State of Washington routinely collected samples
tenance of control charts to indicate analytical of various environmental media and measured
deficiencies, and analyses of reagents to ensure external radiation levels at multiple locations
purity of processing chemicals. Available calibra- during 1991. The results from the state monitor-
tion standards traceable to the National Institute ing program were reviewed and indicated good
of Standards and Technology were used Ibr radio- agreement between TLD measurements (approxi-
chemical calibrations, mately 10c_ variation), total beta measurements

in air (approximately 20% variation), and :"'Sr
The PNL Process Quality Department conducted measurements in alfalfa (approximately 10r_
a fbrmal audit of IT in April 1991 and a limited variation). Additional data from other media
scope surveillance in November" 1991. The deft- were unavailable at the time this report was
ciencies identified during these oversight activi- prepared.
ties were promptly addressed by IT and subse-
quently verified by PNL. The Surface Environmental Surveillance Project

also "split" duplicate samples in 1991 of various
Internal laboratory QC program data were sum- locally grown farm products with the U.S. Food
marized by IT in quarterly reports to PNL. These and Drug Administration (FDA) For analytical
reports indicated that during 1991 approximately intercomparison. Gamma scans and :)H and "('Sr
30r_ of"ali analyses perfbrmed were QC analyses, analyses were perfbrmed by PNL and the FDA,
including blanks, spikes, and duplicates. The and the results produced by both laboratories
results of these analyses and the observations were compared. Ali gamma scans and :_Hresults
noted in each report were found to indicate an from both laboratories indicated the levels in
acceptably fhnctioning QC program, these samples were less than their detection

capabilities (not detectable by either laboratory).
Verification oi' minimum detectable concentration Strontium-90 was detected at low levels (near

(MDC) requirements for specific radionuclide- the detection limits) in eight samples by IT
media combinations (for example, ""Sr in air) and in seven samples by the FDA laboratory,
was initiated with the IT contract. MDC verifica- indicating the results from each were in
tion is conducted (when requested) for up to five acceptable agreement.
radionuclide-media combinations for analyses
performed during the previous month. Equation Quality control for environmental TLDs included
37 from Chapter 6 in EPA 520/l-80-012 (EPA the audit exposures of three environmental TLDs
1980) is used in the MDC calculations, which to known values of radiation (between 14 to
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28 mR), which were routinely processed quar- The American Society fi)r Testing and Materials
terly. A summa_, of' 1991 results is shown in (ASTM) C 1009-89, Stctndclrd Guide/br Estab-
Figure 6.1. On average, the TLD measurements lishittg a Quctlity Assurer,Tee Progra,;t/br Analyti-
were biased 9_ lower than the known values, cal Chemical Laboratories within the Nuclear

The average percent bias was calculated from Industry, is a consensus document that interprets
the 18 elements of NQA-1 for applicability to

[ measur_-known value ] analytical chemical laboratories. These 18 ele-Z ments are organized into the 9 functions identi-
X

1
100')_

known value fled by ASTM and represent the basic components
Number of I LI s of a laboratory QA program. The QA require-

ments for analyses of radioactive effluent
This average bias is slightly larger than the bias samples are those established by NQA-1 and the
observed during 1990' biased 7'i/_lower) and is C 1009 document.
coqsidered to be acceptable ibr these very low

exposure levels. The quality assurance program is formally
reviewed for adequacy and revised annually.

Effluent Monitoring Assessments of prograxn adequacy are docu-
mented. Laboratories adhering to NQA-1 and

Laboratory analyses &most Hanford Site envi- the C 1009 document are supposed to participate
ronmental samples, including effluent monitoring in both the EPA and DOE Environmental Moni-
samples, are performed on site by the 222-S Ana- toring Laboratory intercomparison programs.
lytical Laboratory. This laboratory operates un-
der the QA criteria described below. Other Training in QA is reauired tbr each laboratory
samples collected ft'ore stacks operated by PNL employee. Classes are taught in company-level
are analyzed by offsite laboratories contracted policies, laboratory safety and analysis tech-
under equivalent QA requirements, niques, specific laboratory procedures, and se-

lected development topics. Training and qualifi-
cation records are retained to document employee

20 Q 15 - 19 mR qualifications and management certification oi'
15 -- A 20 - 23 mR qualification.

_2_ 24-28mR
10 - Analytical measurements and routine laboratory

• • support activities are described by written proce-5-
_ dures and directions to ensure accuracy, consis-

•_ 0 tency, and ,.;afety. Laboratory supporting docu-

ments explain the technical background for_ -5- •
= _ laboratory activities. Laboratory directions give

-10 - precise procedural steps tbr laboratory activities.
_ • Laboratory procedures give procedural steps with

•15 - OA technical and explanatory information. The di-
-20 - rections and procedures are prepared, used, and

-25 - controlled in compliance with approved manuals.

-30 1 I i Existing laboratory record systems provide com-
Jan-Mar Apt-June July-Sep Oct-Dec plete documentation of all work done in the lab()-

Exposure Date ratory, from sample receipt to report of analytical
$9203058.95 results. Ali laboratory records are controlled by a

Figure 6.1. Comparison of Thermoluminescent records management system that allows tracking
Dosimeter Results With Known Exposures and retrieval of records.
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Glossary

activation product - Material made radioactive continuous sample - Sample formed by the con-
by exposure to radiation from a source such as a tinuous collection of the medium or contaminants
nuclear reactor's neutrons, within the medium during the entire sample

period.
air submersion dose - Radiation dose received

from external exposure to radioactive materials controlled area - An area to which access is
present in the surrounding atmosphere, controlled to protect individuals from exposure to

radiation or radioactive and/or hazardous

aquifer - Permeable geologic unit that can trans- materials.
mit significant quantities of water.

cosmic radiation - High-energy subatomic par-

background radiation - Radiation in the ticles and electromagnetic radiation from outer
natural environment, including cosmic rays from space that bombard the earth. Cosmic radiation
space and radiation from naturally occurring is part of natural background radiation.
radioactive elements in the air, in the earth, and

in our bodies. In the United States, the average curie (Ci) - A unit of radioactivity equal to
person receives about 300 millirems (mrem) of 37 billion (3.7 x 101°) nuclear transformations per
background radiation per year. second.

bankstorage - Hydrologic term that describes decay - The decrease in the amount of any radio-
river water that flows into and is retained in active material with the passage of time, due to
permeable stream banks during periods of high the spontaneous emission from the atomic nuclei
river stage. Flow is reversed during periods of' of nucleons or either alpha or beta particles, often
low river stage, accompanied by gamma radiation. When a

radioactive material decays, the material may be
becquerel (Bq) - Unit of activity equal to one converted to another radioactive species (decay
nuclear transfbrmation per second (1 Bq =l/s). product) or to a nonradioactive material.
The conventional unit of activity, the curie, is
related to the becquerel according to 1 Ci = 3.7 x Derived Concentration Guides (DCG) - Con-

1.0_°Bq. centrations of radionuclides in air and water' that
an individual could continuously consume,

boundary dose rate - Dose rate measured or inhale or be immersed in at average annual

calculated at publicly accessible locations on or rates, without receiving an effective dose
near the Hanford Site. equivalent of greater than 100 mrem/yr.

composite sample - Sample fbrmed by mixing detection level - Minimum amount of a sub-
discrete samples taken at differeat points in time stance that can be measured with a 99c_ con-
or from different locations, fidence that the analytical result is greater than

zero.

confined aquifer- An aquifer bounded above
and below by less permeable layers. Ground dispersion - Process whereby effluents are
water in the confined aquifer is under a pressure spread or mixed as they are transported by
greater than atmospheric pressure, ground water or air.
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dosimeter - Portable device for measuring the half-life - Length of time in which a radioactive

total accumulated exposure or absorbed dose substance will lose one half of its radioactivity by
from ionizing radiation fields, decay. Half-lives range fi'om a f?action of a sec-

ond to billions of years, and each radionuclide has
Effective Dose - See "Effective Dose Equivalent" a unique half-life.
under "Radiation Dose."

ion exchange - The reversible exchange of' one
effluent - Liquid or gaseous waste streams re- species of"ion fbr a different species of ion within
leased fl'om a facility, a medium.

effluent monitoring - Sampling or measuring irradiation - Exposure to radiation.
specific liquid o1"gaseous effluent streams for the
presence of' pollutants, isotopes - Different forms of the same chemical

element that are distinguished by different num-
exposure - Subjecting a target (usually living bets of neutrons in the nucleus. A single element
tissue) to radiation or chemicals. Also used as a may have many isotopes; some may be radioactive
term describing external radiation air ionization and some may be nonradioactive (stable). For
(see "Roentgen"). example, the three isotopes of hydrogen are pro-

tium, deuterium, and tritium.
fallout - Radioactive materials that are released

into the earth's atmosphere following a nuclear maximally exposed individual - A hypotheti-
explosion or atmospheric release and that cal member of the public residing near the Han-
eventually fhll to earth, fbrd Site who, by virtue of location and living

habits, could receive the highest possible radia-
fission - A nuclear reaction involving the split- tion dose fl'om radioactive effluents released from
ting or breaking apart of a nucleus into at least Hanford.
two other nuclei, accompanied with a release of

various types of energy. For example, when a mean - Average value of a series of
heavy atom, such as uranium, is split, large measurements.
amounts of' energy including radiation and neu-

trons are released along with the new nuclei The mean, X, was computed as:
(which are fission products).

fission products - Elements fbrmed from fis- _ _1 £ Xi
- II i= 1

sioning. Many fission products are radioactive.
where X is the lth measurement and n is the

I

glaciofluvial sediments - Sedimentary deposits number of measurements.
consisting of material transported by, suspended
in, or laid down by the meltwater streams flowing median - Middle value in a set of results when
ft'ore melting glacier ice. the data are ranked in increasing or decreasing

order.

grab sample - A sample that is randomly col-
lected or "grabbed" from the collection site. millirem (mrem) - A unit o[' radiation dose

equivalent that is equal to one one-thousandth
ground water - Subsurlhce water that is in the (1/1000) of a rem. According to DOE standards,

pore spaces of soil and geologic units, an individual member of the public may receive
no more than 100 mrem per year from a site's

gray (Gy) - Unit of absorbed dose in the Inter- operation. This limit does not include radiation
national System of Units (SI) equal to 1 joule per received for medical treatment or the approxi-
kilogram. 1 Gy = 100 rad. mately 300 mrem that people receive annually

from natural background radiation.
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minimum detectable concentration - Small- * beta radiation - One form of radiation

est amount or concentration of a radioactive or emitted from a nucleus during radioactive
nonradioactive element that can be reliably de- decay. Beta radiation can be stopped by an
tected in a sample, inch of wood or a thin sheet of aluminum, and

may cause biological damage if a sufficient
noble gas - Any of a group of chemically and amount is internal, or occasionally external,
biologically inert gases that includes argon, kryp- to the body.
ton, and xenon. These gases are not retained in
the body following inhalation. The principal ex- * external radiation - Radiation originating
posure pathways from radioactive noble gases are from a source outside the body.
direct external dose from the surrounding air (see
"Air Submersion Dose"). * gamma radiation - Form oi'electromag-

netic, high-energy radiation emitted from a
offsite locations - Sampling and measurement nucleus. Gamma rays are essentially the
locations outside the Hanford Site boundary, same as x rays. They require heavy shield-

ing, such as concrete or steel, to be stopped,

onsite locations - Sampling and measurement and may cause biological dam_ge when ori-
locations within the Hanford ,_ite boundary, ginating internally or externally to the body

in sufficient amounts.

outfall - End of a drain or pipe that carries waste
water or other effluents into a ditch, pond, or * internal radiation - Radiation originating
river, from a source within the body as a result of

the inhalation, ingestion, skin absorption, or

plume - The cloud of a pollutant in air, surface implantation of natural or anthropogenic
water, or ground water tbrmed after the pollutant radionuclides in body tissues (e.g., uranium

is released from a source, dust in the lungs, radioiodine in the thyroid).

plutonium - A heavy, radioactive, anthropogenic radiation dose - For the purpose of this report,
metallic element consisting of several isotopes, radiation doses are defined as follows:
One important isotope is '_:_:JPu,which is produced
by the irradiation of'_:_"U. Routine analysis can- * absorbed dose - Amount of'energy deposited
not distinguish between the ":_:'Puand __°Pu iso- by radiation in a given amount of material.
topes; hence, the term _:_:'.'"_'_Puas t_sed in this Absorbed dose is measured in units of"rads"
report is symbolic oi' the presence of one or both or "grays."
of these isotopes in the analytical results.

• collective effective dose equivalent- Sum
radiation - The energy emitted in the form oi' of' the ef/hctive dose equivalents ibr indi-
rays or particles, such as those thrown off by viduals composing a defined population. The
transforming Idisintegratingl atoms. For this units for this are "person-rem" or "person-
report, radiation refers to ionizing types of radia- sievert."
tion; not radiowaves, microwaves, radiant light,
or other types of non-ionizing radiation. The * committed dose equivalent - Total dose
ionizing rays or particles typically consist oi" equivalent accumulated in an organ or tissue

alpha, beta, or gamma radiation, in the 50 years following a single intake of
radioactive materials into the body.

• alpha radiation - Least penetrating type of
radiation. Alpha radiation can be stopped by * dose equivalent - Product of the absorbed
a sheet of paper or the outer dead layer oi' dose, the quality factor, and any other modi-
skin, and can cause biological damage only if f_ing factors. The dose equivalent is a quan-
sufficient quantities are emitted inside the tity fi)r comparing the biological eIlhctiveness
body.

A.3



Appendix A

of different kinds of' radiation on a common sievert (Sv) - Unit of dose equivalent in the
scale. The unit of dose equivalent is the rem. International System of Units (SIt equal to
A millirem is one one-thousandth of a rem. 100 rem.

• effective dose equivalent - A value used spent fuel - Nuclear fuel that has been exposed
for estimating the total risk of potential in a nuclear reactor; this fuel contains uranium,
health effects fl'om radiation exposure. This activation products, fission products, and
estimate is the sum of' the committed effec- plutonium.
tive dose equivalent (see above) from internal
deposition of radionuclides in the body and standard deviation - An indication of' the dis-

the effective dose equivalent from external persion or variability of a set of results around
radiation received during a year. their average.

radioactivity - Property possessed by some standard error of the mean - An indication of
isotopes of elements of emitting radiation (such the dispersion or variability of an estimated
as alpha, beta, or gamma raysl spontaneously in mean from the average of' other estimates of the
their decay process to stable element isotopes, same mean.

radioisotope - Radioactive isotope of a specified The standard error of X was computed as
element. Carbon-14 is a radioisotope of carbon.

Tritium ,s a radioisotope of' hydrogen.
SE=

• long-lived radioisotope- A radionuclide
that decays at such a slow rate that a quan- where S_, the variance of tile n measurements,

tity will exist fbr an extended period (typi- was computed as
tally many years).

• short-lived radioisotope - A radionuclide SM =7-1 i--1
that decays so rapidly that a given quantity

is trans[brined almost completely into decay This estimator, S _, includes the variance among
products within a short period (typically less the samples and the counting variance. The
than a few months _. estimated S _'may occassionally be less than the

average counting variance.
radionuclide - Radioactive atomic species or
isotope of an element. There are several hundred taxon - A group o; organisms constituting one of
known radionuclides, both anthropogenic and the categories or tbrmal units in taxonomic clas-
naturally occurring. Radionuclide and radio- sification (i.e., kingdom, phylum, class, order,
isotope are terms that are sometimes used inter- family, genus, or species) and characterized by
changeably, although they are theoretically di[- common characteristics in varying degrees of'
ferent terms, distinction.

rem - Acronym fbr roentgen equivalent man; a thermoluminescent dosimeter (TLD) - A
unit of dose equivalent that indicates the poten- material that, after being exposed to beta and/or

tial fbr impact on human cells, gamma radiation, emits light when processed
and heated. The amount of light emitted is pro-

risk - The probability that a detrimental health portional to the amount of radiation (dosel to

effect will occur, which the TLI) has been exposed.

roentgen - Unit of' x-ray or gamma radiation unconfined aquifer- An aquifer containing
exposure in air, typically used fo. describing ground water that is not confined above by rela-
external radiation levels. An exposure o['1 roent- tively impermeable rocks. The pressure at the
gen lR) is approximately equal to a 1-rem dose to top of the unconfined aquifer is equal to that of'
human tissue, the atmosphere. At Hanlbrd, the unconfined
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aquifer is the uppermost aquifer and is most whole-body dose - Radiation dose that involves
susceptible to contamination from Site exposure of the entire body. Whole-body dose
operations, typically refers to external radiation exposure.

uncontrolled area - Area on or near a nuclear wind rose - Star-shaped diagram showing how
facility to which public access is not restricted, often winds of various speeds blow ['rom different

directions, usually based on yearly averages.
vadose zone - underground area from the
surface to the top of the water table or aquifer.

water table - Theoretical surface represented by
the elevation of water surfaces in wells pene-

trating only a short distance into the unconfined
aquifer.
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Applicable Standards and Permits

Operations at the Hanford Site must conform to a public radiation protection standards that are
variety of governmental standards and permits generally consistent with the standards used by
designed to ensure the biological and physical the U.S. Nuclear Regulatory Commission (NRC)
quality of the environment for either public in regulating and licensing non-DOE nuclear
health, ecological, or aesthetic considerations, facilities (i.e., nuclear power plants). Table B.5
The primary environmental quality standards shows the radiation standards t_om DOE Order
and permits applicable to Hantbrd operations in 5400.5. These standards govern allowable public
1991 are listed in the tbllowing tables. The State exposures to ionizing radiation from DOE
of Washington has promulgated water quality operations.
standards for the Columbia River, WAC, 173-201.
The Hanford Reach of the Columbia River has In Order 5400.5, the DOE established Derived

been designated as Class A (Excellent). This Concentration Guides (DCGs) that reflect the
designation requires that the water be usable for concentrations of individual nuclides in water or
substantially all needs, including drinking water, air that would result in an effective dose equiva-
recreation, and wildlife. Class A water standards lent of 100 mrem per year caused by ingestion of
are summarized in Table B. 1. Drinking water water or inhalation of air at average annual
standards promvlgated by the U.S. Environmen- intake rates. Table B.6 lists selected DCGs of

tal Protection Agency (EPA) in 40 CFR 141 are particular interest at the Hanford Site. The
summarized in Tables B.2 and B.3. Tri-Counties DCGs are useful reference values but do not gener-
Air Pollution Control Authority air quality ally represent concentrations in the environment

standards are shown in Table B.4. Applicable that ensure compliance with either the DOE, the
radiation standards pursuant to the Clean Air Clean Air Act, or drinking water dose standards.
Act for sources of radionuclide emissions to the

air, 40 CFR 61, are summarized in Table B.5. Permits required tbr regulated releases to water
Environmental radiation protection standards and air have been issued by the EPA under the
are published in DOE Order 5400.5, "Radiation National Pollutant Discharge Elimination Sys-
Protection of the Public and the Environment." tem (NPDES) of the Clean Water Act and the

This DOE order establishes new limits for public Prevention of Significant Deterioration (PSD)
radiation dose and gives gxfidance for keeping requirements of the Clean Air Act. Also, under
radiation exposures to members of the public as authority granted by the Clean Air Act, the
low as reasonably achievable (ALARA). These Washington State Department oi' Health has
standards are based on guidelines recommended issued a permit for Hanfbrd radioactive air

by authoritative organizations, such as the emissions. Permits tbr collecting wildlife for
International Commission on Radiological environmental sampling are issued by the Wash-

Protection and the National Council on Radiation ington State Department of Wildlife and the U.S.
Protection and Measurements. The DOE has Fish and Wildlife Service. Current permits are

initiated a policy for creating and implementing listed in Table B.7.
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Table B.1. Washington State Water Quality Standards for the Hanford Reach of the
Columbia River

Parameter Permissible Levels

Fecal Coliform 1) <_100 organisms/100 mL
2) <_10q_of'samples may exceed 200 organisms/100 mL

Dissolved Oxygen >8 mg/L

Temperature 1) <20°C (68_:'F) due to human activities
2) When natural conditions exceed 20°C, no temperature

increase of greater than 0.3°C allowed.
3) Increases not to exceed 34/(T+9), where T = highest existing

temperature in °C outside of"dilution zone.

pH 1) 6.5 to 8.5 range
2) <0.5 unit induced variation

Turbidity <5 NTU'"' over background turbidity

Toxic, Radioactive, or Concentrations shall be below those of public health significance,
Deleterious Materials or which cause acute or chronic toxic conditions to the aquatic

biota, or which may adversely affect any water use.

Aesthetic Value Shall not be impaired by the presence of materials or their effects,
excluding those of natural origin, which offend the senses of sight,
smell, touch, or taste.

(a) NTU = nephelometric turbidity units.

B.2



Appendix B

Table B.2. Radiological Drinking Water Standards: U.S. Environmental Protection
Agency, National Primary Drinking Water Regulations (40 CFR 141); and
State of Washington, Rules and Regulations of the State Board of Health
Regarding Public Water Systems (WAC 248-54)

Contaminant Limit

Total Alpha (excluding uranium) 15 pCi/L

Combined'_2_;Ra and _2_Ra 5 pCi/L

Radium-226 (State of Washington only} 3 pCi/L

Beta and Gamma Radioactivity Annual average concentration shall not produce an
From Anthropogenic Radionuclides annual dose from anthropogenic radionuclides equiva-

lent to the total body or any internal organ dose greater
than 4 mrem/yr. If two or more radionuclides are
present, the sum of their annual dose equivalents shall
not exceed 4 mrem/yr.

Compliance may be assumed if annual average concen-
trations of total beta, 3H, and "°Sr are less than 50,

20,000, and 8 pCi/L, respectively.

The following list provides the annual average concentrations for anthropogenic radionuclides of
interest. These radionuclides are assumed to yield an annual dose of 4 mrem to the indicated organ.
Data are taken from the National Interim Primary Drinking Water Regulations, Table IV-2A (EPA
1976).

Radionuclide Critical Organ Concentration, pCi/L

:_H Whole body 20,000

_4C Fatty tissue 2,000
6"Co GI (LLI) '_l' 100

_gSr Bone 20

_gSr Bone marrow 80

"°Sr Bone marrow 8

."'_Zr GI (LLI) 200

."_Nb GI !LLI i 300

""Tc GI (LLI _ 900

l°:_Ru GI (LLI) 200

l"f_Ru GI (LLI) 30

12'_Sb GI (LLI) 300

_z"I Thyroid 1

l:_lI Thyroid 3

1:_4Cs GI (S)'b' 20,000

HTCs Whole body 200

(a) Gastrointestinal tract (lower large intestine).
(b) Stomach.
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Table B.3. Chemical Drinking Water Standards: U.S. Environmental Protection Agency,
National Primary Drinking Water Regulations (40 CFR 141); and State
of Washington, Public Water Supplies (WAC 248-54)

Chemical
Constituent Concentration

As 50 lag/L

Ba 1 mg/L

CC14 5 jJg/L

Cd 10 _g/L

Cr 50 tJg/L

Cu 1 mg/L

F 2mg/L

Hg 2 _g/L

NQ 45 mg/L

Pb 50 _g/L

Se 10 lag/L

Table B.4. Benton-Franklin-Walla Walla Counties (Tri-Counties) Air Pollution Cont,'oi Authority
Ambient Air Quality Standards 'a'

Parameter Type of Standard 't'' Sampling Period Permissible Level

NO_, Secondary and primary Annual average 0.05 ppmv

/a_ Benton-Franklin-Walla Walla Counties Air Pollution Control Authority _19801.

_b_ Primary standards fbr ambient air quality define levels of'air quality to protect
the public health. Secondary standards define levels of air quality to protect
the public welfare from _ny known or anticipated adverse effects of a pollutant.
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Table B.5. Radiation Standards for Protection of the Public from Ali Routine DOE Activities

RADIATION DOSE LIMITS (a'

ALL PATHWAYS [limits from DOE Order 5400.5]

The effective dose equivalent for any member of the public from all routine DOE activities 'h' shall not
exceed the values given below.

Effective Dose Equivalent _'
mrem/yr (mSv/yr_)

Routine Public Dose 100 (1)

Potential Authorized Temporary Public Dose 'd_ 500 (5)

DOSE TO NATIVE AQUATIC ANIMAL ORGANISMS FROM LIQUID DISCHARGES [Interim
Limits from DOE Order 5400.5]

Radioactive material in liquid wastes discharged to natural waterways shall not cause an absorbed
dose ....to native aQ,:atic animal organisms that eyceeds 1 rad per day (10 mGy per day).

DRINKING WATER PATtIWAY ONLY [Limits from 40 CFR 141 and DOE Order 5400.5]

Radionuclide concentrations in DOE-operated public drinking water supplies shall not cause persons
consuming the water to receive an effective dose equivalent greater than 4 mrem (0.04 mSv) in a

year. DOE activities shall not cause private or public drinking water systems downstream of the
facility discharge to exceed the radiological drinking water limits in 40 CFR 141 (Table B.2).

AIR PATHWAYS ONLY [Limits from 40 CFR 61]

Effective Dose EquivalenV'
mrera/vr (__mSv/____vr)

Public Dose Limit at Location of Maximum 10 (0.1)

Annual Air Concentration as a Consequence of
Routine DOE Activities '_'

_a) Radiation doses received from natural background, residual weapons testing and nuclear acci-
dent fallout, and medical consumer product exposures are excluded from the implementation of
these dose limits.

/b) "Routine DOE activities" implies normal, planned activities and does not include actual or
potential accidental or unplanned releases.

(cl Effective dose equivalent is expressed in rem (or millirem) with the cor_'esponding value in
sievert (or millisievert) in parentheses.

(d) Authorized temporary annual dose limits may be greater than 100 mrem/yr (but cannot exceed
500 mrem/yr) if unusual circumstances exist that make avoidance of doses greater than 100
mrem to the public impracticable. The RL is required to request and receive specific authoriza-
tion from DO_-HQ for an increase from the routine public dose limit to a temporary annual dose
limit.

(e) Absorbed dose is expressed in rad (or millirad) with the corresponding value in gray (or
milligray) in parentheses.
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Tabh- B.6. Derived Concentration Guideg ",b,c)

Water, Air,
pCi/L pCi/m 3

Radionuclide (10 .9_Ci/mL) (10 -12faCi/mL)

3H 2,000,000 100,000
1_C 70,000 500,000
_lCr 1,000,000 60,000
54Mn 50,000 2,000
6°Co 5,000 80
85Zn 9,000 600
85Kr NS (d) 3,000,000
9°Sr 1,000 50
99Tc 100,000 2,000
_°3Ru 50,000 2,000
_°_Ru 6,000 30
125Sb 60,000 1,000

x29I 500 70
x31I 3,000 400
'37Cs 3,000 400

144Ce 7,000 30
_4U 500 0.09
23_U 600 0.1
23sU 600 0.1
23_pu 40 0.03
239pu 30 0.02
24°pu 30 0.02

(a) Concentration of a specific radionuclide in water
or air that could be continuously consumed or
inhaled at average annual rates and not exceed an
effective dose equivalent of 100 mrem/yr. An
exception is the limit for 85I_h',which is based on
the skin dose limit of 5 rem from immersion in a

plume.
(b) Values in this table represent the lowest, most

conservative derived concentration guides consid-
ered potentially applicable to Hanford operations,
and may be adjusted upward (larger) if accurate
solubility information is available.

(c) From DOE Order 5400.5.
(d) NS = No standard.
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Table B.7. Environmental Permits

Clean Water Act Permit
NPDES Permit No. WA-000374-3, issued to the DOE Richland Field Office (RL) by Region 10 of the
EPA, covers nonradioactive discharges to the Columbia River from eight outfhlls. The following are
measurements required for NPDES-permitted discharges at Hanford:

Location
100-K Area 100-N Area 300 Area

Measurement (2 discharges) (5 discharges} (1 discharge)

Flow Rate X X X
Suspended Solids X X X
Temperature X X ---_'_
pH X X X
Chlorine X X ---
Oil and Grease --- X ---
Heat Discharged --- X ---
Settleable Solids ...... X
Iron --- X ---
Ammonia --- X ---
Chromium --- X ---

(a) Dashed line indicates no measurement required.

Clean Air Act Permits

PSD Permit No. PSD-X80-14, issued to RL by Region 10 of the EPA, covers emission of NO xto the at-
mosphere from the Plutonium Uranium Extraction (PUREX) Plant and the Uranium Oxide (UO:3)Plant.
No expiration date.

Radioactive Air Emission Permit No. FF-01, issued to RL by the DOH under authority granted by the
Clean Air Act, covers operations on the Hanford Site having a potential to emit radioactive airborne
effluents. Initially issued August 15, 1989, the permit is fbr a 2-year peri,_d.

Wildlife Sampling Permits
Scientific Study or Col]ection Permit No. 201, issued by Washington State Department of Wildlife to
Pacific Northwest Laboratory (PNL) for 1991, covers the collection of wildlife, including gamefish, for
environmental monitoring purposes. Renewed annually.

Scientific Collection Permit No. 91-35, issued by Washington State Department of Fisheries to PNL for
1991, covers the collection of food fish and shellfish for environmental monitoring purposes. Renewed
annually.

Federal Fish and Wildlife Permit No. 671877, issued by U.S. Fish and Wildlife Service by U.S. Fish and
Wildlife Service to PNL, covers the collection of migratory wildlife. Renewed biannually.

Copies of the regulations concerning these permits may be obtained from the following organizations:

State of Washington U.S. Department of Energy
Department of Ecology Richland Field Office
Olympia, WA 98504 Richland, WA 99352

U_S. Environmental Protection Agency
Region 10
1200 Sixth Avenue
Seattle, WA 98101
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Dose Calculations

The radiation dose that the public could have These programs are incorporated in a master

potentially received in 1991 from Hanford opera- code, GENII (Napier et al. 1988a, 1988b, 1988c),
tions was calculated in terms of the "effective which employs the dosimetry methodology de-

dose equivalent." These dose quantities are given scribed in ICRP Reports (1979a, 1979b, 1980,
mSv) I,,lin units ofmillirem (mrem) [millisievert ( ] 1981a, 1981b, 1982a, 1982b). The assumptions

for individuals and in units of person-rem (per- and input data used in these calculations are
son-Sv) for the collective dose received by the described below.

total population within an 80-km (50 mi) radius

of the Site. These quantities provide a way to Types of Dose Calculations
express the radiation dose, regardless of the type
or source of radiation or the means by which it is Performed
delivered. The values given in this report may be

compared to standards for radiation protection Revised DOE Guidance for Dose
(Table B.5, Appendix B). This appendix describes Calculations
how the doses in this report were calculated.

Calculations of radiation doses to the public fromRadionuclide release rates from Hanford Site
radionuclides released into the environment are

activities are usually too low to be measured in
offsite air, drinking water, and fbod crops. There- performed to demonstrate compliance with appli-
fore, in most cases, the dose calculations were cable standards and regulations.

based on measurements made at the point of Beginning in 1985, the DOE required that esti-release (stacks and effluent streams), and envi-
ronmental concentrations were estimated from mates of radiation exposure to the general public

these effluent measurements by environmental be in terms of the "effective dose equivalent." The
effective dose equivalent is representative of the

transport models, total risk of potential health effects from radiation

The transport of radionuclides from the environ- exposure. The adoption and use of the effective
ment to the body is predicted by empirical models dose equivalent was previously recommended bythe ICRP (1977). In addition to implementing
of exposure pathways. These pathways account
for inhalation or ingestion of radionuclides pres- the effective dose equivalent requirement fbr
ent in air, water, and foods. Radionuclides taken offsite population dose calculations, the DOE has
into the body may be distributed among different also adopted the revised biokinetic models and

organs and retained fbr various times. In addi- metabolic parameters for radionuclides given by
tion, long-lived radionuclides deposited on the the ICRP for estimating radiation dose. As in the

past, when concentrations of radionuclides in the
ground become possible sources for long-term environment are too low to measure, then DOE

external exposure and uptake by agricultural specifies that the doses are to be calculated from
products. Dietary and exposure parameters were
then applied to calculate radionuclide intakes effluent data using environmental transport and
and radiation doses to the public. Standardized dosimetry models.

computer programs were used to perform the
calculations. These programs contain internally Estimated radiation doses from DOE operations
consistent mathematical models that use site- have previously been reported in terms of the

dose equivalent (or simply, dose), which is a mea-
specific dispersion and uptake parameters. sure of the energy absorbed by tissue (rads), mul-
• tiplied by a radiation quality factor, and modified

(a) 1 rem (0.01 Sv) = 1000 mrem (10 mSv).
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by any other necessm_ factors. Under this system, ground by both airborne deposition and irriga-
standards for radiation protection were presented tion water drawn from the (2olumbia River
in terms of the critical organ dose limits and were downstream of' the N Reactor
expressed in rem/or mrem_.

• exposure to ground contaminated by both air-
The calculation of the effective dose equivalent borne deposition and irrigation water
takes into account the long-term t50-year) inter-
nal exposure from radionuclides taken into the • consumption of sanitary water derived from
body during the current year. The effective dose the Columbia River
equivalent is the sum of individual committed
(50-year_ organ doses multiplied by weighting • ingestion of fish taken from the Columbia

factors that represent th,: proportion of the total River
health--eftbct risk that each organ would receive
from unifbrm irradiation of the whole body. In- • recreation along the Columbia River, including
ternal organs may also be irradiated from exter- boating, swimming, and shoreline activities.
nal sources of' radiation. The external exposure
received during the current year is added to the 3. 80-km Population Doses (person-rem).
committed internal dose to obtain the total eff?ec- Regulatory limits have not been established
tive dose equivalent. In this report, the effbctive for populati.on doses. However, evaluation of
dose equivalent is expressed in rem (or milliremL the collective population doses to ali residents
with the corresponding value in sievert tor milli- within an 80-km (50-mi) radius of Hanford
sievert/in parentheses. The numerous transfer Site operations is required by DOE Order
factors used fbr pathway and dose calculations 5400.5. The 80-km (50-mi) population dose
have been documented in GENII/Napier et al. represent the summed products of the indi-
1988a, 1988b, 1988c_. vidual doses fbr the number of' individuals

involved for ali potential exposure pathways.
The fbllowing types of' radiation doses were esti-
mated: The pathways assigned the maximally exposed

individual were assumed to be applicable to
1. "Boundary" Whole-Body Dose Rate the off_ite population with the addition of

(mrem/h and mrem/yr). The external radia- drinking water drawn from the Columbia
tion dose rates during the year in areas acces- River. Consideration was given, however, to
sible by the general public were determined the fraction of' the off:site population actually
from measurements obtained in proximity to affected by each pathway. The exposure path-

operating facilities, ways for the population are as fbllows:

2. "Maximally Exposed Individual" Dose • Drinking Water. The cities of"Richland and

(mrem). The maximally exposed individual is Pasco obtain their municipal water directly,
a hypothetical member of the public who lives and Kennewick indirectly, from the Columbia
at a location and has a postulated lifestyle River downstream from the Hanford Site. A

such that it is unlikely that other members of total population oi' approximately 70,900 in the
the public would receive higher doses. Ali po- three cities drinks water derived from the Co-
tentially significant exposure pathways to this lumbia River.
hypothetical individual were considered, in-

cluding the fbllowing: • Irrigated Food. Columbia River water is
withdrawn fbr irrigation of small vegetable

• inhalation of' airborne radionuclides gardens and fhrms in the Riverview district of
Pasco in Franklin County. Enough fbod is

• submersion in airborne radionuclides grown in this district to feed an estimated
2,000 people. Commercial crops are also

• ingestion of fbodstuff_ contaminated by radio- irrigated by Columbia River water in the Horn
nuclides deposited on vegetation and the Rapids area of Benton County.
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• River Recreation. These activities include (Bisping 1992). These data describe the trans-
swimming, boating, and shoreline recreation, port and dilution of airborne radioactive mate-
An estimated 125,000 people reside adjacent to rial, and influence doses to the maximally ex-
the river within 80 km (50 mi) of the Hanford posed individual and public by estimating the
Site and are assumed to be affected by these amounts of radionuclides being transported
pathways, through the air to specific locations.

• Fish Consumption. Population doses from Terrestrial and Aquatic Pathways
the consumption of fish obtained locally from

the Columbia River were calculated from an Important parameters affecting the movement of
estimated total annual catch of 15,000 kg/yr radionuclides within potential exposure path-
(without reference to a specified human group ways, such as irrigation rates, growing periods,
of consumers), and holdup periods, are listed in Table C.1. Cer-

tain parameters are specific to either the life-

Data styles of"maximally exposed" or "average"
individuals.

The data that are needed to perform dose calcula-
tions based on measured effluent releases include Public Exposure
information on initial transport through the at-
mosphere or river, transfer or accumulation in The potential off'site radiation dose is related to
terrestrial and aquatic pathways, and public ex- the extent of external exposure to or intake of'
posure. By comparison, radiation dose calcula- radionuclides that are released from Hanford Site
tions based on measured concentrations of radio- operations. Tables C.2 through C.4 give the pa-

nuclides in fbod require data describing only rameters describing the diet, residency, and river
dietary and recreational activities and exposure recreation assumed for "maximally exposed" and

times. These data are discussed inthe following "average" individuals.
sections.

Dose Calculation
Population Distribution and Documentation
Atmospheric Dispersion

Geographic distributions of the population resid- The Hanford Dose Overview Panel has the re-
ing within an 80-km (50-mi) radius of the four sponsibility for defining standard, documented
Hanford Site operating areas are shown in the computer codes and input parameters to be used
Hanford Site Enuironmental Data for Calendar for radiation dose calculations for the public in

the vicinity of the Hanford Site. Only those pro-
Year 19.91 - Surface and Columbia River (Bisping
19921. These distributions are based on 1990 cedures, models, and parameters defined by the

Bureau of Census data (Beck et al. 1991). These Hanford Dose Overview Panel were used to cal-

data influence the population dose by providing culate the radiation doses. The calculations were
then reviewed by the Dose Overview Panel. Sum-estimates of the number of people exposed to

radioactive material releases and their proximity maries of dose calculation documentation for this
to the points of release, report are shown in the Hanfi_rd Site Environ-

mental Data/br Calendar Year 19,91 - Surface

Atmospheric dispersion data are also shown in and Columbia Rivet" (Bisping 1992).

the Han[brd Site Environmental Data/br Calen-
dar Year 1991 - Surface and Columbia Rivet"
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Table C.1. Food Pathway Parameters Used in 1991 Dose Calculations

Holdup, days '"' Growing Irrigation
Maximally Exposed Average Period, Yield, Rate,

Individual Individual days kg/m _ L/m2/month

Leafy Vegetables 1 14 90 1.5 150
Other Vegetables 5 14 90 4 170
Fruit 5 14 90 2 150
Cereal 180 180 90 0.8 0

Eggs 1 18 90 0.8 0
Milk 1 4

Hay (100) 'b' (100) 45 2 200
Pasture (0) (0) 30 1.5 200

Red Meat 15 34

Hay (100) (100) 45 2 200
Grain (180) (180) 90 0.8 0

Poultry 1 34 90 0.8 0
Fish 1 1 .........

Drinking Water 1 1 .........

(a) Holdup is the time between harvest and consumption.
(b) Values in ( ) are the holdup in days between harvest and consumption by farm animals.

Table C.2. Dietary Parameters Used in the 1991 Dose Calculations

Consumption, kg/yr
Maximally

Exposed Average
Individual Individual

Leafy Vegetables 30 15
Other Vegetables 220 140
Fruit 330 64
Grain 80 72

Eggs 30 20
Milk'"' 270 230
Red Meat 80 70

Poultry 18 8.5
Fish 40 _.,b,

Drinking Water'"' 730 440

(a) Units L/yr.
(b) Average individual consumption not identified; radiation

doses were calculated based on estimated total annual

catch of 15,000 kg.
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Table C.3. Residency Parameters Used in the 1991 Dose Calculations

Exposure:. h/yr .....
Maximally
Exposed Average

Parameter Individual Individual

Ground Contamination 4,383 2,920
Air Submersion 8,766 8,766
Inhalation '_' 8,766 8,766

(a) Inhalation rates: Adult 270 cm3/s.

Table C.4. Recreational Parameters Used in the 1991 Dose Calculations

Maximally
Exposed Average

Parameter Individual Individual
....................................................................................

Shoreline 500 17

Boating 100 5
Swimming 100 10

(a) Assumed river water travel times from 100-N to the point of
aquatic recreation were 8 h for the maximally exposed indi-
vidual and 13 h for the average individual. Correspondingly
lesser times were used for other locations.
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Appendix D

RCRA and CERCLA Monitoring Documents

The following lists Resource Cvation and Recov- 1991 Through December 31, 1991. DOE/
cry Act (RCRA) ground-water monitoring publi- RL 92-26, U.S. Department of Energy,
cations for 1991: Richland, Washington.

• U.S. Department of Energy (DOE). 1991. • U.S. Department of Energy (DOE ). 1992.
Quarterly Report of RCRA Ground- Annual Report of RCRA Groundwater
water Monitoring Data for January 1, Monitoring Projects at Hanford Site
1991 Through March 31, 1991. DOE/RL Facilities for 1991. DOE/RL 92-03, U.S.

91-26, U.S. Department of' Energy, Richland, Department of Energy, Richland,
Washington. Washington.

• U.S. Department of Energy (DOE). 1991. Below is a list of Comprehensive Environmental
Quarterly Report of RCRA Ground- Response, Compensation, and Liability Act
water Monitoring Data for April 1, 1991 (CERCLA) groundwater monitoring publications
Through June 30, 1991. DOE/RL 91-47, for 1991.
U.S. Departm'mt of Energy, Richland,

Washington. • Westinghouse Hanford Company (WHC).
1991. Interim Groundwater Data Sum-

. U.S. Department of Energ_y (DOE). 1991. mary Report for the ll00-EM-1 Operable
Quarterly Report of RCRA Ground- Unit for 1990. Westinghouse Hanfbrd
water Monitoring Data for July 1, 1991 Company, Richland, Washington.
Through September 30, 1991. DOE/RL

91-57, U.S. Department of Energy, Richland, • Westinghouse Hantbrd Company (WHC).
Washington. 1991. Groundwater Data Quality Report

for the ll00-EM-1 Operable Unit for First
• U.S. Department of Energy (DOE). 1992. and Second Quarter 1991. Westinghouse

Quarterly Report of RCRA Ground- Hanford Company, Richland, Washington.
water Monitoring Data for October 1,
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Appendix E

Radionuclides Detected by Gamma
Spectroscopy (Gamma Scan)

One of the more common forms of radiation is from Hanford activities. They include activation
gamma radiation. Gamma radiation is emitted products formed by the absorption of a neutron

by many radionuclides. Gamma spectroscopy, by a stable element and fission products that
sometimes called a gamma scan, is used in the occur following fission (splitting) of nuclear fuel
environmental surveillance program to detect the radionuclides like _:_U oi' _:_"'Pu. These radion-

presence of the radionuclides shown in Table E.1. uclides may not be discussed in the main body of
These radionuclides may be natural or result this report if they are below detection levels.

Table E.1. Radionuclides Analyzed by Gamma-Spectroscopy

Radionuclide Symbol Source

Beryllium-7 7Be Natural
Sodium-22 '_2Na Activation Product
Sodium-24 _4Na Activation Product
Potassium-40 4°K Natural

Manganese-54 '_4Mn Activation Product
Cobalt-58 '_sCo Activation Product
Cobalt-60 6°Co Activation Product
Iron-59 '_9Fe Activation Product
Zinc-65 6_Zn Activation Product
Zirconium/Niobium-95 :J'_Zr/Nb Activation Product and Fission Product

Molybdenum-99 9_)Mo Activation Product and Fission Product
Ruthenium-103 l('3Ru Activation Product and Fission Product
Ruthenium- 106 l°_Ru Fission Product

Antimony- 125 _2'_Sb Activation Product
Iodine- 131 ':_lI Fission Product
Cesium-134 _3'_Cs Activation Product
Cesium- 137 _:_TCs Fission Product

Barium/Lanthanum- 140 _4°Ba/La Fission Product
Cerium- 141 _4,Ce Activation Product and Fission Product

Cerium/Praseodymium- 144 '44Ce/Pr Fission Product

Europium- 152 l_'_Eu Activation Product
Europium- 154 _'_4Eu Activation Product
Europium- 155 _'_Eu Activation Product
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1991 Distribution

No. of No. of

Copies Copies

Hanford Site Contractors Public and Elected Officials 25

Pacific Northwest Laboratory {PNL) 226 Professional Organizations,
Westinghouse Hanford Company (WHC) 111 Public Interest Groups, and
Hanford Environmental Health

Foundation IHEHF) 3 Native American Officials 44

Kaiser Engineers Hanford (KEHI 1

Farmers Contributing Samples
DOE, EPA, State and Federal for Analyses 29

Agencies, Other DOE Sites, Other
Companies, or Nuclear Facilities Owners and/or Administrators

of Islands in the Hanford Reach
DOE Richland Operations Office IRL) 41 of the Columbia River
DOE Headquarters/DOE-HQ) 30
Environmental Protection Agency (EPAI 8 (Excluding DOE) 7

Washington State Agencies 19

Oregon State Agencies 7 Community-Operated
Other DOE Sites and Federal Agencies,

Other Companies or Nuclear Facilities 73 Environmental Surveillance
Station Managers 5

Libraries, Universitie,q, and
Schools 13 Interested Citizens and Others 12
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