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Preface

This document describes the U.S. Department of Energy's (DOE) Hanford Site environment. It is
updated each year and isintended to provide a consistent description of the Hanford Site environment for
the many National Environmental Policy Act (NEPA) documents being prepared by DOE contractors.
No statements of significance or environmental consequences are provided. Thisyear's report isthe
fifteenth revision of the original document published in 1988 and is (until replaced by the sixteenth
revision) the only version that is relevant for use in the preparation of Hanford NEPA, State
Environmental Policy Act (SEPA), and Comprehensive Environmental Response, Compensation, and
Liability Act (CERCLA) documents.

The two chaptersincluded in this document (Chapters 4 and 6) are numbered to correspond to the
chapters where such information is typically presented in environmental impact statements (EISs) and
other Hanford Site NEPA or CERCLA documentation. Chapter 4.0 (Affected Environment) describes
Hanford Site climate and meteorology; geology; hydrology; ecology; cultural, archaeological, and
historical resources; socioeconomics; noise; and occupational safety. Sources for extensive tabular data
related to these topics are provided in the chapter. Most subjects are divided into a general description of
the characteristics of the Hanford Site, followed by site-specific information, where available, of the 100,
200, 300, and other areas. Thisdivision alows the reader to go directly to those sections of particular
interest. When specific information on each of these separate areas is not complete or available, the
general Hanford Site description should be used.

Chapter 6.0 (Statutory and Regulatory Requirements) describes federal and state laws and
regulations, DOE directives and permits, and presidential executive orders that are applicable to the
NEPA documents prepared for Hanford Site activities. Information in Chapter 6 of this document can be
adapted and supplemented with specific information for a chapter covering statutory and regulatory
reguirementsin an environmental assessment or environmental impact statement (EIS).

When preparing environmental assessments and EISs, authors should also be cognizant of the
document titled Recommendations for the Preparation of Environmental Assessmentsand Environmental
Impact Satements published by the DOE Office of NEPA Oversight (DOE 1993a). Additional guidance
on preparing DOE NEPA documents can befound at http://tis.eh.doe.gov/nepdguidance.html.

Any interested individual seeking basdline data on the Hanford Site and its past activities may also
use the information contained in this document to evaluate projected activities and their impacts.

For this 2003 revision, the following sections of the document were reviewed by the authors and
updated with the best available information through April 2003:

Climate and Meteorology

Geology

Hydrology — Average daily flow charts for the Columbia and Y akima rivers.
Ecology — Threatened and Endangered Species subsection only

Cultural, Archaeological, and Historical Resources

Socioeconomics

Occupational Safety

All of Chapter 6, Statutory and Regulatory Requirements.

Remaining sections were last revised in 2002.
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Pacific Northwest National Laboratory (PNNL) staff prepared individual sections of this document,
with input from other Site contractors. Moredetailed data are availablefrom reference sources cited or
from the authors. Thefollowing personnel are responsiblefor the various sections of thisdocument and

can be contacted with questions:

Document Editor D. A. Neitze (509) 376-0602 | duane.neitzel @pnl.gov
Introduction A.L. Bunn (509) 376-6300 Amoret.Bunn @pnl.gov
Climate/Meteorology Air D.J. Hoitink 14 |-dana.i.hoitink@pnl.gov
Quality B. G. Fritz (309) 37264« | Bradiey.Fritz@pnl.gov
Geology S. P. Reidel (509) 376-9932 | _sp.reidel @pnl.gov

A. C. Rohay (509) 376-6925 | alan.rohay @pnl.gov

P.D. Thorne (509) 372-4482 | _paul.thorne@pnl.gov
Hydrology D. G. Horton (509) 376-6868 | dg.horton@pnl.gov

G.V. Last (509) 376-3961 | george.last@pnl.gov
Ecology T. M. Poston (509) 376-5678 | ted.poston@pnl.gov
Cultural, Archaeological, D. W. Harvey (509) 373-2945 | david.harvey @pnl.gov
and Historical Resources E.L.Prendergast- | (509) 376-4626 | Ellen.Prendergast@pnl.gov

Kennedy

D. M. Woody (509) 372-1079 | Dave.Woody @pnl.gov
Socioeconomics R. A. Fowler (509) 372-4332 | richard.fowler@pnl.gov
Noise T. M. Poston (509) 376-5678 |_ted.poston@pnl.gov
Occupational Safety J. P. Duncan (509) 376-7899 | _joanne.duncan@pnl.gov

Statutory and Regulatory
Requirements

P. L. Hendrickson

(509) 372-4294

|_paul.hendrickson@pnl.gov__|

The suggested citation for thisdocument is Neitzel, D. A., ed. 2003. Hanford Ste National
Environmental Policy Act (NEPA)Characterization. PNL-6415, Rev. 15. Pacific Northwest National
Laboratory, Richland, Washington.

A copy of thedocument is available, upon request, from Duane A. Neitzel at (509) 376-0602. The
document is also availableelectronically at http://www.pnl.gov/nepa
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AADT
AAS
ACL
AEA
ALE
ARAR
ARPA
BCAA
BCRFD
BLS
BNI
BNSF
B.P.
BPA
CAA
CBC
CCP/EIS
CEQ
CERCLA
CFR
Corps
CWA
dB

dBA
DCG
DOC
DOE
DOE-ORP
DOE/RL
DOH
DOI
DOL
DWS
E/Q

EA

EC
Ecology
EDNA
EIS

EJ
EMT
EO
E.O.
EPA
EPCRA
ESU

Acronyms, Abbreviations, and Symbols

Annual average daily traffic

Associate in applied science

Administrative Control Level

Atomic Energy Act

Fitzner Eberhardt Arid Lands Ecology Reserve
Applicable or Relevant and Appropriate Requirements
Archaeological Resources Protection Act
Benton Clean Air Authority

Benton County Rural Fire Department

Bureau of Labor Statistics

Bechtel National Inc.

Burlington Northern & Santa Fe Railway
Before present

Bonneville Power Administration

Clean Air Act

Columbia Basin College

Comprehensive Conservation Plan/ Environmental Impact Statement

Council on Environmental Quality

Comprehensive Environmental Response, Compensation, and Liability Act

Code of Federal Regulations

U.S. Army Corps of Engineers

Clean Water Act

Decibels

A-weighted sound level

Derived concentration guides

U.S. Department of Commerce

U.S. Department of Energy

U.S. Department of Energy Office of River Protection
U.S. Department of Energy, Richland Operations Office
Washington State Department of Health

U.S. Department of the Interior

U.S. Department of Labor

Drinking water standards

Atmospheric dispersion estimates

Environmental assessment

Environmental concern

Washington State Department of Ecology
Environmental designation for noise abatement
Environmental Impact Statement

Environmental justice

Emergency medical technician

Environmental Objections

Executive Order

U.S. Environmental Protection Agency

Emergency Planning and Community Right-To-Know Act
Evolutionary significant units
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Acronyms, Abbreviations, and Symbols(cont’d.)

EU
FEMA
FFTF

FR

FY
GENI|I
HABS
HAER
HAMMER
HCP-EIS
HCRL
HEHF
Historic District
HMS

Hz

|

kWh

Leg
LIGO
LLWPA
LO

LOS

LWC
LWD
MCL

MEI

MMI
MOU

MW
NAAQS
Nationa Register
NEPA
NESHAP
NHPA
NMFS
NPDES
NPL
NPPC
NRC
NWPA
OFM
OSHA
OSPI
OTED
PCB

PFP

PL

Environmentally unsatisfactory

Federal Emergency Management Agency

Fast Fl ux Test Facility

Federa Register

Fiscal Year

Generation II Model For Environmental Dose Cal culations
Historic American Buildings Survey

Historic American Engineering Record

Hazardous Materials Management and Emergency Response
Hanford Comprehensive Land-Use Plan Environmental Impact Statement
Hanford Cultural ResourcesLaboratory

Hanford Environmental Health Foundation

Hanford Site Manhattan Project and Cold War Era Historic District
Hanford Meteorology Station

Hertz

Interstate

Kilowatt-hour

Equivalent sound level

Laser Interferometer Gravitational Wave Observatory
Low-Level Radioactive Waste Policy Act

Lack of objections

Level of service

Lost workday cases

Lost workdays

Maximum contaminant levels

Maximally exposed individual

Modified Mercalli intensity

Memorandum of understanding

M egawatt

National Ambient Air Quality Standards

National Register of Historic Places

National Environmental Policy Act

National Emission Standardsfor Hazardous Air Pollutants
National Historic Preservation Act

National Marine FisheriesService

National Pollutant Discharge Elimination System

National PrioritiesList

Northwest Power Planning Council

U.S. Nuclear Regulatory Commission

Nuclear Waste Policy Act

Office of Financid Management (Washington State)
Occupational Safety and Health Administration

Office of Superintendent of Public Instruction

Washington State Office of Trade and Economic Development
Polychlorinated biphenyls

Plutonium Finishing Plant

Public law



Acronyms, Abbreviations, and Symbols(cont'd.)

PM; 5
PMjo
PNNL
PSD
PUREX
RCRA
RCW
REIS
RM
ROD
SARA
SDWA
SEPA
SESP
SHPO
SIP

SR

TCP
TEDE
TEDF
TRIDEC
TRC
Tri-Cities
Tri-Party Agreement
TSCA
TSD
U0,
usc
USFWS
USGS
WAC
WDFW
WNP
WSU-TC
XQ

Particulate matter (2.5 um or less)

Particul ate matter (10 pm or less)

Pacific Northwest National Laboratory
Prevention of significant deterioration
Plutonium-uranium extraction

Resource Conservation and Recovery Act
Revised Code of Washington

Regiona Economic Information System

River mile

Record of Decision

Superfund Amendments and Reauthorization Act
Safe Drinking Water Act

State Environmental Policy Act (Washington)
Surface Environmental Surveillance Project
State Historic Preservation Officer

State Implementation Plan

State route

Traditional Cultural Place

Total effective dose equivalent

Treated Effluent Disposal Facility

Tri-Cities Industrial Development Council
Total recordable cases

Kennewick, Pasco, and Richland, Washington
Hanford Federal Facility Agreement and Consent Order
Toxic Substances Control Act

Treatment, storage, and/or disposal

Uranium trioxide

United States Code

U.S. Fish and Wildlife Service

U.S. Geological Survey

Washington Administrative Code
Washington State Department of Fish and Wildlife
Washington nuclear plant

Washington State University, Tri-Cities
Atmospheric dispersion coefficient

ix



Acronyms, Abbreviations,and Symbols (cont'd.)

Namesand Symbolsfor Unitsof Measure, Radioactivity, Time, and Mathematical Terms

min  minimum

Length Area Volume Time/Speed
cm centimeter | km®  square m®>  cubic meter s second
ft foot kilometer ga galon hr hour
in. inch mi?  square mile L liter yr year
km  kilometer ac acre mph  miles per hour
m  meter ha hectare m/s  meters per
mi mile second
mm  millimeter g acceleration of
gravity
Radioactivityl Temperature M athematical Mass
Radiation Dose °C degrees Celsius > greater than g  gram
Ci curie °F degrees Fahrenheit |2  greater than orequal to | kg  kilogram
pCi  picocurie < less than mg milligram
rorem millirem < less than or equal to ng microgram
Bg  becquerel Chemical - approximately
Sv. sievert M molar avg average Concentration
Gy  gray max maximum

ppm parts per million
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4.0 Affected Environment

I ntroduction
A.L.Bunn

The U.S. Department of Energy (DOE) Hanford Site lies within the semiarid Pasco Basin of the
Columbia Plateau in southcentral Washington State (Figure 4.0-1). The Site occupies an area of about
1517 km? (about 586 mi2) “ north of the confluence of the Y akima River with the Columbia River. The
Hanford Siteis about 50 km (30 mi) north to south and 40 km (24 mi) east to west. Thisland, with
restricted public access, provides a buffer for the smaller areas currently used for storage of nuclear
materials, waste treatment, and waste storage and/or disposal. The Columbia River flows through the
northern part of the Hanford Site and, turning south, forms part of the Site's eastern boundary. The
Y akimaRiver runs near the southern boundary of the Hanford Site and joins the Columbia River at the
city of Richland, which bounds the Hanford Site on the southeast. Rattlesnake Mountain, Y akimaRidge,
and Umtanum Ridge form the southwestern and western boundaries. Saddle Mountain forms the northern
boundary of the Hanford Site. Two small east-west ridges, Gable Butte and Gable Mountain, rise above
the plateau of the central part of the Hanford Site. Adjoining lands to the west, north, and east are
principally range and agricultural land. The cities of Kennewick, Pasco, and Richland (the Tri-Cities),
and the city of West Richland constitute the nearest population centers and are located south-southeast of
the Hanford Site.

The Hanford Site was established in 1943 to produce raw materials (plutonium) for nuclear weapons,
it wasthe first nuclear production facility in the world. The U.S. Army Corps of Engineers selected the
Hanford Site because it was remote from major populated areas and had ample electrical power from
Grand Coulee Dam, afunctional railroad, clean water available from the Columbia River, and plenty of
sand and gravel available onsite for construction. The Hanford Site was divided into a number of
operational areas (e.g., 100,200, 300, and 400 Areas) (DOE 1998a,b).

From the early 1940sto the present, most research and development activities were carried out in the
300 Arealocated just north of Richland. The 300 Area was also the location of nuclear fuel fabrication.
Nuclear fuel in theform of pipe-like cylinders (fuel slugs) was fabricated from purified uranium shipped
in from offsite production facilities. The fabricated fuel slugs were shipped by rail from the 300 Areato
the nuclear reactors in the100 Areas, located at the northern portion of the Site on the shore of the
ColumbiaRiver, where up to nine nuclear reactors were in operation. Thefirst eight reactors were
constructed between 1944 and 1955. The ninth reactor, N Reactor, was completed in 1963. The
irradiated fuel produced in the 100 Areareactors was transported by rail to the 200 Areas, where the
plutonium was recovered.

The 200 East and 200 West Areas are located on a plateau about 11 and 8 km (7 and 5 mi),
respectively, south of the Columbia River. These areas housed facilities called separations plants that
received and dissolved irradiated fuel and then separated out the plutonium. High-level wastes were
neutralized and stored in large underground tanks. Intermediate-level wastes containing fission products,
activation products, and nitrate ion were discharged to cribs. Low-level wastes and cooling water from
the plants were distributed by open ditch to surface ponds for evaporation and percolation into the ground.

@ Thisfigure is basad on the newest GIS interpolationd the Hanford Site legdl boundary. Higtorically,the Site
areawas reported as 1450 km? (560 mi?), calculated by the addition of sectionsand subunits based on surveys
from the 1800s. Induded in the Site is 36.42 km? (14.1 mi?) of Columbia River surface water and 1 midf
Washington State land (DOE 1999a).
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Other areas on the Hanford Site include the 400 and 600 Areas. The Fast Flux Test Facility located in
the 400 Areaisa specia nuclear reactor designed to test various types of nuclear fuel, produce medical
and industrial isotopes, and conduct cooperative international research. Thefacility operated for about
ten years and has been shut down since 1993. The 600 Areaincludes al the land between the designated
areas of the Site.

Areas near north Richland provided Hanford Site support services. The former 1100 Area, about
1.8 km (1.1 mi) west of the Columbia River wasthe location of general stores and the transportation
maintenance facility for the Hanford Site. Operations at the transportation maintenance facility resulted
in ground contamination from several chemicals, oils, and greases. No radioactive waste was discharged
to the ground in the 1100 Area. The 1100 Area was declared clean and the Environmental Protection
Agency issued adelisting from the National Priorities List September 1996 (DOE 1998a). The 700 Area
was the original location for administrative activities at Hanford. Most of this area has been incorporated
into the city of Richland (DOE/RL 2002).

At the Hanford Site several areas, totaling 665 km (257 mi), have been set aside for special uses. The
Fitzner/Eberhardt Arid Lands Ecology Reserve (ALE), used for ecological research, was established in
1967 on land between the southern boundary of the Hanford Site and State Route 240. On the north end
of the site are the Saddle Mountain National Wildlife Refuge and the Wahluke Slope Wildlife Recreation
Area. Nuclear operations and activities not under the auspices of DOE include commercial power
production by Energy Northwest (near the 400 Area) and commercial low-level radioactive waste burial
at asiteleased and licensed by the State of Washington and operated by U.S. Ecology (near the 200
Areas). Near the southern boundary of the Hanford Site north of Richland, Framatome ANP, Richland
Inc., operates acommercia nuclear fuel fabrication facility and Allied Technology Group Corporation
operates alow-level radioactive waste decontamination, super-compaction, and packaging disposal
facility.

The Hanford Site encompasses more than 2700 waste management units and groundwater
contamination plumes. These waste sites have been grouped into 74 operable units. Each unit has
complementary characteristicsof such parameters as geography, waste content, type of facility, and
relationship of contaminant plumes. This grouping into operable unitsallows for economies of scaleto
reduce the cost and number of characterization investigations and remedial actions that will be required
for the Hanford Site to complete environmental cleanup efforts (WHC 1989). The 74 operable units are
located in four areas; 17 in the 100 Area, 51 in the 200 Areas, 2 in the 300 Area, and 4 in theformer 1100
Area (DOE 2002a). Those persons contemplating NEPA-related activities on the Hanford Site should be
aware of the existence and location of the various operable units. Detailed information concerning the
operable units and current maps showing the locations of the operable units can be obtained from the
management contractor Fluor Hanford, Inc.

June 9, 2000, William J. Clinton, by Presidential Proclamation, created the Hanford Reach National
Monument (65 FR 37253) under the authority of the 1906 Antiquities Act. Asestablished, the Monument
totals 792.6 km? (306 mi%) and includes the Fitzner Eberhardt Arid Lands Ecology Reserve (ALE), Saddle
Mountain Wildlife Refuge, McGee Ranch/Riverlands Area, and land 0.40 km (0.25 mi) inland from the
mean high-water mark on the south and west shores of the 82 km (51 mi) long Hanford Reach, the last
free-flowing, non-tidal stretch of the Columbia River. It also includes Wahluke Slope, federally owned
islands in the Hanford Reach, White Bluffs, and the sand dune area northwest of the Energy Northwest
Site (Figure 4.0-2). This designation establishes the protection and management of the lands within the
region of the monument. By memorandum, the President also directed the Secretary of Energy to consult
with the Secretary of the Interior regarding the incorporation of additional Hanford Site lands into the
Monument as the land is remediated.
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Figure4.0-2. Hanford Reach National Monument, Washington

June 14,2001, the DOE Richland Operations Office (DOE/RL) and the U.S. Fish and Wildlife
Service (USFWS) signed an amended Memorandum of Understanding (M OU) del egating management
responsibilities for the Hanford Reach National Monument. The MOU spells out the roles and
responsibilities of each agency for the Wahluke Slope and ALE Reserve. Objectives of the MOU areto
ensure:

natural and cultural resourcesare preserved while maintaining current use of Saddle
Mountain Wildlife Refuge as aresearch natural area and safety buffer for ongoing missions
on the Hanford Site

the portions of the Monument managed by USFWS are managed in accordance with the
Presidential Proclamation that the integrity of the Refuge as an intact ecological unit is
maintained

the Refuge is managed as a resource that provides an opportunity for Native Americansto
exercise traditiona religious and cultural activitiesconsistent with the foregoing objectives



e access to the Refuge is available for the educational, scientific, and recreational benefit of the
public to the extent this access and use is consistent with the foregoing objectives and
compatible with Refuge purposes
worker safety and public protection are maintained

e nationaly significant cultura resources including archeologica and historic resources and
traditional cultural places continue to be protected, preserved, and monitored.

Asaresult of the MOU, the USFWS isthe lead agency in producing a Comprehensive Conservation
Plan (CCP/EIS) for management of the Hanford Reach National Monument, including Wahluke Slope
(Saddle Mountain Unit and Wahluke Unit) and ALE. Development of the CCP/EIS will be a public
process, including input from local governments, affected Native American Tribes, stakeholders, and the
recently initiated Federal Advisory Committee for the Hanford Reach National Monument. DOE’s
approval will be necessary prior to implementation of the CCP/EIS. Under the MOU, DOE and USFWS
will produce other agreements for such actions as site access, security, emergency preparedness, mutual
assistance, wildland fire response, and cultural and biological resource management.

4.1 Climateand Meteorology/Air Quality
D.J. Hoitink and B. G. Fritz

The Hanford Site lies within the semiarid shrub-steppe Pasco Basin of the Columbia Plateau in
southcentral Washington State. The region's climate is greatly influenced by the Pacific Ocean, the
Cascade Mountain Range to the west, and other mountain ranges located to the north and east. The
Pacific Ocean moderates temperatures throughout the Pacific Northwest and the Cascade Range generates
arain shadow that limits rain and snowfall in the eastern half of Washington State. The Cascade Range
also serves as a source of cold air drainage, which has a considerable effect on the wind regime on the
Hanford Site. Mountain ranges to the north and east of the region shield the areafrom the severe winter
storms and frigid air masses that move southward across Canada.

Climatological datafor the Hanford Site are compiled at the Hanford Meteorology Station (HMS).
The HMS islocated on Hanford's Central Plateau, just outside the northeast corner of the 200 West Area
and about 4 km (3 mi) west of the 200 East Area. Meteorological measurements have been made at the
HMS sincelate 1944. Prior to the establishment of the HM S, local meteorological observations were
made at the Old Hanford Townsite (1912 through late 1943) and in Richland (1943-1944). A
climatological summary for Hanford is provided in Hoitink et al. (2003).®

Datafrom the HM S capture the general climatic conditionsfor the region and describe the specific
climate of Hanford's Central Plateau. The large size of the Hanford Site and its complex topography can
give riseto substantial spatial variations in wind, precipitation, temperature, and other meteorological
parameters. For example, thisis seen in the marked differencesin the annual distribution of wind
directions and speeds measured at the HM S on the Central Plateau and at the 300 Area near the
southeastern corner of the Hanford Site. To accurately characterize meteorological differences across the
Hanford Site, the HM S operates a network of automated monitoring stations. These stations, which
currently number 30, are located throughout the Site and in neighboring areas (Figure 4.1-1). A 124-m
(408-ft) instrumented meteorological tower operates at the HMS. A 61-m (200-ft) instrumented tower
operates at each of the 100-N, 300, and 400 Area meteorology-monitoring sites. Most of the other

@ Hanford climatologica data summaries have been updated annualy since 1995. Earlier dimatologica reports thet
have been extensively cited include Glantz et al. (1990) and Stoneet al. (1983). A detailed report on Hanford's
meteorologica monitoring instrumentation is provided in Glantz and Idam (1988).
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network stations use short-instrumented towers with heights of about 9.1 m (30ft). Instrumentation on
each tower isdescribed in Table4.1-1. Dataare collected and processed at each monitoring site, and key
information istransmitted to the HMS every 15 minutes. This monitoring network has been in full
operation since the early 1980s.

For reporting purposes throughout this section the seasons are defined asfollows:

Winter — December through February
Spring - March through May

Summer - June through August

Autumn - September through November.

411 Wind

Wind data at the HM S are collected at 2.1 m (7 ft) above the ground and at the 15.2-, 61.0-, and
121.9-m (50-, 200-, and 400-ft) levels on the 124-m (408-ft) tower. Each of the three 61-m (200-ft)
towers has wind-measuring instrumentation at the 10-, 25-, and 60-m (33-, 82-, and 197-ft) levels. The
short towers measure winds at 9.1 m (30 ft) above ground level.

The prevailing winds on Hanford's Central Plateau are the same year round, with prevailing wind
directions near the surface from the northwest (Figure 4.1-2). Winds from the northwest occur most
frequently during the winter and summer. Winds from the southwest also have a high frequency of
occurrence on the Central Plateau. During the spring and fall, there isan increase in the frequency of
winds from the southwest and a corresponding decrease in winds from the northwest.

In the southeastern portion of the Hanford Site (including the 300 [Station 11] and 400 [Station 9]
Areas), the prevailing wind direction near the surface isfrom the southwest during most months; winds
from the northwest are much lesscommon (Figure 4.1-2). In the 100 Area and along the Columbia River,
local winds are strongly influenced by the topography near theriver. At the 100-K (Station 29) and 100-
N (Station 13) facilities, the prevailing wind direction isfrom the west. At the 100-F (Station 24) facility
and near the Old Hanford Townsite (environmental designation for noise abatement [EDNA] station)
(Station 5), winds often have a northwesterly or southeasterly component.

Stations that are relatively close together can exhibit significant differences in wind patterns. For
example, the stations at Rattlesnake Springs (Station 4) and the 200 West Area (Station 7) are separated
by about 5 km (3 mi), yet the wind patterns at the two stations are very different (Figure 4.1-2). Care
should be taken when assessing the appropriateness of the wind data used in estimating environmental
impacts. When possible, wind datafrom the closest representative station should be used for assessing
local dispersion conditions.

Monthly and annual joint-frequency distributions of wind direction versus wind speed for the HM'S
are reported in Hoitink et al. (2003). Monthly average wind speeds at 15.2 m (50 ft) above the ground are
lower during the winter months, averaging 2.7 to 3.1 m/s (6 to 7 mph), and faster during the summer,
averaging 3.6 t0 4.0 m/s (8 to 9 mph). The fastest wind speeds at the HMS are usually associated with
flow from the southwest. However, the summertime drainage winds from the northwest frequently
exceed speeds of 13 m/s (30 mph). The maximum speed of the drainage winds (and their frequency of
occurrence) tends to decrease as one moves toward the southeast across the Hanford Site.
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Table4.1-1. Station Numbers, Names, and Meteorological Parameters Measured at each Station in

the Hanford Meteorol ogical Monitoring Network, Washington

Site Number Site Name Meteorological Parameter
1 Prosser Barricade WS, WD, T, P

2 EOC WS, WD, T, P

3 Army Loop Road WS, WD, T, P

4 Rattlesnake Springs WS, WD, T, P

5 EDNA WS, WD, T

6 200 East Area WS, WD, T, P, AP

7 200 West Area WS, WD, T, P

8 Beverly WS, WD, T, P

9 FFTF (61 m or 200 ft) WD, T, TD, DP, P, AP
10 Yakima Barricade WS, WD, T, P, AP

11 300 Area (61 m or 200 ft) WS, WD, T, TD, DP, P, AP
12 Wye Barricade WS, WD, T, P

13 100-N Area (61 m or 200 ft) WS, WD, T, TD, DP, P, AP
14 Energy Northwest (Supply System) WS, WD, T, P

15 Franklin County WS, WD, T

16 Gable Mountain WS, WD, T

17 Ringold WS, WD, T, P

18 Richland Airport WS, WD, T, AP

19 Plutonium Finishing Plant WS, WD, T, AP

20 Rattlesnake Mountain WS, WD, T, P

21 Hanford Meteorology Station (125 m or 410 ft) WS, WD, T, P, AP

22 Tri-Cities Airport WS, WD, T, P

23 Gable West WS, WD, T

24 100-F Area WS, WD, T, P

25 Vernita Bridge WS, WD, T

26 Benton City WS, WD, T, P

27 Vista WS, WD, T, P

28® Roosevelt, Washington WS, WD, T, P, AP

29 100-K Area WS, WD, T, P, AP

30 HAMMER WS, WD, T

L egend:

AP - Atmospheric Pressure TD

DP - Dew Point Temperature (WD - Wind Direction
P - Precipitation WS - Wind Speed
T - Temperature

(a) Rooseveltislocated on the ColumbiaRiver 57 mi west/southwest of the site.

Temperature Difference (between 10-m and 60-m Tower Levels)
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Table 4.1-2 presentsinformation on number of days, by month and annually, with wind gusts 2 11
m/s (25 mph) and 16 m/s (35 mph) for the HMS. Table 4.1-3 presents monthly and annual prevailing
wind directions, average wind speeds, and peak wind gusts at the HM S, 1945 through 2002.

Surfacefeatures have less influence on winds aloft than winds near the surface. However, substantial
spatial variations are found in the wind distributions across Hanford at 60 m (197 ft) above ground level
(Figure 4.1-3). For releasesat greater heights, the most representative data may come from the closest
representative 61-m (200-ft) tower rather than the nearest 9.1-m (30-ft) tower.

412 Temperatureand Humidity

The 124-m (408-ft) tower at the HM S has temperature-measuring instrumentation at the following
levels: 0.9,9.1, 15.2, 30.5, 610, 76.2, 91.4, and 121.9 m (3, 30, 50, 100, 200,250,300, and 400ft). The
three 61-m (200-ft) towers have temperature-measuring instrumentation at the following levels: 2, 10, and
60 m(~6.5, 33, and 197 ft). Temperatures are measured at the 2-m (~6.5-ft) level on the 9-m (30-ft)
towers. Relative humidity/dew point temperature measurements are made at the HM S and at the three
61-m (200-ft) tower locations.

Monthly averages and extremes of temperature, dew point, and humidity are presented in Hoitink et
al. (2003). Based on datacollected from 1946 through 2002, the average monthly temperatures at the
HMS range from a low of -0.7°C (31°F) in January to a high of 24.7°C (76°F) in July. The highest winter
monthly average temperatures were 6.9°C (44°F) in February 1958 and February 1991, and the lowest
average monthly temperature was -11.1°C (12°F) in January 1950. The highest monthly average
temperature was 27.9°C (82°F) in July 1985 and the lowest summer monthly average temperature was
17.2°C (63°F) in June 1953.

Daily maximum temperatures at the HM S vary from an average of 2°C (35°F) in late December and
early January to 36°C (96°F) in late July. There are, on average, 52 days during the summer months with
maximum temperatures 232°C (90°F) and 12 days with maxima greater than or equal to 38°C (100°F).
The greatest number of consecutive days on record with maximum daily temperatures 232°C (90°F) is 32

days. The record maximum temperature, 45°C (113°F) occurred at the HMS on July 13,2002 and
August 4, 1961.

From mid-November through early March, the average daily minimum temperature is below freezing;
the daily minimum in late December and early January is-6°C (21°F). On average, the daily minimum
temperature of <-18°C (-0°F) occurs only 3 days per year; however, only about one winter in two
experiences such low temperatures. The greatest number of consecutive days on record with minimum
daily temperatures of < -18°C (~0°F) is 11 days. The record minimum temperature, -31°C (-23°F)
occurred on both February 1 and 3, 1950.

The annual average relative humidity at the HMSis55%. It is highest during the winter months,
averaging about 76%, and lowest during the summer, averaging about 36%. The annual average
dewpoint temperature at the HM S is 1°C (34°F). In the winter, the dewpoint temperature averages about
-3°C (27°F), and in the summer it averages about 6°C (43°F).



Table4.1-2. Number of Days with Peak Gusts above Specific Thresholdsat 15-m (50-ft) Level, 1945
through 2002, Hanford Meteorology Station, Washington

Dayswith Peak Gusts>11 m/s (25 mph) Days with Peak Gusts 216 m/s (35 mph)

Month Avg Max Y ear Min  Year Avg Max Year Min Y ear
January 7.3 21 1953 0 1985" 40 14 1953 0 1985
February 8.6 17 1976 2 1952@ 38 14 1976 0 2001®
March 130 21 1977 4 1992 5.4 14 1997 0 1992
April 16.9 26 1954 8 1946 6.3 12 1972 1 1967
May 18.8 26 1978 9 1945 6.2 13 2002 0 1957
June 19.7 26 1963 11 1950“ 6.3 12 2002 1 1982
July 19.5 26 1995 11 1955 5.6 11 1994™ 1 1982
August 15.8 24 2000 7 1945 4.2 12 1996 0 1978@
September 113 17 2002 7 1975@ 33 7 2001® 0 1975
October 89 17 1985 3 1987@ 3.2 11 1997 0 1993
November 8.3 16 1990 0 1979 38 10 1998 0 1997
December 7.6 15 1968 0 1985 43 11 1957 0 1985
Annual 1563 192 1999 123 1952 56.4 86 2002 31 1978
(a) Most recent of multiple occurrences

Table 4.1-3. Monthly and Annual Prevailing Wind Directions, Average Speeds, and Peak Gusts at 15-m
(50-ft) Level, 1945 through 2002, Hanford Meteorology Station, Washington (Hoitink et al.

2003)
Peak Gusts
Average  Highest L owest
Prevailing  Speed Average Average Speed

Month Direction (mph) (mph) Y ear (mph) Year (mph) Direction Year
Jan NW 6.3 10.3 1972 29 1985 80 SW 1972
Feb NW 7.1 111 1999 4.6 1963 65 SwW 1971
Mar WNW 8.2 10.7 1977 59 1958 70 SW 1956
Apr WNW 8.9 111 1972 74 1989 73 SSw 1972
May WNW 8.8 10.7 1983 5.8 1957 71 SSW 1948
Jun NW 91 10.7 1983™ 7.7 19509 72 SW 1957
Jul NW 8.6 10.7 1983 6.8 1955 69 WSwW 1979
Aug WNW 8.0 95 1996 6.0 1956 66 SW 1961
Sep WNW 7.5 9.2 1961 54 1957 65 SSW 1953
Oct NW 6.6 91 1946 44 1952 72 SW 1997
Nov NW 6.3 10.0 1990 29 1956 67 WSW 1993
Dec NW 6.0 8.3 1968 3.3 1985 71 SW 1955

Jan-
Annua NW 7.6 8.8 1999 6.2 1989 80 SW 72
(8) Alsoin earlier years
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4.1.3 Precipitation

Average annual precipitation at the HMS is17 cm (6.8in.). In 1995, the wettest year on record, 31.3
cm (12.3in.) of precipitation was measured; in 1976, the driest year, only 7.6 cm (3in.) was measured.
The wettest season on record was the winter of 1996-1997 with 14.1 cm (5.4 in.) of precipitation; the
driest season was the summer of 1973 when only 0.1 cm (0.03 in.) of precipitation was measured. Most
precipitation occursduring the late autumn and winter, with more than half of the annual amount
occurring from November through February. Days with >1.3 cm (0.50 in.) precipitation occur on average
less than one time each year.

Average snowfall rangesfrom0.25 cm (0.1 in.) in October to a maximum of 13.2cm (5.2in.) in
December and decreasesto 1.3 cm (0.5in.) in March. Therecord monthly snowfall of 59.4 cm (23.4in.)
occurred in January 1950. The seasonal record snowfall of 142.5 cm (56.1 in.) occurred during the winter
of 1992-1993. Snowfall accountsfor about 38% of al precipitation from December through February.

414  Fogand Visbility

Fog has been recorded during every month of the year at the HMS; however, 89% of the occurrences
are from November through February, with less than 3% from April through September (Table 4.1-4).
The average number of days per year with fog (visibility 19.6 km [6 mi]) is 48, whilethose with dense
fog (visibility 0.4 km [0.25 mi]), is25. The greatest number of days with fog was 84 daysin 1985-1986,
and the least was 22 in 1948-1949. The greatest number of days with dense fog was42 daysin 1950-
1951, and the least was 9 daysin 1948-1949. The greatest persistence of fog was 114 hr (December
1985), and the greatest persistence of dense fog was47 hr (December 1957).

Table4.1-4. Number of Days with Fog by Season, Hanford Site, Washington

Category  Winter Spring  Summer  Autumn  Total

Fog 32 3 11 12 48
Densefog 17 1 <1 7 25

Other phenomena causing restrictions to visibility (i.e., visibility < 9.6 km [6 mi]) include dust,
blowing dust, and smoke from field burning. There are few such days; an average of 5 days per year have
dust or blowing dust, and less than 1 day per year, on average, has reduced visibility from smoke.

415 SevereWeather

Concerns about severe weather usually center on hurricanes, tornadoes, and thunderstorms.
Fortunately, Washington does not experience hurricanes. In addition, tornadoes are infrequent and
generally small in the northwestern portion of the United States. The National Climatic Data Center
maintains a database that provides information on the incidence of tornados reported in each county in the
United States. (This database can be accessed viathe Internet at
http://www.ncdc.noaa.gov/ol/climate/severeweather/extremes html).

This database reports that in the ten counties closest to the Hanford Site (Benton, Franklin, Grant,
Adams, Yakima, Klickitat, Kittitas, and Walla Walla countiesin Washington and Umatillaand Morrow
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countiesin Oregon), there have been only 18 tornadoes recorded from 1950 through March 2001. Of
these, 12 tornadoes had maximum wind speeds estimated to be in the range of 18 to 32 m/s (40to 72
mph), three had maximum wind speedsin the range of 33 to 50 m/s (73to 112 mph), and three had
maximum wind speeds in the range of 51 to 71 m/s (113 to 157 mph). There were no deathsor
substantial property damage (in excess of $50,000) associated with any of these tornadoes.

Ramsdell and Andrews (1986) report that for the 5" block centered at 117.5" west longitudeand 47.5"
north latitude (the areain which the Hanford Site islocated), the expected path length of atornadois7.6
km (5 mi), the expected width is 95 m (312 ft), and the expected areais about 1.5 km” (1 mi?). The
estimated probability of atornado striking a point on the Hanford Site, also from Ramsdell and Andrews
(1986), is 9.6 x 10°%yr. The probabilities of extreme winds associated with tornadoes striking a point can
be estimated using the distribution of tornado intensitiesfor the region. These probability estimates are
givenin Table4.1-5.

Table4.1-5. Estimate of the Probability of ExtremeWinds Associated with Tornadoes Striking a Point at
Hanford, Washington (based on information presented in Ramsdell and Andrews 1986)

Wind Speed Probability Per Year
(m/s)  (mph)

28 62 26X 10°

56 124 6.5x 107

83 186 16x 107

111 249 39x10®

The average occurrenceof thunderstormsin the vicinity of the HMSis 10 per year. They are most
frequent during the summer; however, they have occurred in every month. Thunderstorms can generate
high-speed windsand hail. Usingthe National Weather Servicecriteriafor classifying a thunderstormas
"savere” (i.e., hall with adiameter 219 nm [3/4 in.] or wind gusts of 225.9 nv/s [58 mph]), only 1.9% of
all thunderstorm events surveyed at the HM S have been " severe™ storms, and al met the criteriabased on
their wind gusts. High-speed winds a Hanford are more commonly associated with strong cold frontal
passages. In rare cases, intense low-pressure systemscan generate winds of near hurricaneforce.
Estimates of the extreme winds, based on pesk gusts, are given in Hoitink et al. (2003) and are shownin
Table4.1-6.

Table4.1-6. Estimatesof Extreme Winds at the Hanford Site, Washington

Peak Gudts
Return 15.2m (50ft) 61 m (200ft)

Period (yr)  above Ground above Ground
(m/s) (mph) (m/s) (mph)

2 27 60 30 67

10 32 71 36 80

100 38 85 43 96

1000 44 98 50 111




416 AtmosphericDispersion

Atmospheric dispersion (thetransport and diffusion of gases and particles within the atmosphere) isa
function of wind speed, duration and direction of wind, intensity of atmospheric turbulence, and mixing
depth. Atmosphericturbulenceis not directly measured at the Hanford Site; instead, the impact of
turbulence on atmospheric dispersion is characterized using atmosphericstability. Atmospheric stability
describes the thermal stratification or vertical temperature structureof the atmosphere. Generally, six or
seven different classesof atmospheric stability are used to describethe atmosphere. These classesrange
from extremely unstable (when atmospheric turbulenceis greatest) to extremely stable (when atmospheric
mixing isat a minimumand wind speeds are low). When the atmosphere is unstable, pollutants can
rapidly diffuse through alarge volumeof the atmosphere. When the atmosphereis stable, pollutants will
diffuse much more slowly in a vertical direction. Horizontal dispersion may be limited during stable
conditions; however, plumes may also fan out horizontally during stable conditions, particularly when the
wind speed islow. Most mgor pollutant incidents are associated with stable conditions when inversions
can trap pollutants near the ground.

Favorabledispersion conditionsare most common in the summer when neutral and unstable
stratification exists, about 56% of thetime (Stoneet al. 1983). Lessfavorabledispersion conditionsare
most common during the winter when moderately to extremely stabl e stratification exists, about 66% of
thetime (Stoneet al. 1983). Lessfavorableconditionsalso occur periodically for surfaceand low-level
releasesin all seasonsfrom about sunset to about an hour after sunrise asaresult of ground-based
temperatureinversions and shallow mixing layers. Occasionally, there are extended periods of poor
dispersion conditions associated with stagnant air in stationary high-pressure systems. These instances
tend to occur during the winter months (Stone et al. 1983).

Stoneet al. (1972) estimated the probability of extended periodsof poor dispersion conditions. The
probability of an inversion once established persisting more than 12 hr variesfrom alow of about 10% in
May and Juneto a high of about 64% in September and October. These probabilitiesdecrease rapidly for
durationsof >12 hr. Table4.1-7 summarizesthe probabilities associated with extended surface-based
inversions.

Table4.1-7. Percent Probabilitiesfor Extended Periods of Surface-Based Inversions, Hanford Site,
Washington (based on datafrom Stone et al. 1972)

I nversion Duration
Months 12-hr 24-hr 48-hr
January-February 54.0 25 0.28
March-April 50.0 <0.1 <0.1
May-June 10.0 <0.1 <0.1
July-August 18.0 <01 <01
September-October 64.0 0.11 <0.1
November-December 50.0 12 0.13

Many simple dispersion modelsuse the joint frequency distribution of atmospheric stability, wind
speed, and wind direction to computediffusion factorsfor both chronic and acute releases. Tables4.1-8
through 4.1-15 present joint frequency distributions of atmospheric stability, wind speed, and transport
direction for the 100-N, 200, 300, and 400 Areas at two different release heights (9.1 mand 60 m[30 ft
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and 197 ft]). For each station, thejoint frequency distributionswere determined using local wind data
measured at 9.1 m (30 ft) or 60 m (197 ft) above ground level, and atmospheric stability measurements
made a the HMS.

Tables4.1-16 through 4.1-23 present the annual sector-average atmospheric dispersion coefficient
(X/Q’) where X isthe air concentration(Ci/m®) and Q’ isthe emission rate (Ci/sec). Tables4.1-24
through 4.1-31 present the 95% centerlineatmospheric dispersion estimates(E/Q’) for the four major
Hanford operating areas (100, 200, 300, and 400 Areas). For each area, atmosphericdiffusionfactorsare
presented for both a ground-level release and areleaseat 60 m (197 ft). These dispersionfactorsare
presented as afunction of direction and distancefrom the release point and are based on meteorol ogical
datacollected during the years 1983 through 2002.

417 Nonradiological Air Quality

The Clean Air Act (CAA) isthe basisfor federa regulation of air quality in the United States (42
USC 7401). The CAA wasfirst passed in 1967 and had comprehensiveamendmentsin 1970, 1977, and
1990. Section 108 of the CAA callsfor the U.S. Environmental Protection Agency (EPA) to promulgate
alist of air pollutantsthat are emitted by numerous or diverse sourcesand whose presencein the
atmosphere may reasonably be anticipated to endanger public health or welfare. In responseto this
mandate, EPA has issued regulationsin 40 CFR 50 setting national ambient air quality standards. These
standards are not directly enforceable, but other enforceableregulationsare based on these standards.
The states have primary responsibility for ensuring that air quality within the state meets the national
ambient air quality standardsthrough stateimplementation plans (SIPs) that are approved by EPA. Areas
that meet ambient air quality standards are said to be in attainment.” Areasthat do not meet one or more
ambient air standardsare designated as "' nonattainment areas.”” The CAA also establishesa permitting
program for construction or modification of large sourcesdf air pollutantsin both attainment and
nonattainment areas and an operating permit program.

Section 176 of the CAA states that federal agenciesare not to engage in, support in any way, provide
financial assistancefor, license, permit, or approve any activity that does not conformto an applicable
SIP. The DOE has guidance (DOE 2000a) on how to apply the CAA conformity requirementsand
associated EPA regulationsin a NEPA document and how to coordinatethe CAA and NEPA public
participation requirements.

Ambient air quality standards definelevelsof air quality that are necessary, with an adequate margin
of safety, to protect the public health (primary standards) and the public welfare (secondary standards).
"Ambient air" isthat portion of the atmosphere, external to buildings, to which the genera public has
access (40 CFR 50.1). EPA hasissued ambient air standards for sulfur oxides (measured as sulfur
dioxide), nitrogen dioxide, carbon monoxide, particul ates with an aerodynamicdiameter |less than or
equal toanomina 10 um (PM,o) and 2.5 um (PM, 5), lead, and ozone. The standardsspecify the
maximum pol lutant concentrationsand frequencies of occurrence that are allowed for specific averaging
periods. The averaging periodsvary from 1 hour to 1 year, depending on the pollutant.

State and local governments have the authority to impose standards for ambient air quality that are
stricter than the national standards. Washington State has established more stringent standardsfor sulfur
dioxide. In addition, Washington has established standardsfor total suspended particulates (WAC 173-
470) and fluorides (WAC 173-481) that are not covered by national standards. The state standardsfor
carbon monoxide, nitrogen dioxide, PM,,, and lead areidentical to the nationa standards. Table 4.1-32
summarizesthe relevant air quality standards(federal and supplemental state standards).



Table4.1-8. Joint Frequency Distributions of Atmospheric Stability, Wind Speed, and Transport
Direction for the 100 Areaat 9.1 m (30 ft) above Ground Level, Hanford Site, Washington.
Based on 1983-2002 data from the 100-N instrumented tower.

AverageAtmospheric
Wind  Stability
Speed Class

Per centageof Time Wind Blowsin the 100N Area toward the Direction | ndicated

m/s _ |[O0A9.I m

S SSW_SW_ WSW W WNW

NW_NNW N

NNE NE ENE

E

ESE SE SSE

0.89 A

0.09
0.07
0.10
047
0.77
0.35
0.30

0.07
0.05
0.08
0.40
0.68
0.36
0.26

0.05
0.04
0.07
0.44
0.79
0.46
0.29

0.05
0.03
0.05
0.50
0.95
0.53
031

0.07
0.04
0.05
0.76
131
0.63
0.37

0.06
0.03
0.05
0.87
131
052
0.30

0.05
0.03
0.05
0.70
107
041
0.23

0.03
0.03
0.04
047
0.82
0.28
0.16

0.03
0.02
0.04
0.44
0.76
0.24
0.15

0.04
0.02
0.04
0.41
0.71
0.25
0.17

0.06
0.04
0.06
0.48
0.82
0.37
027

0.09
0.05
0.06
055
1.00
0.48
041

012
0.08
011
0.62
122
0.56
0.59

0.12
0.10
0.12
0.64
120
0.56
0.63

0.14
0.09
0.14
0.68
105
0.53
0.54

0.1y
0.08
0.12
0.57|
0.87|
0.42
0.36

2.65

0.25
0.16
0.14
0.34
0.46
0.08
0.04

0.23
0.17
0.15
0.41
0.52
0.10
0.04

0.15
0.12
0.13
0.35
0.62
0.18
0.08

0.07
0.06
0.05
0.30
097
042
0.13

0.12
0.07
0.08
0.50
122
0.56
0.20

0.12
0.07
0.12
0.62
1.10
0.40
0.22

0.10
0.07
0.10
0.54
0.99
0.27
0.16

0.07
0.04
0.05
0.30
0.56
0.17
0.06

0.06
0.03
0.04
0.19
042
0.12
0.04

0.08
0.04
0.04
0.19
0.45
0.14
0.05

0.20
0.10
0.09
0.36
091
0.30
0.17

0.30
0.15
0.13
0.65
1.93
0.68
0.44

037
0.18
0.15
0.70
2.15
0.70
0.61

033
0.17
0.12
0.54
1.33
0.39
0.33

0.30
0.18
0.14
041
0.79
0.20
0.13

0.27
0.16
0.13
0.35
0.50
0.10
0.05

4.70

0.05
0.02
0.02
0.17
0.17
0.02
0.00

0.15
0.05
0.06
0.23
0.30
0.02
0.00

0.13
0.05
0.04
0.12
0.20
0.02
0.00

0.02
0.01
0.01
0.04
0.11
0.03
0.01

0.03
0.02
0.01
0.05
0.11
0.02
0.00

0.03
0.02
0.02
0.12
0.15
0.02
0.00

0.04
0.03
0.04
0.21
0.40
0.08
0.02

0.02
0.01
0.02
0.10
0.23
0.06
0.01

0.02
0.01
0.02
0.06
0.17
0.03
0.01

0.05
0.02
0.02
0.08
0.25
0.03
0.00

0.17
0.07
0.07
0.20
0.54
0.06
0.02

0.21
0.07
0.06
0.29
1.11
0.27
0.07

0.28
0.09
0.06
043
1.95
0.38
0.04

0.26
0.08
0.07
0.38
1.34
0.17
0.01

0.09
0.03
0.03
0.18
0.33
0.03
0.00

0.04
0.01
0.02
0.15
0.14
0.02
0.00

7.15

0.02
0.01
0.01
0.09
0.06
0.01
0.00

0.05
0.02
0.02
0.13
0.16
0.00
0.00

0.04
0.01
0.01
0.06
0.11
0.00
0.00

0.01
0.00
0.00
0.01
0.03
0.00
0.00

0.00
0.00
0.00
0.00
0.01
0.00
0.00

0.01
0.00
0.00
0.01
0.01
0.00
0.00

0.01
0.01
0.01
0.04
0.07
0.00
0.00

0.01
0.01
0.01
0.04
0.07
0.00
0.00

0.00
0.00
0.00
0.03
0.08
0.00
0.00

0.02
0.01
0.01
0.06
0.15
0.01
0.00

0.11
0.05
0.04
0.18
0.37
0.01
0.00

0.08
0.03
0.02
0.11
031
0.02
0.00

0.11
0.05
0.05
0.23
0.78
0.04
0.00

0.17
0.08
0.08
0.49
1.22
0.02
0.00

0.06
0.02
0.03
0.29
0.30
0.01
0.00

0.01
0.00]
0.00]
0.05
0.06
0.01
0.00

9.80

0.00
0.00
0.00
0.02
0.02
0.00
0.00

0.01
0.00
0.00
0.04
0.05
0.00
0.00

0.01
0.00
0.01
0.03
0.03
0.00
0.00

0.00
0.00
0.00
0.01
0.01
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.01
0.00
0.00

0.00
0.00
0.00
0.01
0.02
0.00
0.00

0.00
0.00
0.00
0.04
0.09
0.01
0.00

0.04
0.02
0.02
0.08
0.17
0.00
0.00

0.02
0.01
0.01
0.05
0.08
0.00
0.00

0.02
0.01
0.01
0.07
0.11
0.00
0.00

0.04
0.03
0.04
0.27
0.36
0.00
0.00

0.02
0.01
0.02
0.22
0.17
0.00
0.00

0.00
0.00
0.00
0.00
0.01
0.00
0.00

12.70

0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.01
0.01
0.00
0.00

0.00
0.00
0.00
0.01
0.02
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.01
0.00
0.00

0.00
0.00
0.00
0.03
0.03
0.00
0.00

0.01
0.00
0.00
0.03
0.04
0.00
0.00

0.00
0.00
0.00
0.02
0.02
0.00
0.00

0.01
0.00
0.00
0.02
0.02
0.00
0.00

0.01
0.00
0.01
0.08
0.06
0.00
0.00

0.00
0.00
0.01
0.06
0.04
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00

15.60

0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.01
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00]
0.00]
0.00]

19.00
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0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00]
0.00
0.00
0.00
0.00,

4.17



Table4.1-9. Joint Frequency Distributions of Atmospheric Stability, Wind Speed, and Transport

Direction for the 100 Areaat 60 m (197 ft) above Ground Level, Hanford Site,
Washington. Based on 1986-2002 datafrom the 100-N instrumented tower.

Average Atmospheric

Wind
Speed
n/s

Stabilitv
Class Per centageof TimeWind Blowsin the 100N Area toward the Dir ection | ndicated
100A 60 m S SSW SW WSW W WNW NW NNW N NNE NE ENE E ESE SE SSE

0.89

0.05 004 003 003 003 003 002 0.02 002 002 0.03 005 005 0.05 007 0.07
007 0.04 003 002 002 002 001 001 001 0.02 002 004 005 008 009 0.09
0.13 0.08 006 004 004 003 004 003 003 002 004 006 011 012 013 0.3
040 037 039 047 071 081 068 048 038 033 035 045 054 054 046 043
071 066 069 086 1.12 111 090 069 057 052 055 058 068 067 066 0.59
020 021 031 045 069 058 041 026 022 0.18 020 0.9 026 024 023 021
023 023 032 043 059 046 037 024 019 016 0.14 019 023 031 030 025

021 019 0.1 005 007 009 006 005 004 005 0.1 022 024 018 016 0.17
017 020 0.13 005 007 007 007 005 003 004 0.0 015 0.19 014 011 0.11
0.14 021 013 006 009 014 011 006 004 004 010 015 014 010 0.07 0.07
031 037 034 030 053 067 063 036 020 017 026 039 052 045 030 023
068 071 061 072 127 130 1.04 061 044 034 051 076 123 125 083 0.56
0.0 0.09 015 038 073 063 041 020 0.2 010 0.3 022 040 053 034 0.14
010 009 012 022 031 027 027 016 007 006 0.06 0.11 029 048 036 0.15

4.70

0.03 013 0.2 002 003 004 004 002 002 004 016 019 023 015 004 002
002 007 006 001 002 003 004 002 001 0.02 009 0.08 010 005 0.02 0.02
002 006 006 001 001 003 004 002 002 0.02 008 0.07 005 006 0.03 002
021 025 014 007 006 013 025 010 006 0.07 013 0.17 028 023 015 0.16
033 043 031 025 029 037 059 032 026 027 043 066 150 129 047 0.29
004 005 005 005 006 0.10 019 012 006 006 008 0.15 040 051 013 003
003 003 002 002 002 002 006 003 002 001 002 003 010 027 0.10 002

7.15

0.01 010 005 001 000 000 001 000 001 001 010 007 016 0.16 002 00l
001 003 001 001 000 000 001 000 000 001 005 003 006 006 001 0.00
0.0l 003 002 000 000 000 002 001 001 00! 005 003 005 006 002 0.00
014 016 006 001 001 00! 009 008 005 006 0.3 0.12 026 036 0.18 005
0.19 028 019 013 013 014 030 024 0.17 024 046 055 163 179 038 0.12
002 002 002 001 001 001 005 006 003 003 0.04 007 037 048 005 001
001 001 001 000 000 000 0.01 001 001 001l 000 0.01 004 009 0.01 000

9.80

0.00 002 002 000 000 000 000 000 000 001 006 003 005 0.08 001 0.00
000 001 001 000 000 000 000 000 000 0.01 002 001 002 004 0.01 000
001 001 001 000 000 000 000 000 000 000 002 001 003 005 0.01 000
0.07 0.08 005 001 000 000 001 002 002 005 013 0.09 0.16 039 023 001l
0.13 018 012 006 0.08 007 010 009 010 014 028 026 069 127 030 007
0.00 0.01 000 000 000 000 001 00! 001 001 001 001 005 009 001 0.00
000 000 000 000 000 000 000 000 000 000 000 000 001 001 000 0.00

12.70

000 000 000 000 000 000 0.00 000 000 000 003 0.01 001 002 001 0.00
0.00 000 000 000 000 000 000 000 000 000 00! 001 001 001 000 000
0.00 000 0.00 000 000 000 0.00 000 000 000 001 001 00! 003 001 0.00
002 003 003 001 000 000 0.00 000 001 005 007 0.05 007 0.19 0.16 0.00
005 0.10 0.08 002 002 002 003 004 004 010 017 0.11 022 044 0.5 0.03
000 0.00 000 000 000 000 000 000 000 001 000 001 000 000 000 000
000 0.00 000 0.00 000 000_ 0.00 000 000 0.00 000 0.00 0.00 0.00 0.00 0.00

15.60

000 000 000 000 0.00 000 000 000 000 000 001 0.00 000 0.0 000 0.00
0.00 0.00 000 000 000 000 0.00 000 000 0.00 000 000 000 000 000 0.00
0.00 000 000 000 000 000 000 0.00 000 000 0.00 0.00 0.00 001 000 0.00
0.00 0.00 000 0.00 000 000 0.00 000 000 003 003 002 0.02 0.05 003 0.00
001 002 002 000 0.00 000 000 000 001 004 005 003 004 008 004 o0.01
000 000 0.00 000 000 0.00 000 000 000 000 0.00 0.00 0.00 0.00 0.00 0.00
000 000 0.00 000 0.00 000 000 000 000 000 0.00 0.00 0.00 0.00 0.0 0.00

19.00

000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 0.00
000 0.00 000 000 000 000 000 000 000 000 000 0.00 000 000 0.00 0.00
0.00 000 000 000 000 000 000 000 000 000 000 0.00 000 000 0.00 0.00
000 000 000 000 000 000 000 000 000 0.01 000 0.00 000 000 0.01 0.00
0.00 000 000 000 000 000 0.00 000 000 0.03 001 0.00 001 003 00! 0.00
0.00 000 000 000 000 000 000 000 000 000 0.00 000 0.00 0.00 000 0.00
000 0.00 000 000 0.00 000 000 0.00 000 000 000 000 000 000 000 0.00
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Table4.1-10. Joint Frequency Distributionsof Atmospheric Stability, Wind Speed, and Transport
Direction for the 200 Areasat 9.1 m (30 ft) above Ground Level, Hanford Site,
Washington. Based on 1983-2002 data from the HM S instrumented tower.

Average
Wind
Speed

m/s

Atmospheric
Stability Class

Per centageof Time Wind Blowsin the 200 Areastoward the Direction I ndicated

HMS9.1m

S SSW_SW_WSW W _WNW

NW_NNW N

NNE NE ENE

E

ESE _SE

SSE

0.89

A

0.32
0.15
0.13
0.76
037
0.24
0.10

0.36
0.14
0.13
0.65
0.28
0.16
0.08

0.39
0.16
0.13
0.62
0.26
0.15
0.10

029
011
0.09
0.49
0.24
0.14
0.08

0.29
0.10
0.08
0.52
0.28
0.16
0.08

027
0.10
0.08
0.55
0.33
019
0.07

021
0.09
0.08
057
0.44
0.25
0.10

0.16
0.05
0.06
0.40
0.38
0.24
0.09

0.14
0.06
0.04
0.34
0.34
0.26
0.10

0.12
0.05
0.04
0.29
0.33
0.29
0.10

01
0.05
0.05
0.32
0.45
0.34
0.12

0.10
0.04
0.04
0.35
0.48
0.34
0.10

011
0.06
0.05
0.44
0.54
0.40
0.12

0.13
0.07
0.06
0.52
0.59
0.42
0.14

0.19
0.10
0.08
0.69
0.58
0.39
0.15

0.25
0.12
0.12
0.73
0.50
0.30
0.13

2.65

0.75
0.24
0.18
0.58
0.28
0.14
0.04

053
0.16
0.11
0.39
0.15
0.07
0.03

0.42
0.11
0.08
0.27
0.12
0.05
0.02

037
0.10
0.07
0.24
0.12
0.06
0.03

0.44
0.10
0.07
0.30
021
0.08
0.03

0.46
0.12
0.08
031
0.27
0.12
0.03

042
0.10
0.08
038
033
0.27
0.11

0.28
0.07
0.05
0.28
0.39
035
0.17

0.23
0.07
0.04
021
032
033
0.18

0.25
0.06
0.05
0.21
0.30
041
0.20

033
0.08
0.05
0.28
0.55
0.71
0.31

0.25
0.07
0.05
0.38
1.01
1.33
0.63

0.21
0.08
0.05
0.55
1.78
1.79
0.64

0.31
0.15
0.09
1.02
2.11
1.89
0.71

0.71
0.31
0.23
1.60
1.69
1.54
0.64

0.83
032
0.25
1.02
071
0.56
0.17

4.70

0.22
0.04
0.03
0.13
0.06
0.01
0.00

024
0.04
0.02
0.12
0.05
0.01
0.00

0.14
0.03
0.01
0.06
0.04
0.01
0.00

0.05
0.01
0.01
0.03
0.02
0.01
0.00

0.06
0.01
0.01
0.04
0.02
0.01
0.00

0.04
0.01
0.00
0.03
0.02
0.01
0.00

0.03
0.01
0.01
0.05
0.05
0.03
0.02

0.05
0.01
0.01
0.09
0.10
0.09
0.03

0.06
0.01
0.02
0.11
0.12
0.04
0.01

0.15
0.04
0.03
0.19
0.16
0.03
0.02

033
0.07
0.05
0.34
038
0.10
0.05

0.42
0.11
0.07
0.50
0.72
035
0.21

0.24
0.08
0.06
0.60
1.10
033
0.09

0.31
0.11
0.08
1.23
2.00
0.55
0.18

0.75
0.23
0.18
1.46
1.70
0.68
0.30

033
0.08
0.07
031
0.21
0.09
0.02

0.03
0.01
0.01
0.02
0.01
0.00
0.00

0.06
0.01
0.01
0.04
0.04
0.00
0.00

0.04
0.01
0.01
0.03
0.02
0.00
0.00

0.01
0.00
0.00
0.01
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.01
0.00
0.00
0.00

0.01
0.00
0.00
0.03
0.03
0.01
0.00

0.02
0.01
0.01
0.08
0.08
0.00
0.00

0.06
0.03
0.02
0.19
0.14
0.00
0.00

©0.26

0.06
0.04
041
0.28
0.01
0.00

0.37
0.08
0.06
0.36
0.24
0.02
0.00

0.15
0.03
0.03
0.24
0.15
0.01
0.00

0.20
0.05
0.04
0.72
043
0.01
0.00

0.52
0.13
0.09
093
0.81
0.01
0.00

0.11
0.02
0.01
0.08
0.04
0.00
0.00

9.80

0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.01
0.01
0.00
0.01
0.01
0.00
0.00

0.01
0.00
0.00
0.01
0.01
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.01
0.00
0.00

0.00
0.00
0.00
0.02
0.01
0.00
0.00

0.02
0.00
0.01
0.10
0.05
0.00
0.00

0.11
0.04
0.02
0.19
0.07
0.00
0.00

0.14
0.03
0.01
0.10
0.04
0.00
0.00

0.04
0.01
0.01
0.03
0.01
0.00
0.00

0.04
0.01
0.01
0.12
0.05
0.00
0.00

0.18
0.05
0.03
0.27
0.15
0.00
0.00

0.01
0.00
0.00
0.01
0.00
0.00
0.00

12.70

0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.03
0.02
0.00
0.00

0.02
0.01
0.01
0.04
0.01
0.00
0.00

0.02
0.01
0.00
0.03
0.01
0.00
0.00

0.00
0.00
0.00
0.01
0.00
0.00
0.00

0.00
0.00
0.00
0.01
0.00
0.00
0.00

0.01
0.00
0.00
0.01
0.01
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00

15.60

0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00

19.00
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0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00]
0.00
0.00

4.19



Table4.1-11. Joint Frequency Distributionsof Atmospheric Stability, Wind Speed, and Transport

Directionfor the 200 Areasat 60 m (197 ft) above Ground Level, Hanford Site,

Washington. Based on 1983-2002 data from the HM S instrumented tower.

AverageAtmospheric

Wind
Speed
m/s

Stability
Class

Per centage of Time Wind Blowsin the 200 Areastoward the Dir ection | ndicated

HMS 60 m

S SSW_SW_ WSW W WNW

NW__ NNW

N

NNE NE ENE

E

ESE

SE SSE

0.89

A

011
0.08
0.08
049
0.25
0.18
0.06

0.15
0.08
0.07
0.46
0.20
0.13
0.04

0.16
0.08
0.09
042
0.18
0.11
0.05

0.12
0.07
0.07
0.38
0.17
0.11
0.05

0.13
0.07
0.05
0.40
0.21

0.13
0.06

0.13
0.06
0.06
0.39
0.24
0.13
0.06

0.08
0.06
0.06
0.46
0.31
0.18
0.08

0.07
0.04
0.04
0.33
023
0.15
0.07

0.05
0.02
0.02
0.22
0.16
0.12
0.08

0.04
0.03
0.02
0.20
0.15
0.12
0.07

0.05
0.02
0.02
0.20
0.16
0.13
0.07

0.04
0.02
0.02
0.19
0.16
0.12
0.08

0.05
0.03
0.03
0.24
0.21
0.16
0.08

0.04
0.03
0.03
030
0.23
0.18
0.10

0.06
0.05
0.04
0.39
027
0.21

0.11

0.09
0.07,
0.07
0.48
0.28
0.20,
0.09

2.65

0.67
022
0.19
0.68
0.34
0.28
0.08

0.62
0.19
0.13
0.50
0.23
0.13
0.05

0.54
0.15
0.11
0.36
0.18
0.12
0.04

0.49
0.12
0.08
031
0.16
0.08
0.03

0.58
0.14
0.08
0.36
023
0.12
0.05

045
0.12
0.08
0.31
0.23
0.12
0.03

0.51
0.12
0.10
0.44
0.34
0.24
0.07

042
0.10
0.07
0.32
033
0.25
0.12

0.26
0.08
0.05
0.20
0.18
0.19
0.09

0.24
0.07
0.05
0.20
0.18
0.18
0.10

0.24
0.07
0.06
0.22
0.25
0.23
0.14

0.19
0.06
0.04
024
0.34
0.33
0.19

0.16
0.07
0.04
0.34
0.52
0.55
0.32

022
0.11
0.07
0.58
0.78
0.79
037

0.52
0.24
0.19
1.19
0.90
0.83
0.30

0.74
0.28
0.25
1.01
0.61
0.59
0.20

4.70

0.35
0.08
0.05
0.18
0.19
0.12
0.03

033
0.07
0.04
0.14
0.10
0.06
0.01

0.21
0.03
0.03
0.08
0.10
0.03
0.00

0.10
0.02
0.01
0.06
0.07
0.02
0.00

0.12
0.03
0.01
0.09
0.11
0.04
0.01

0.08
0.02
0.01
0.07
0.09
0.03
0.00

0.10
0.02
0.02
0.11
0.13
0.08
0.02

0.09
0.03
0.01
0.13
0.20
0.20
0.04

0.10
0.03
0.02
0.10
0.12
0.08
0.03

0.19
0.04
0.03
0.15
0.14
0.06
0.03

032
0.08
0.05
0.24
0.27
0.16
0.06

0.32
0.09
0.06
0.30
054
0.38
0.15

0.16
0.06
0.04
0.32
0.98
0.81
0.34

0.25
0.11
0.08
0.83
1.76
137
0.46

0.76
0.29
0.21
147
1.52
1.39
0.59

0.48
0.13
0.11
0.42
0.42
0.46
0.23]

0.06
0.01
0.01
0.06
0.06
0.04
0.00

0.13
0.02
0.01
0.08
0.05
0.02
0.00

0.08
0.01
0.01
0.04
0.04
0.02
0.00

0.02
0.01
0.00
0.02
0.02
0.01
0.00

0.01
0.00
0.00
0.01
0.02
0.01
0.00

0.01
0.00
0.00
0.01
0.01
0.00
0.00

0.01
0.00
0.00
0.03
0.04
0.03
0.01

0.02
0.01
0.01
0.08
0.10
0.08
0.03

0.03
0.01
0.01
0.09
0.10
0.03
0.01

0.11
0.03
0.02
0.16
0.14
0.03
0.00

0.31
0.05
0.04
0.34
0.33
0.06
0.01

0.40
0.09
0.06
0.44
0.66
0.24
0.05

0.14
0.04
0.03
0.40
0.90
0.39
0.08

0.21
0.08
0.05
0.98
2.18
0.92
0.18

0.56
0.14
0.11
1.17
1.69
1.26
0.59

0.12
0.03
0.01
0.12
0.14
0.14
0.09

9.80

0.01
0.00
0.00
0.02
0.01
0.00
0.00

0.02
0.01
0.00
0.03
0.04
0.00
0.00

0.03
0.00
0.00
0.02
0.03
0.00
0.00

0.01
0.00
0.00
0.01
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.01
0.00
0.00

0.00
0.00
0.00
0.03
0.03
0.01
0.00

0.01
0.00
0.00
0.05
0.06
0.01
0.00

0.04
0.01
0.01
0.13
0.12
0.00
0.00

0.18
0.05
0.03
0.31
0.27
0.02
0.00

0.23
0.05
0.04
0.27
0.29
0.03
0.00

0.06
0.01
0.01
0.15
0.19
0.04
0.00

0.12
0.03
0.03
0.64
0.75
0.08
0.03

0.37
0.08
0.06
0.73
0.95
0.18
0.08

0.03
0.01
0.00
0.03
0.03
0.01
0.00

12.70

0.00
0.00
0.00
0.01
0.00
0.00
0.00

0.00
0.01
0.00
0.01
0.01
0.00
0.00

0.01
0.00
0.00
0.01
0.01
0.00
0.00

0.00
0.00
0.00
0.01
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.01
0.01
0.00
0.00

0.00
0.00
0.00
0.03
0.03
0.00
0.00

0.02
0.01
0.01
0.13
0.08
0.00
0.00

0.11
0.04
0.02
0.26
0.13
0.00
0.00

0.11
0.03
0.02
0.13
0.08
0.01
0.00

0.02
0.01
0.00
0.04
0.03
0.00
0.00

0.03
0.01
0.01
0.29
0.17
0.00
0.00

0.19
0.05
0.04
0.52
0.31
0.00
0.00

0.01
0.00
0.00
0.01
0.00
0.00
0.00

15.60

0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.01
0.00
0.00
0.00

0.01
0.00
0.00
0.06
0.03
0.00
0.00

0.03
0.01
0.01
0.09
0.04
0.00
0.00

0.02
0.01
0.01
0.03
0.01
0.00
0.00

0.00
0.00
0.00
0.01
0.01
0.00
0.00

0.00
0.00
0.00
0.03
0.02
0.00
0.00

0.02
0.01
0.01
0.06
0.05
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00]
0.00

19.00
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0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.02
0.01
0.00
0.00

0.01
0.00
0.00
0.03
0.01
0.00
0.00

0.00
0.00
0.00
0.02
0.01
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00,
0.00
0.00
0.00
0.00
0.00
.00




Table4.1-12. Joint Frequency Distributions of Atmospheric Stability, Wind Speed, and Transport
Direction for the 300 Areaat 9.1 m (30ft) above Ground Level, Hanford Site,
Washington. Based on 1983-2002 data from the 300 Areainstrumented tower.

Average Atmospheric

Wind
Speed
m/s

Stability
Class
300A 9.1 m

Per centage of TimeWind Blowsin the 300 Areatoward the Direction I ndicated

S SSW_SW_WSW W _WNW

NW__ NNW

N

NNE NE ENE

E

ESE

SE

SSE

0.89

A

0.01
0.01
0.00
0.29
0.56
0.19
0.22

001
0.01
0.00
021
0.33
0.10
0.10

0.01
0.00
0.01
0.21
0.25
0.08
0.06

0.01
0.00
0.01

022
0.24
0.07
0.06

0.01
0.01

0.01

0.26
0.34
0.12
0.08

0.01
0.00
0.02
0.37
0.54
0.20
0.13

0.01
0.01
0.02
0.38
0.76
0.36
0.24

0.01
0.00
0.02
0.33
0.82
0.37
0.30

0.01
0.00
0.01
0.28
0.83
0.34
0.27

0.00
0.01

0.01

0.24
0.68
0.26
0.20

0.01
0.01
0.00
025
0.63
0.26
0.20

0.01
0.00
0.01
0.20
0.57
0.21
0.18

0.01
0.00
0.01
0.22
058
025
0.19

0.00
0.00
0.00
020
0.65
0.27
0.25

0.00
0.00
0.00
0.28
0.79
0.35
0.36

0.01
0.01
0.01
0.34
0.82
028
0.32

2.65

0.03
0.01
0.02
0.87
1.64
0.52
0.41

0.04
0.01
0.05
0.63
0.71
0.12
0.07

0.04
0.03
0.12
0.50
033
0.03
0.01

0.04
0.02
0.13
0.60
0.35
0.03
0.00

0.07
0.03
0.10
0.85
0.65
0.13
0.03

0.07
0.04
0.10
1.11
1.78
0.97
0.33

0.07
0.05
0.09
1.36
2.96
1.60
0.72

0.04
0.05
0.06
0.68
1.88
0.65
033

0.04
0.04
0.05
0.65
1.67
0.44
0.16

0.04
0.05
0.08
0.72
1.22
0.30
0.09

0.05
0.04
0.07
0.58
0.91
022
0.05

0.02
0.01
0.03
0.29
0.63
0.16
0.04

0.01
0.00
0.01
0.17
0.49
0.15
0.05

0.01
0.00
0.01
0.16
0.52
0.17
0.10

0.01
0.00
0.01
0.45
0.94
0.32
0.34

0.02
0.01
0.02
0.90
1.77
0.62
0.61

4.70

0.04
0.02
0.08
0.70
1.62
0.64
0.38

0.07
0.09
0.19
0.59
0.75
0.18
0.07

0.04
0.07
0.17
030
0.24
0.01
0.00

0.01
0.00
0.03
0.13
0.09
0.01
0.00

0.02
0.01
0.02
0.17
0.13
0.02
0.01

0.04
0.02
0.05
035
0.40
0.24
0.14

0.03
0.04
0.06
048
0.68
0.26
0.14

0.02
0.02
0.03
025
047
0.06
0.01

0.03
0.04
0.05
042
097
0.11
0.01

0.12
0.11
0.18
0.98
1.53
021
0.03

0.10
0.11
023
0.97
1.55
0.26
0.03

0.05
0.04
0.07
047
0.86
0.12
0.02

0.02
0.01
0.02
0.15
0.33
0.05
0.01

0.01
0.01
0.01
0.11
025
0.04
0.01

0.01
0.01
0.02
0.31
0.63
0.10
0.03

0.02
0.01
0.04
0.71
1.24]
0.31
0.23

7.15

0.02
0.02
0.04
0.18
024
0.04
0.03

0.04
0.05
0.06
0.14
0.15
0.02
0.01

0.01
0.01
0.01
0.04
0.06
0.01
0.00

0.00
0.00
0.00
0.01
0.03
0.01
0.00

0.00
0.00
0.00
0.00
0.01
0.00
0.00

0.00
0.00
0.00
0.01
0.01
0.00
0.00

0.00
0.00
0.01
0.03
0.07
0.01
0.00

0.00
0.00
0.00
0.03
0.07
0.00
0.00

0.01
0.01
0.02
0.10
022
0.01
0.00

0.07
0.08
0.11
049
0.68
0.05
0.00

0.13
0.13
0.17
0.72
1.18
0.07
0.01

0.08
0.0
0.11
042
0.57
0.03
0.00

0.01
0.02
0.02
0.15
0.20
0.00
0.00

0.01
0.01
0.01
0.08
0.10
0.01
0.00

0.01
0.02
0.02
0.26
051
0.03
0.00

0.02
0.00
0.02
0.34
0.49
0.03
0.01

9.80

0.00
0.00
0.01
0.02
0.02
0.00
0.00

0.01
0.00
0.01
0.03
0.04
0.00
0.00

0.00
0.00
0.00
0.01
0.02
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.01
0.00
0.00

0.00
0.00
0.00
0.00
0.02
0.00
0.00

0.00
0.00
0.00
0.01
0.05
0.00
0.00

0.02
0.02
0.02
0.11
0.22
0.01
0.00

0.04
0.04
0.04
0.25
0.50
0.01
0.00

0.04
0.04
0.05
0.16
0.17
0.00
0.00

0.01
0.01
0.02
0.09
0.07
0.00
0.00

0.00
0.00
0.01
0.02
0.02
0.00
0.00

0.01
0.01
0.01
0.14
0.16
0.00
0.00

0.01
0.00
0.00
0.08
0.07
0.00
0.00

12.70

0.00
0.00
0.00
0.01
0.00
0.00
0.00

0.00
0.00
0.00
0.01
0.01
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.01
0.00
0.00

0.00
0.00
0.00
0.03
0.08
0.00
0.00

0.01
0.01
0.01
0.11
025
0.00
0.00

0.01
0.01
0.01
0.03
0.05
0.00
0.00

0.00
0.01
0.01
0.02
0.02
0.00
0.00

0.00
0.00
0.00
0.01
0.00
0.00
0.00

0.00
0.00
0.00
0.03
0.02
0.00
0.00

0.00]
0.00]
0.00
0.01
0.01
0.00
0.00

15.60

0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.01
0.02
0.00
0.00

0.00
0.00
0.00
0.02
0.07
0.00
0.00

0.00
0.00
0.00
0.00
0.01
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00;
0.00
0.00
0.00
0.00
0.00

19.00
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0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.01
0.00
0.00

0.00
0.00
0.00
0.00
0.01
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00,
0.00
0.00,
0.00]
0.00
0.00
0.00

4.21



Table4.1-13. Joint Frequency Distributionsof Atmospheric Stability, Wind Speed, and Transport
Direction for the 300 Areaat 60 m (197 ft) above Ground Level, Hanford Site,
Washington. Based on 1986-2002 data from the 300 Areainstrumented tower.

Average

Wind  Atmospheric

Speed  Stability Class Per centage of Time Wind Blowsin the 300 Areatoward theDirection I ndicated
s 300A 60 m S SSW_SW WSWNW W WNW NW NNW N NNE NE ENE E ESE SE SSE

0.89 0.00 000 000 000 0.00 0.1 001 00! 000 0.00 000 000 0.00 000 0.00 0.00
0.00 000 000 000 000 000 000 000 000 000 000 000 000 000 0.00 0.00
000 001 00! 001 001 001 00! 001 000 001 001 000 0.00 000 0.00 0.00
0.26 022 021 022 028 037 037 030 025 0.9 016 0.16 0.16 018 0.24 0.30
043 033 025 023 029 040 047 051 051 040 036 030 032 035 039 044
0.19 012 0.12 010 012 017 024 021 022 0.18 014 012 012 0.12 014 0.16
0.15 012 013 0.0 0.2 0.17 020 019 0.8 0.13 0.14 0.11 0.12 0.15 0.18 0.18
0.01 001 001 002 003 003 004 002 002 002 001 001 000 000 000 0.01
001 000 002 001 002 003 003 003 003 004 002 001 000 000 000 0.01
0.01 004 012 011 011 010 008 005 005 006 006 003 001 00l 001 001
0.80 064 057 066 09 109 133 070 060 066 051 028 0.16 013 034 0.74
1.19 065 035 030 054 09 161 129 126 116 098 062 046 044 061 1.01
040 020 0.06 005 011 037 067 069 066 044 030 023 0.18 014 018 032
044 023 005 003 006 028 051 038 026 0.13 008 008 0.08 008 0.19 0.33
0.02 003 002 002 002 004 003 001 003 008 005 002 001 000 001 001
0.02 009 005 001l 001 002 005 002 004 010 010 003 001 000 001 000
005 022 017 004 002 006 008 003 005 018 020 006 0.02 001 0.02 0.02
071 068 043 0.18 015 035 059 030 041 104 097 042 013 012 028 0.64
144 064 022 012 0.16 049 106 062 101 175 156 084 041 033 065 132
054 016 002 002 004 023 064 031 032 030 036 025 014 009 0.15 041
0.56 024 001 000 001 008 026 015 009 005 006 006 0.04 002 0.04 020
0.01 005 002 000 000 000 000 o000 001 007 011 006 001 001 0.01 001
0.02 007 001 000 000 000 000 000 00! 007 013 008 002 001 0.01 0.0l
0.06 011 002 000 000 000 001 000 002 013 021 012 002 002 002 0.03
028 023 005 001 001 001 005 005 0.3 057 079 048 0.15 011 027 032
078 029 0.07 003 002 009 022 017 033 106 169 093 033 023 068 101
036 008 00! 002 001 005 011 004 003 011 030 021 0.06 005 0.12 036
030 009 000 000 000 002 005 00! 001 001 003 002 0.01 000 003 0.15
0.01 00! 000 000 000 000 000 000 000 003 003 006 0.01 000 0.02 0.0l
0.00 001 000 000 000 000 000 000 000 003 006 005 0.02 000 001 0.00
0.01 001 000 000 000 000 000 000 001 003 006 006 003 001 0.01 0.00
0.07 004 003 001 000 000 00! 00l 003 0.8 031 023 010 006 020 0.12
009 008 004 003 001 001 003 004 008 037 095 044 0.15 009 046 025
002 000 001 001 000 001 001 001 000 003 007 005 0.01 00! 004 0.03
0.02 001 000 000 000 000 000 000 000 000 0.00 000 0.00 000 0.00 0.01
0.00 001 000 000 000 000 000 000 000 001 002 002 0.01 000 001 001
000 000 000 000 000 000 000 000 000 001 002 003 001 000 000 0.00
000 000 0.00 000 000 000 000 000 000 001 003 002 0.01 0.00 0.01 0.00
0.01 003 001 000 000 000 000 000 001 006 017 009 005 001 0.09 0.02
0.01 003 002 002 000 000 001 001 003 016 054 016 006 003 0.13 0.04
000 000 000 000 000 000 000 000 000 001 002 001 000 000 000 0.00
0.00 0.00 0.00 0.00 0.00 0.00 000 000 000 000 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 000 000 0.00 000 000 000 000 000 001 000 000 000 0.00 0.00
0.00 0.00 000 000 000 000 000 000 000 000 000 000 0.00 000 0.00 0.00
0.00 000 000 000 0.00 000 000 000 000 000 000 000 0.00 000 0.00 0.00
0.00 001 000 000 000 000 000 000 000 002 007 002 001 000 001 0.00
0.00 001 001 000 000 000 000 000 000 005 021 003 001 000 0.01 0.00
0.00 000 000 000 000 000 000 000 000 000 000 000 000 000 0.00 0.00
0.00 000 000 000 000 000 000 000 000 000 000 000 0.00 0.00 0.00 0.00
0.00 0.00 000 000 000 000 000 000 000 000 000 000 000 000 0.00 0.00
0.00 000 000 000 0.00 000 000 000 000 000 000 000 000 000 0.00 0.00
0.00 000 000 000 000 000 000 000 000 000 000 000 000 000 0.00 0.00
0.00 0.00 000 000 000 000 000 000 000 000 003 001 001 000 0.00 0.00
0.00 000 001 000 000 000 000 000 000 0.02 013 002 000 000 0.00 0.00
0.00 000 000 000 0.00 000 000 000 000 000 000 000 0.00 000 0.00 0.00
000 000 000 0.00 000 000 000 000 000 0.00 000 0.00 000 000 0.00 0.00

2.65

4.70

7.15

9.80

12.70

15.60

19.00
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Table4.1-14. Joint Frequency Distributionsof Atmospheric Stability, Wind Speed, and Transport
Direction for the 400 Areaat 9.1 m (30 ft) above Ground Level, Hanford Site,
Washington. Based on 1983-2002 datafrom the 400 Areainstrumented tower.

Averag Atmospheri
eWind c Stability

Speed

Class
m/s 400A 9.1 m

Per centageof TimeWind Blowsin the400 Area toward theDirection I ndicated

S SSW_SW_WSW W WNW

NW_NNW_ N

NNE _NE ENE

E

ESE _SE

SSE

0.89

A

0.03
0.01
0.04
0.28
0.51
0.19
0.14

0.03
0.03
0.04
0.29
0.44
0.17
0.10

0.02 0.03
0.03 0.02
0.04 0.04
028 0.23

039 034
0.14  0.11

0.07__0.06

0.03
0.03
0.04
0.24
0.37
0.13
0.06

0.04
0.02
0.04
0.30
0.42
0.13
0.06

0.03
0.02
0.04
0.31

0.46
0.17
0.07

0.02
0.02
0.03
0.28
0.48
0.18
0.08

0.03
0.02
0.03
0.26
0.57
0.24
0.14

0.02
0.02
0.04
0.24
0.52
0.26
0.16

0.01
0.02
0.03

021

0.55
0.24
0.13

0.01
0.01
0.02
0.15
0.45
0.19
0.14

0.01
0.01
0.02
0.17
0.47
0.19
0.16

0.02
0.01

0.02
0.20
0.53

0.20
0.14

0.02
0.02
0.02
0.27
0.60
0.23
0.16

0.02
0.01
0.04
0.30
0.56]
0.21
0.13

0.10
0.11
0.14
0.69
1.00
0.50
0.30

0.15
0.12
0.15
0.57
0.91
0.43
0.36

0.14 0.11
0.10 0.09
0.11 0.09
042 0.24
0.74 0.46
025 0.10
0.17 0.05

0.12
0.10
0.09
0.29
0.40
0.10
0.04

0.16
0.10
0.11
0.34
0.52
0.15
0.05

0.16
0.12
0.13
0.64
1.14
0.37
0.15

0.14
0.13
0.16
0.72
1.63
0.70
0.36

0.20
0.17
0.16
0.67
1.62
0.81
0.56

0.15
0.13
0.12
0.49
1.31
0.72
0.65

0.07
0.05
0.08
0.29
0.82
0.43
0.29

0.05
0.04
0.03
0.18
0.58
0.23
0.13

0.04
0.03
0.05
0.21
0.65
0.23
0.14

0.05
0.03
0.04
0.36
0.90
0.31
0.26

0.05
0.04
0.08
0.70
1.49
0.57
0.55

0.06
0.07
0.09]
0.81
1.29
0.58
0.38

4.70

0.12
0.10
0.13
0.42
043
0.12
0.09

0.19
0.12
0.11
027
0.48
0.08
0.10

0.11 0.02
0.06 0.02
0.06 0.02
0.13 0.05
025 0.09
0.04 0.01
0.05  0.00

0.03
0.02
0.02
0.04
0.06
0.00
0.00

0.04
0.03
0.02
0.06
0.09
0.01
0.00

0.06
0.03
0.05
0.21
0.52
023
0.11

0.07
0.05
0.05
037
1.34
0.86
048

0.32
0.20
0.15
0.69
1.54
0.65
0.33

0.37
0.20
0.22
0.88
1.70
0.59
031

0.15
0.08
0.09
032
0.77
022
0.08

0.07
0.05
0.05
0.17
0.40
0.06
0.01

0.07
0.04
0.06
0.16
042
0.07
0.01

0.06
0.03
0.05
0.33
0.93
0.22
0.05

0.07
0.04
0.08
0.70
2.04
0.62
0.45

0.06
0.05
0.09
0.66
1.05
0.48
0.36

0.04
0.02
0.03
0.10
0.07
0.00
0.00

0.07
0.03
0.02
0.06
0.12
0.01
0.00

0.04 0.00
0.02 0.00
0.01 0.00
0.03 0.01
0.06 0.01
0.00 0.00
0.00 _ 0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.01
0.01
0.00
0.00

0.00
0.00
0.01
0.03
0.05
0.01
0.01

0.01
0.00
0.01
0.04
0.14
0.05
0.07

0.09
0.04
0.05
0.17
0.43
0.11
0.03

0.40
0.17
0.17
0.62
1.25
0.25
0.06

0.21
0.10
0.11
0.37
0.87
0.09
0.01

0.10
0.06
0.05
0.18
0.34
0.02
0.00

0.07
0.04
0.04
0.13
0.19
0.01
0.00

0.06
0.04
0.03
0.18
0.48
0.03
0.00

0.08
0.06
0.07
0.52
0.92
0.07
0.01

0.03
0.01
0.03
0.21
0.21
0.02
0.00

9.80

0.01
0.00
0.00
0.01
0.01
0.00
0.00

0.01
0.00
0.00
0.02
0.06
0.00
0.00

0.01 0.00
0.00 0.00
0.00 0.00
0.01 0.00
0.03 0.00
0.00 0.00
0.00 _ 0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.01
0.00
0.00

0.01
0.00
0.00
0.01
0.04
0.00
0.00

0.07
0.02
0.03
0.12
0.29
0.03
0.01

0.07
0.05
0.04
0.19
043
0.03
0.00

0.07
0.03
0.03
0.10
0.15
0.00
0.00

0.04
0.02
0.02
0.04
0.06
0.00
0.00

0.02
0.01
0.01
0.05
0.10
0.00
0.00

0.04
0.03
0.04
0.21
0.16
0.00
0.00

0.01
0.00
0.01
0.02
0.01
0.00]
0.00

12.70

0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.01
0.01
0.00
0.00

0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.01 0.00
0.00 0.00
0.00 _ 0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.01
0.00
0.00

0.01
0.01
0.00
0.03
0.09
0.00
0.00

0.02
0.01
0.01
0.09
0.19
0.00
0.00

0.03
0.01
0.01
0.02
0.04
0.00
0.00

0.01
0.00
0.00
0.01
0.01
0.00
0.00

0.00
0.00
0.00
0.01
0.02
0.00
0.00

0.02
0.01
0.01
0.03
0.02
0.00
0.00

0.00]
0.00
0.00]
0.00
0.00]
0.00
0.00

15.60

0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00__ 0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.03
0.00
0.00

0.00
0.00
0.00
0.02
0.06
0.00
0.00

0.00
0.00
0.00
0.01
0.01
0.00
0.00

0.00
0.00
0.00
0.01
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00]

19.00
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0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.01
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00]
0.00
0.00]
0.00
0.00]
0.00
0.00]




Table4.1-15. Joint Frequency Distributions of Atmospheric Stability, Wind Speed, and Transport
Direction for the 400 Areaat 60 m (197 ft) above Ground Level, Hanford Site,
Washington. Based on 1986-2002 data from the 400 Areainstrumented tower.

Averag Atmospheri

eWind cSability

Speed

m/s

Class
400A 60 m

Per centage of Time Wind Blowsin the400 Areatoward theDirection | ndicated

S SSW__SW_WSW

W WNW_ NW_NNW

N

NNE NE ENE

E

ESE _SE

SSE

0.89

A

0.01
0.02
0.03
021
0.34
0.14
0.09

0.01
0.01
0.04
0.21
0.32
0.11
0.07

0.01
0.02
0.03
0.22
0.29
0.09
0.05

0.01
0.01
0.02
0.18
0.26
0.10
0.06

0.01
0.02
0.03
0.23
031

0.10
0.07

0.01
0.01
0.03
0.26
032
0.12
0.08

0.01
0.02
0.03
027
041
0.15
0.09

0.01
0.01
0.03
0.23
0.41
0.17
0.11

0.01
0.01
0.02
020
0.40
0.18
0.12

0.01
0.01
0.03
0.15
0.34
0.15
0.11

0.01
0.01
0.02
0.16
034
0.13
0.12

0.01
0.01
0.02
0.12
0.28
0.13
0.11

0.01
0.00
0.01
0.12
0.32
0.12
0.11

0.01
0.01
0.02
0.14
0.31
0.10
0.08

0.01
0.01
0.03
0.19
035
0.11
0.08

0.01
0.01
0.02
0.20
0.34
0.13
0.09

2.65

0.03
0.08
0.12
0.58
0.76
0.34
0.24

0.06
0.09
0.15
0.49
0.74
0.28
0.20

0.07
0.11
0.11
038
0.62
0.15
0.14

0.06
0.09
0.10
0.24
0.42
0.08
0.07

0.07
0.09
0.10
0.28
0.40
0.09
0.03

0.07
0.09
0.12
0.35
0.51
0.11
0.04

0.07
0.10
0.12
0.53
0.78
0.24
0.15

0.06
0.11
0.15
0.62
1.10
045
0.30

0.08
0.15
0.16
053
1.13
0.57
0.35

0.05
0.10
0.12
0.40
0.87
0.40
035

0.02
0.04
0.07
0.23
0.61
0.28
0.35

0.01
0.03
0.04
0.17
047
0.26
0.20

0.01
0.03
0.04
0.16
0.57
0.24
0.16

0.02
0.03
0.04
0.25
0.73
0.21
0.14

0.02
0.02
0.06
0.53
0.93
0.29
0.24

0.02
0.05
0.09
0.60
091
0.31
0.25

4.70

0.07
0.12
0.15
0.46
0.67
0.25
0.20

0.16
0.13
0.13
0.31
0.63
0.20
0.13

0.10
0.07
0.08
0.19
0.44
0.09
0.08

0.02
0.03
0.03
0.08
0.15
0.04
0.02

0.03
0.03
0.02
0.06
0.11
0.03
0.00

0.03
0.03
0.03
0.07
0.15
0.03
0.00

0.06
0.05
0.05
0.27
0.60
0.21
0.10

0.06
0.07
0.07
0.35
1.03
0.46
0.28

0.23
021
0.17
061
1.35
0.61
0.32

0.20
0.18
0.20
0.74
1.38
0.60
0.36

0.07
0.07
0.08
027
0.85
0.38
0.34

0.03
0.03
0.05
0.13
043
0.13
0.09

0.03
0.03
0.05
0.12
045
0.15
0.07

0.03
0.04
0.04
0.21
0.75
027
0.10

0.03
0.04
0.06
0.63
1.43
0.42
0.35

0.02]
0.05
0.09
0.60
1.08
0.47
0.37

0.05
0.04
0.05
0.17
0.28
0.07
0.06

0.08
0.05
0.04
0.09
0.25
0.05
0.01

0.04
0.02
0.01
0.03
0.11
0.05
0.02

0.00
0.00
0.00
0.01
0.03
0.01
0.01

0.00
0.00
0.00
0.00
0.02
0.00
0.00

0.00
0.00
0.00
0.01
0.02
0.01
0.00

0.01
0.00
0.01
0.06
0.25
0.12
0.03

0.00
0.01
0.01
0.08
0.39
0.21
0.10

0.11
0.05
0.05
0.24
0.74
0.26
0.14

0.36
0.16
0.19
0.64
1.65
053
0.18

0.15
0.10
0.11
032
1.18
0.36
0.16

0.06
0.06
0.04
0.14
043
0.05
0.01

0.04
0.03
0.04
0.11
0.30
0.05
0.01

0.04
0.03
0.04
0.15
0.83
0.29
0.12

0.04
0.04
0.06
0.51
1.93
0.62
0.49

0.01
0.02]
0.05
0.34
0.72]
0.33
0.29)

9.80

0.00
0.00
0.00
0.03
0.07
0.01
0.00

0.03
0.01
0.01
0.03
0.11
0.00
0.00

0.01
0.01
0.01
0.01
0.07
0.01
0.01

0.00
0.00
0.00
0.00
0.02
0.00

0.00

0.00
0.00
0.00
0.00
0.02
0.00
0.00

0.00
0.00
0.00
0.00
0.02
0.00
0.00

0.00
0.00
0.00
0.00
0.06
0.01
0.00

0.00
0.00
0.00
0.01
0.08
0.01
0.00

0.02
0.01
0.01
0.03
0.21
0.04
0.01

0.09
0.04
0.05
0.20
0.80
0.16
0.03

0.09
0.06
0.06
0.23
0.85
0.13
0.02

0.07
0.03
0.03
0.12
0.29
0.02
0.00

0.04
0.03
0.03
0.07
0.15
0.01
0.00

0.03
0.02
0.02
0.09
0.52
0.16
0.07

0.04
0.04
0.05
0.38
1.24
0.28
0.17

0.01
0.00
0.01
0.07
0.20]
0.04
0.02]

12.70

0.00
0.00
0.00
0.00
0.02
0.00
0.00

0.00
0.00
0.00
0.02
0.06
0.01
0.00

0.01
0.00
0.00
0.01
0.03
0.00
0.00

0.00
0.00
0.00
0.00
0.01
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.01
0.00
0.00

0.00
0.00
0.00
0.00
0.03
0.00
0.00

0.00
0.00
0.00
0.00
0.03
0.00
0.00

0.00
0.00
0.00
0.00
0.05
0.00
0.00

0.01
0.01
0.01
0.05
028
0.04
0.00

0.03
0.02
0.02
0.13
0.50
0.04
0.00

0.04
0.02
0.02
0.07
0.17
0.00
0.00

0.02
0.01
0.01
0.03
0.07
0.00
0.00

0.01
0.01
0.00
0.04
0.13
0.01
0.00

0.03
0.02
0.03
0.20
033
0.01
0.00

0.00
0.00
0.00]
0.01
0.06
0.00]
0.00]

15.60

0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.01
0.00
0.00

0.00
0.00
0.00
0.00
0.01
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.01
0.00
0.00

0.00
0.00
0.00
0.00
0.01
0.00
0.00

0.00
0.00
0.00
0.02
0.12
0.01
0.00

0.01
0.01
0.00
0.04
0.22
0.01
0.00

0.02
0.00
0.00
0.02
0.06
0.00
0.00

0.00
0.00
0.00
0.01
0.01
0.00
0.00

0.00
0.00
0.00
0.01
0.01
0.00
0.00

0.01
0.01
0.01
0.03
0.04
0.00
0.00

0.00]
0.00
0.00
0.00
0.02]
0.00
0.00

19.00

OrTmoOaowr»OmcOoOw>»|OTmOU0@w> OO0 OT>»OTmOUNOE>»IOTDTUOE>»IOMmMTNOW

0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.01
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.01
0.06
0.00
0.00

0.00
0.00
0.00
0.03
0.11
0.00
0.00

0.00
0.00
0.00
0.01
0.01
0.00
0.00

0.00
0.00
0.00
0.01
0.01
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00]
0.00
0.00]




YA 4

Table4.1-16. X/Q’ Vaues (sec m™) for Chronic Ground-Level Releasesfrom 100-N Area Based on 1983 through 2002

Meteorological Information, Hanford Site, Washington

Distance Sector (Wind from 100-N toward Direction |ndicated) Distance
(km) S SSW SW Wsw W WNW  NW  NNW N NNE NE ENE E ESE SE SSE (im)
0. 20E-04 19E-04 2.1E-04 25E04 32E-04 30E-04 25E04 17E-04 15E04 15E04 23E-04 35E-04 44E-04 4.0E-04 31E-04 23E-04 01
0.2 54E-05 52E-05 59E-05 69E-05 B89E-05 83FE-05 69E-05 46E-05 4.1E-05 42E-05 64E-05 97E-05 12E-04 1.1E-04 86E-05 6.3E-05 02
0.3 26E-05 25E-05 28E-05 33E-05 43E-05 4.0E-05 33E-05 22E-05 20E-05 2.0E-05 3.1E-05 46E-05 59E-05 53E-05 4.1E-05 3.0E-05 03
0.4 1.5E-05 15E-05 1.7E-05 2.0BE-05 2.6E-05 24E-05 20BE-05 13E05 12E-05 12BE-05 1.8E-05 28E-05 35B-05 32E-05 25E-05 1.8E-05 0.4
0.5 1.0E-05 99E-06 1.1E05 13E-05 1.7E-05 16E-05 13E-05 90E-06 79E-06 8.1E-06 12E-05 19E-05 24E-05 2.1E-05 17BE-05 12E-05 0.5
0.6 75E-06 7.2E-06 82E-06 9.7E-06 13E-05 1.2E-05 96E-06 65E-06 S57E-06 59E-06 89E-06 14E-05 1.7E-05 15E-05 12E-05 8.7E-06 06
0.7 57E-06 55E-06 62E-06 74E-06 95E-06 89E-06 7.3E-06 S50E-06 43E-06 45E-06 68E-06 10E-05 13E-05 12E-05 9.E06 66E-06 0.7
0.3 45E-06 4.3E-06 49E-06 58E-06 76E-06 7.0E-06 58E-06 39E-06 34E-06 35E-06 53E-06 8.1E-06 10E-05 93E-06 7.2E-06 5.2E-06 08
0.9 37E-06 3.5E-06 4.0E-06 47E-06 6.1E-06 5.7E-06 47E-06 32E-06 28E-06 29E-06 4.3E-06 66E-06 S84E-06 7.5E-06 S59E-06 4.3E-06 09
1 3.1E-06 29E-06 33E-06 39E-06 5.1E-06 4.8E-06 3.9E-06 27E-06 23E-06 24E-06 3.6E-06 55E-06 7.0E-06 63E-06 49E-06 3.5E-06 1
2.1 7.1E-07 6.8E-07 7.8E-07 92E-07 12E-06 1.1E-06 92E-07 6.2E-07 54E-07 56E-07 85E-07 13E06 16E-06 |5E-06 1.1E-06 8.3E-07 24
4 32E-07 3.1E-07 3.6E-07 4.2E-07 55E-07 5.1E-07 4.2E-07 28E-07 25E-07 2.6E-07 39E-07 59E-07 7.5E-07 6.7E-07 S5.2E-07 3.8E-07 4
5.0 20E-07 19E-07 2.2E-07 26E-07 33E-07 3.E-07 25E-07 17E-07 15E-07 16E-07 23E-07 36E-07 46E-07 4.1E-07 32BE-07 23E-07 5.6
7.2 14E-07 13E-07 15E-07 18E-07 2.3E-07 2.1B-07 18E-07 12E-07 10E-07 1.1E-07 16E-07 25E-07 3.2E-07 28E-07 22E-07 16E-07 72
12.1 6.5E-08 6.2E-08 7.2E-08 8.6E-08 1.1E-07 1.0E-07 84E-08 5.7E-08 50E-08 S5.1E-08 7.8E-08 1.2E-07 1.5E-07 14E-Q07 1.1E-07 7.6E-08 2.1
24.1 25E-08 24E-08 2.8E-08 33E-08 43E-08 39E-08 32E-08 22E-08 19E-08 20E-08 3.0E-08 46E-08 59E-08 S52E-08 4.]E-08 2.9E-08 M1
403 13E-08 12E-08 14E-08 17E-08 2.1E-08 19E-08 16E-08 1.1E-08 94E-09 97E-09 15E-08 23E-08 29E-08 2.6E-08 20E-08 1.5E-08 43.3
56.3 80E-09 76E-09 89E-09 11E-08 14E-08 12E-08 1.0E-08 68E-09 60E-09 62E-09 95E-09 15E-08 19E-08 17E-08 1.3E-08 9.3E-09 55.3
724 57E-09 5.5E-09 64E-09 7.6E-09 9.7E-09 8.8E-09 7.2E-09 49E-09 43E-09 44E-09 68E-09 1.1E-08 14E-08 12E-08 9.3E-09 67E-09 1.4
Table4.1-17. X/Q’ Values (sec m™) for Chronic 60-m Stack Releasesfrom 100-N Area Based on 1986 through 2002
Meteorological Information, Hanford Site, Washington

Distance Sector (Wind from 100-N toward Direction Indicated) Dist.nce
{km) S Ssw SW WSW W WNW  NW  NNW N NNE NE ENE E ESE SE SSE (km)
0.1 23E-10 2.5E-10 1.7E-10 93E-11 I1.1E-10 12E-10 87E-11 7.2E-11 69E-11 83E-11 2.1E-10 3.1E-10 3.6E-10 3.0E-10 24E-10 24E-10 0.1
0.2 6.0E-08 6.6F-08 45FE-08 24E-08 27E-08 3.1E-08 23E-08 18E-08 17E-08 2.1E-08 53E-08 7.7E-08 9.0FE-08 7.7E-08 63E-08 62F-08 0.2
0.3 14E-07 15E07 1.1E-07 54E-08 62E08 69E-08 S53E-08 42E-08 37E-08 49E-08 12E-07 17E-07 20E-07 18E-07 15E07 15E-07 0.3
0.4 1.6E-07 16E-07 1.1E-07 56E-08 65E-08 7.2E-08 60E-08 45E-08 3.8E-08 49E-08 1.1E-07 16E-07 20E-07 18E-07 16E-07 15E-07 04
0.5 1.5E-07 15E-07 1.0E-07 56E-08 67E-08 7.5E-08 65E-08 47E-08 39E-08 46E-08 |0E-07 14E-07 18E-07 17E-07 15E-07 14E-07 05
0.6 14E-07 14E07 10E-07 6.1E-08 7.7E-08 8.7E-03 79E-08 54E-08 44E-08 48E-08 97E-08 13E-07 17E-07 17E-07 14E07 14E-07 0.6
0.7 1.4E-07 14E-07 1.1E-07 7.1E-08 9.5E-08 1.1E-07 9.9E-08 6.7E-08 5.3E-08 54E-08 9.7E-08 13E-07 17E-07 17E-07 14E-07 1.3E-07 0.7
0.8 1.5B-07 14E-07 1.1E-07 84E-08 12E-07 13E-07 12E-07 81E-08 63BE-08 6.2E-08 10E-07 14E-07 18E-07 18E-07 15E-07 14E-07 08
0.9 15607 15E-07 12E-07 98E-08 14E-07 16E-07 14E-07 9.6E-08 7.4E-08 7.0E-08 11E-07 14E-07 19E-07 19E-07 15E07 14E-07 09
1 1.5E-07 1.5E-07 13E07 1.1E07 16E-07 18E-07 16E-07 1.1E-07 84E-08 79E-08 1.1E-07 15E-07 20E-07 20E-07 16E-07 14E-07 1
24 1.5B-07 1.5E-07 14E-07 15E-07 22E07 24E-07 21E-07 14E-07 1.1E-07 99E-08 12E-07 15E-07 22E-07 23E-07 16E-07 13E-07 24
4 10E-07 1.0E-07 99E-08 12E-07 17E-07 17E-07 15E-07 10E-07 79E-08 7.1E-08 8.8E-08 1.1E07 16E-07 16E-07 1.1E-07 9.0E-08 4
5.6 74E-08 74E-08 7.4E-08 88E-08 13E-07 13E-07 1.1E-07 7.5E-08 S58E-08 53E-08 64E-08 7.8E-08 12E-07 1.2E-07 B84E-08 6.6E-08 5.6
7. 57E-08 57E-08 58E-08 7.0E-08 10E-07 10E-07 86E-08 58FE-08 45E08 4.1E08 S50FE-08 60E-08 90E08 94E-08 65E-08 5.1E-08 72
121 3.2E-08 3.2E-08 34E-08 4.2E-08 6.1E-08 6.0E-08 5.0E-08 34E-08 26E-08 23E-08 28E-08 34E-08 5.1E-08 5.5E-08 3.88-08 29E-08 121
241 1.4E-08 15E-08 16E-08 20E-08 29E-08 28E-08 23E-08 15E-08 12E-08 1.1E-08 13E-08 15E-08 23E-08 2.5E-08 1.8E-08 1.3E-08 24.1
403 79E-09 79E-09 88E-09 1.1E-08 1.7E-08 15E-08 13E-08 8.5E-09 65E-09 58E-09 68E-09 83E-09 13E-08 14E-08 99E-09 74E-09 403
563 53E-09 S.3E-09 6.0E-09 7.7E-09 I1.1E-08 10E-08 86E-09 S5.7E-09 44E-09 39E-09 45E-09 55E-09 85E-09 9.5E-09 6.7E-09 5.0E-09 56.3
724 39E-09 39E-09 44E-09 5.88-00 84E-09 7.8E-09 64E-09 42E-09 32E-00 29E-09 33E-09 41E09 63E09 7.1E-09 S50E-09 3.7E-09 2.4
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Table4.1-18. X/Q’ Values (sec m™) for Chronic Ground-Level Releases from 200 Areas Based on 1983 through 2002
Meteorological Information, Hanford Site, Washington

Distance Sector (Wind from 200 Areas toward Direction Indicated) Distance
(km) S SSW SW WSW w WNW  NW NNW N NNE NE ENE E ESE SE SSE (km)
0.1 1.5E-04 12E-04 I1.1E-04 92E-05 10E-04 1.1E-04 14E-04 13E-04 13E-04 13E-04 19E-04 25E-04 30E-04 37E-04 38E04 21E-04 01
0.2 41E-05 3.1E-05 30E-05 25E-05 28E-05 3.0E-05 39E-05 3.7E-05 35E-05 37E-05 5.E-05 7.0E-05 84E-05 1.0E-04 1.1E04 5.8E-05 0.2
0.3 19E-05 1.5E-05 14E-05 12E-05 13E-05 14E-05 19E-05 17E-05 1.7E-05 18E-05 2.5E-05 33E-05 4.0E-05 49E-05 S5.0E05 2.8E05 0.3
0.4 1.1IE-05 8.6E-06 82E-06 69E-06 7.7E-06 84E-06 [.IE-05 1.0E-05 99E-06 10E-05 15E05 20E05 24E05 29E05 3.0E-05 16E-05 0.4
0.5 75E-06 S57E-06 SAE-06 46E-06 5.1E-06 5.6E-06 7.4E-06 69E-06 6.6E-06 7.0E-06 9.8E-06 1.3E-05 1.6E-05 20E-05 20E05 1.1E-05 0.5
06 54E-06 4.1E-06 39E-06 3.3E-06 3.7E-06 4.0E-06 53E-06 S5.0E-06 4.8E-06 5.E-06 7.1E-06 97E-06 12E-05 14E-05 |5E-05 7.9E-06 0.6
0.7 4.1E-06 3.1E-06 29E-06 25E-06 28E-06 3.IE-06 4.0E-06 38E-06 3.7E-06 3.9E-06 54E-06 7.4E-06 89E-06 I1.IE-05 1.1E-05 6.0E-06 0.7
0.8 32E-06 24E-06 2.3E-06 20E-06 22E-06 24E-06 3.2E-06 3.0E-06 29E-06 3.0E-06 4.3E-06 58E-06 7.1E-06 86E-06 8.7E-06 4.7E-06 0.8
0.9 26E-06 20E-06 19E06 16E-06 I|.8E-06 20E-06 26E06 24E-06 23E-06 2.5E-06 3.5E-06 4.7E-06 57E-06 7.0E-06 7.1E-06 3.8E-06 0.9
1 22E-06 1.6E-06 16E-06 13E-06 I|5E-06 16E-06 2.1E-06 20E-06 19E-06 2.1E-06 29E-06 39E-06 4.8E-06 S58E-06 S59E-06 3.2E-06 1
24 49E-07 3.8E-07 3.6E-07 30E-07 34E-07 3.7E-07 50E-07 4.7E-07 45E-07 48E-07 67E-07 92E-07 1.1E-06 14E-06 14E-06 7.3E-07 2.4
4 22E-07 1.7E-07 16E-07 14E-07 15E-07 17E-07 23E-07 22E-07 21E-07 22B-07 3.1E-07 42E-07 5.1E-07 62E-07 63E-07 3.3E-07 4
56 1.3E-07 10E-07 9.7E-08 8.3E-08 93E-08 10E-07 14E-07 13E-07 13E-07 13E-07 19E-07 26E-07 3.1E-07 3.8E-07 3.8E-07 2.0E-07 5.6
7.2 93E-08 7.0E-08 67E-08 57E-08 64E-08 7.0E-08 9.5E-08 9.1E-08 8.8E-08 9.3E-08 13E-07 18E-07 22E-07 26E-07 26E-07 14E-07 72
12.1 44E-08 33E-08 3.1E-08 27E-08 3.0E-08 3.3E-08 4.5E-08 43E-08 42E-08 45E-08 6.3E-08 B8.6E-08 1.0E-07 13E-07 13E-07 6.6E-08 2.1
24.1 1.7E-08 12E-08 12E-08 10E-08 12E-08 13E-08 1.7E-08 1.7E-08 16E-08 1.7E-08 24E-08 33E-08 40E-08 4.9E-08 48E08 2.5E-08 4.1
40.3 8.2E-09 6.2E-09 59E-09 5.1E-09 57E-09 63E-09 86E-09 84E-09 8.1E-09 86E-09 12E-08 17E-08 20E-08 24E-08 24E-08 1.2E-08 403
56.3 52E-09 39E-09 3.8E-09 33E-00 37E-09 40E-09 55E-09 53E-00 S52E-09 55E-00 7.8E-09 1.1E-08 1.3E-08 15E-08 [5E-08 8.0E-09 56.3
724 3.7E-09 2.8E-09 27E-09 23E-09 26E-09 29E-09 39E-09 3.8E-09 3.7E-09 40E-09 S56E-09 7.JE-09 9.3E-09 [1.1E-08 1.1E-08 5.7E-09 2.4
Table4.1-19. X/Q’ Values (sec m™) for Chronic 60-m Stack Releasesfrom 200 Areas Based on 1983 through 2002

Meteorological Information, Hanford Site, Washington

Distance Sector (Wind from 200 Areas toward Direction Indicated) Distan:e
(km) S SSwW SW_ WSW w WNW  NW NNW N NNE NE ENE E ESE SE SSE  (km)

0.1 73E-10 7.8E-10 7.0E-10 55E-10 62E-10 53E-10 48E-10 4.1E-10 29E-10 3.IE-10 46E-10 44E-10 28E-10 3.6E-10 89E-10 8.0E-10 01
0.2 1.8E-07 19E-07 17E-07 1.3E-07 15E-07 13E-07 12E-07 99E-08 69E-08 7.6E-08 1.1E-07 1.0E-07 69E-08 88E-08 22E-07 19E-07 0.2
0.3 36E-07 3.8E-07 34E-07 27E-07 3.0E-07 26E07 24E-07 20E-07 14E-07 15E-07 2.1E-07 2.1E-07 14E-07 18E-07 44E-07 4.0E-07 0.3
0.4 32E-07 32E-07 29E-07 23E-07 25E-07 22E-07 2.1E-07 17E-07 12E07 13E07 18E-07 17E-07 12E-07 16E-07 3.8E-07 3.5E-07 0.4
0.5 2.5E-07 2.5E-07 23E-07 18E-07 19E-07 L17E-07 16E-07 1.3E-07 9.0E-08 I10E-07 13E-07 1.3E-07 1.0E-07 14E-07 3.1E07 28E-07 0.5
0.6 22E-07 2.1E-07 19E07 15E-07 16E07 14E-07 14E-07 1.IE-07 7.5E-08 85E-08 1.1E-07 I.IE-07 90E-08 13E-07 27E-07 24E-07 0.6
0.7 20E-07 18E-07 1.7E-07 13E-07 14E-07 1.3E-07 13E07 10E-07 69E-08 7.7E-08 9.8E-08 97E-08 8.7E-08 13E-07 26E07 22E07 0.7
0.8 19E-07 17E-07 15E-07 13E-07 13E-07 12E-07 13E-07 10E-07 67E-08 74E-08 9.3E-08 9.3E-08 90E-08 14E-07 26E-07 2.1E-07 0.8
0.9 1.8E-07 1.6E-07 15E-07 12E-07 13E-07 12E-07 13E07 10E-07 6.7E-08 74E-08 9.2E-08 93E-08 9.5E-08 1.5E-07 26E07 2.1E-07 0.9
| 1.8E-07 16E-07 14E-07 1.2E-07 1.2E-07 1.2E-07 13E-07 10E-07 68E-08 74E-08 93E-08 95E-08 1.0E-07 16E-07 27E-07 2.1E-07 1
24 1.2E-07 10E-07 9.1E-08 79E-08 8.8E-08 86E-08 1.1E-07 86E-08 S59E-08 6.E-08 7.8E-08 88E-08 1.1E-07 19E-07 25E-07 16E-07 24
4 8.0E-08 6.6E-08 57E-08 5.0E-08 S57E-08 56E-08 7.2E-08 S59E-08 4.0E-08 42E-08 S54E-08 6.3E-08 83E-08 14E-07 17E-07 1.1E-07 4
56 5.7E-08 46E-08 39E-08 3.5E-08 4.0E-08 4.0E-08 52E-08 43E-08 3.0E-08 3.1E-08 39E-08 47E-08 63E-08 10E-07 |3E-07 7.6E-08 56
7.2 43E-08 34E-08 29E-08 26E-08 3.0E-08 3.0E-08 4.0E-08 3.3E-08 23E-08 24E-08 30E-08 37E-08 S5S0E-08 82E-08 9.9E-08 5.8E-08 72
121 24E08 18E08 16E-08 14E-08 1.7E-08 16E-08 22E-08 19E-08 |3E-08 14E-08 17E-08 22E-08 3.0E-08 48E-08 57E-08 3.3E-08 12.1
24.1 1.0E-08 79E-09 69E-09 6.1E-09 73E-09 7.2E-09 9.8E-09 87E-09 62E-09 63E-09 80E-09 10E-08 14E-08 2.3E-08 2.6E-08 1.5E-08 4.1
40.3 55E-09 42E-09 36E-09 32E-09 39E09 3.8E-09 53E-09 48E-09 34E-09 35E-09 44E-09 56E-09 B8.0E-09 12E-08 [5E-08 82E-09 <03
56.3 37E-09 27E-09 24E-09 2.1E-09 26E-09 25E-09 3.5E-09 32E-09 23E-09 23E-09 3.0E-09 3.8E-09 54E-09 84E-09 98E-09 5.5E-00 6.3
72.4 2.7E-09 2.0E-09 18E-09 16E-09 19E-09 19E-09 26E-09 24E-09 17E-09 |.7E-09 2.2E-09 28E-09 4.1E-09 62E-09 72E-09 4.1E-09 724
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Table4.1-20. X/Q’ Values (sec m™) for Chronic Ground-Level Releases from 300 Area Based on 1983 through 2002
Meteorological Information, Hanford Site, Washington

Distance Sector (Wind from 300 Area toward Direction Indicated) Dis ince
(km) S SSW SW WSW W WNW NW NNW N NNE NE ENE E ESE SE SSE Jm)
01 2.6E-04 12E-04 73E-05 68E-05 |.0E-04 23E-04 3.6E-04 26E-04 24E-04 22E-04 2IE-04 1.6E-04 14E-04 15E-04 24E-04 3.1E-04 0.1
02 7.1E-05 3.3E-05 20E-05 19E-05 28E-05 6.2E-05 98E-05 73E-05 6.7E-05 6.1E-05 59E-05 43E-05 39E-05 43E-05 6.7E-05 8.5E-05 0.2
03 34E-05 1.6E-05 95E-06 89E-06 13E-05 3.0E-05 4.7E-05 3.5E-05 3.2E-05 29E-05 28E-05 2.1E-05 19E-05 2.1E-05 3.2E-05 4.1E-05 0.3
04 2.0E-05 94E-06 57E-06 53E-06 80E-06 18E-05 28E-05 2I1E-05 19E-05 17E-05 17E-05 12E-05 1.1E-05 1.2E-05 19E-05 24E-05 0.4
05 14E-05 64E-06 3.8E-06 3.6E-06 54E-06 1.2E-05 19E-05 14E-05 13E-05 1.2E-05 1.1E-05 8.3E-06 75E-06 84E-06 13E-05 1.6E-05 0.5
05 1.0E-05 4.6E-06 28E-06 2.6E-06 39E-06 8.7E-06 14E-05 1.0E-05 9.5E-06 8.5E-06 8.3E-06 6.0E-06 5.4E-06 6.1E-06 9.5E-06 1.2E-05 0.6
07 7.6E-06 3.5E-06 2.1E-06 20E-06 3.0E-06 6.7E-06 1.1E-05 79E-06 7.2E-06 6.5E-06 63E-06 46E-06 4.1E-06 4.6E-06 7.2E-06 9.1E-06 0.7
0.3 6.0E-06 2.8E-06 1.7E-06 1.6E-06 23E-06 53E-06 83E-06 62E-06 57E-06 S5.1E-06 5.0E-06 3.6E-06 3.3E-06 37E-06 5.7E-06 7.2E-06 0.8
0.9 49E-06 23E-06 14E-06 13E-06 19E-06 4.3E-06 6.8E-06 S5.1E-06 4.7E-06 4.2E-06 4.1E-06 3.0E-06 27E-06 3.0E-06 4.6E-06 59E-06 0.9
1 4.1E-06 19E-06 1.1E-06 10E-06 |6E-06 3.6E-06 56E-06 42E-06 39E-06 35E-06 34E-06 25E-06 22E-06 25E-06 39E-06 4.9E-06 1
2.} 9.6E-07 44E-07 26E-07 24E-07 3.7E-07 84E-07 13E-06 99E-07 9.1E-07 8.1E-07 7.9E-07 5.8E-07 52E-07 5.8E-07 9.1E-07 1.1E-06 2.4
4 44E-07 20E-07 12E-07 1.1E-07 1.7E-07 3.8E-07 6.1E-07 45E-07 42E-07 3.7E-07 36E-07 26E-07 24E-07 2.7E-07 4.2E-07 53E-07 4
5.3 2.7E-07 12E-07 7.1E-08 66E-08 1.0E-07 23E-07 3.7E-07 28E-07 25E-07 22E-07 22E-07 16E-07 15E-07 1.6E-07 25E-07 3.2E-07 56
7.2 1.8E-07 8.3E-08 49E-08 4.6E-08 7.0E-08 16E-07 26E-07 19E-07 1.8E-07 16E-07 15E-07 1.1E-07 1.0E-07 1.1E-07 1.8E-07 2.2E-07 72
121 8.8E-08 39E-08 23E-08 2.1E-08 33E-08 7.7E-08 1.2E-07 92E-08 84E-08 7.4E-08 7.2E-08 5.3E-08 4.8E-08 5.5E-08 B85E-08 1.1E-07 12.1
24.1 34E-08 1.5E-08 8.6E-09 8.0E-09 1.2E-08 29E-08 4.7E-08 3.5E-08 32E-08 28E-08 27E-08 2.0E-08 19E-08 21E-08 3.3E-08 4.1E-08 21
4.3 1.7E-08 7.4E-09 4.2E-09 39E-09 6.1E-09 1.5E-08 24E-08 18E-08 16E-08 1.4E-08 14E-08 1.0E-08 93E-09 1.1E-08 1.6E-08 20E-08 10.3
56.3 1.1E-08 4.7E-09 27E-09 25E-09 39E-09 9.3E-09 1.5E-08 1.1E-08 1.0E-08 89E-09 8.6E-09 64E-09 59E-09 6.7E-09 1.0E-08 1.3E-08 6.3
72.4 77E-09 3.3E-09 19E-09 1.8E-09 27E-09 66E-09 1.1E-08 8.1E-09 7.3E-09 6.3E-09 6.1E-09 4.6E-09 42E-09 4.8E-09 7.5E-09 93E-09 i2.4

Table4.1-21. X/Q’ Values (sec m™) for Chronic 60-m Stack Releases from 300 Area Based on 1986 through 2002
Meteorological Information, Hanford Site, Washington

Distance Sector (Wind from 300 Area toward Direction Indicated) Distance
(km) S SSW SwW WSW w WNW NW NNW N NNE NE ENE E ESE SE SSE :m)
0.1 1.7E-11 3.0E-11 L.7E-11 19E-11 25E-11 49E-11 5.2E-11 33E-11 24E-11 61E-11 5.6E-11 38E-11 85E-12 22E-12 [.0E-11 14E-11 0.1
0.2 44E-09 8.5E-09 50E-09 4.6E-09 62E-09 12E-08 13E-08 84E-09 67E-09 1.7E-08 1.6E-08 10E-08 23E-09 59E-10 26E-09 3.6E-09 0.2
0.3 1.1E-08 24E-08 1.6E-08 12E-08 15E-08 27E-08 3.0E-08 2.0E-08 17E-08 4.3E-08 43E-08 26E-08 63E-09 17E-09 6.0E-09 7.9E-09 03
0.4 1.4E-08 3.4E-08 27E-08 17E-08 20E-08 3.0E-08 34E-08 22E-08 2.1E-08 52E-08 55E-08 3.0E-08 80E-09 29E-09 7.2E-09 9.0E-09 0.4
0.5 2.0E-08 43E-08 36E-08 24E-08 27E-08 3.7E-08 4.1E-08 26E-08 26E-08 58E-08 63E-08 33E-08 1.1E-08 5.8E-09 1.1E-08 1.5E-08 0.5
0¢ 33E-08 5.4E-08 4.7E-08 33E-08 38E-08 5.0E-08 5.6E-08 3.6E-08 3.5E-08 68E-08 73E-08 39E-08 15E-08 1.1E-08 2.0E-08 2.8E-08 1.6
0.7 5.1E-08 6.7E-08 5.8E-08 4.5E-08 53E-08 6.8E-08 7.8E-08 50E-08 48E-08 83E-08 8.7E-08 4.8E-08 2.2E-08 1.9E-08 3.2E-08 4.7E-08 )7
0.8 7.1E-08 8.0E-08 69E-08 56E-08 6.7E-08 88E-08 1.0E-07 6.7E-08 6.3E-08 99E-08 1.0E-07 58E-08 3.0E-08 27E-08 4.6E-08 6.8E-08 .8
0.9 9.0E-08 9.3E-08 7.8E-08 6.6E-08 8.1E-08 1.1E-07 12E-07 8.3E-08 79E-08 1.2E-07 12E-07 68E-08 3.8E-08 3.5E-08 59E-08 8.8E-08 0.9
1 1.1E-07 1.0E-07 86E-08 74E-08 92E-08 12E-07 14E-07 98E-08 94E-08 13E-07 1.3E-07 78E-08 4.6E-08 43E-08 7.2E-08 1.1E-07 1
24 1.6E-07 12E-07 85E-08 7.6E-08 99E-08 14E-07 19E-07 14E-07 15E-07 17E-07 17E-07 1.1E-07 73E-08 7.1E-08 [1.1E-07 1.6E-07 24
4 1.2E-07 8.1IE-08 5.6E-08 5.1E-08 6.7E-08 1.0E-07 14E-07 1.1E-07 1.1E-07 1.2E-07 12E-07 78E-08 55E-08 5.3E-08 79E-08 1.2E-07 4
5.6 89E-08 59E-08 4.0E-08 36E-08 4.8E-08 7.3E-08 1.0E-07 8.1E-08 83E-08 9.1E-08 9.0E-08 5.8E-08 4.]1E-08 4.0E-08 59E-08 8.6E-08 56
7.2 7.0E-08 45E-08 3.1E-08 27E-08 3.6E-08 5.7E-08 8.0E-08 64E-08 65E-08 7.0E-08 69E-08 4.5E-08 32E-08 3.1E-08 4.6E-08 6.7E-08 72
12.1 4.1E-08 26E-08 1.7E-08 1.5E-08 20E-08 32E-08 47E-08 38E-08 38E-08 40E-08 39E-08 26E-08 19E-08 18E-08 27E-08 3.8E-08 i2.1
24.1 1.9E-08 12E-08 76E-09 6.6E-09 8.8E-09 1.5E-08 22E-08 18E-08 18E-08 1.8E-08 1.7E-08 1.2E-08 8.7E-09 8.5E-09 1.2E-08 1.8E-08 241
40.3 1.1E-08 6.4E-09 4.1E-09 3.5E-09 4.7E-09 8.0E-09 12E-08 9.7E-09 97E-09 94E-09 9.2E-09 6.3E-09 48E-09 4.7E-09 6.7E-09 9.7E-09 40.3
56.3 7.2E-09 4.3E-09 28E-09 23E-09 3.1E-09 5.3E-09 B80E-09 6.6E-09 65E-09 62E-09 6.1E-09 42E-09 32E-09 32E-09 4.5E-09 6.5E-09 5603

72.4 54E-09 3.2E-09 20E-09 1.7E-09 23E-09 39E-09 59E-09 49E-09 48E-09 4.6E-09 45E-09 3.1E-09 24E-09 23E-09 33E-09 4.8E-09 724
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Table4.1-22. X/Q’ Vaues (sec m™) for Chronic Ground-Level Releasesfrom 400 Area Based on 1983 through 2002
Meteorological Information, Hanford Site, Washington

Distance Sector (Wind from 400 Areatoward Direction Indicated) Distance
(km) S SSwW SwW WSW W WNW_ NW NNW N NNE NE ENE E ESE SE SSE ’km)
0.1 18E-04 16E-04 12E-04 82E-05 85E-05 98E-05 I[5E-04 23E04 27E-04 28E-04 19E-04 I[3E-04 13E-04 1|7JE-04 27E-04 23E-04 0.1
02 SOE-05 45E-05 33E-05 22E-05 23E-05 27E-05 42E-05 64E-05 74E-05 7.7E-05 S2E05 3.5E-05 3.7E-05 4.7E-05 7.6E-05 6.2E-05 0.2
03 24E-05 22FE-05 1.6E-05 I1.1E-05 1.1E-05 13E-05 20E-05 3.1E-05 36E-05 37E05 25E-05 [7E-05 18E-05 22E-05 36E-05 30E-05 03
0.4 14E-05 13E-05 94E-06 64E-06 66E-06 7.7E06 12E-05 18E-05 2.1E-05 22E05 [15E-05 10E05 I1.1E05 1.3E-05 22E05 18E-05 0.4
0.5 96E-06 8.7E-06 63E-06 43E-06 45E06 S.1E-06 82E-06 1.2E-05 14E05 15E-05 1.0E05 68E-06 7.2E06 9.1E-06 15E05 1.2E-05 0.5
0.6 69E-06 63E-06 46E-06 3.1E-06 32E-06 3.7E-06 59E-06 89E-06 1.0E-05 I.IE-05 7.3E-06 S50E-06 5.2E-06 66E-06 1.1E-05 87E-06 0.6
0.7 53E-06 4.8E-06 3.5E-06 24E-06 25E-06 2.8E-06 45E-06 68E-06 79E-06 82E-06 5S5E-06 3.8E-06 4.0E-06 S50E-06 8.1E-06 6.7E-06 0.7
08 42E-06 38E-06 28E06 19E-06 19E-06 22E-06 3.6E-06 54E-06 62E-06 65E-06 44E-06 3.0E-06 3.1E-06 4.0E-06 G64E-06 5.3E-06 0.8
0.9 34E-06 3.1E-06 22E-06 15E-06 [6E-06 1.8E-06 29E-06 44E-06 5.1E-06 53E-06 36E06 24E-06 25E-06 3.2E-06 S52FE-06 4.3E-06 0.9
1 28E-06 26E-06 19E-06 13E-06 13E-06 1.5E-06 24E-06 36E-06 42E-06 44E-06 30FE-06 20E-06 2.1E-06 27E-06 43E-06 3.6E-06 1
24 66E-07 60E-07 44E-07 29E-07 3.0E-07 3.5E-07 56E-07 85E-07 99E-07 10E-06 69E07 47E-07 S5.0E-07 63E-07 1.0E-06 83E-07 24
4 30E-07 27E-07 20B-07 13E-07 14E-07 16E-07 26E-07 39E-07 45E-07 47E-07 32E-07 22E-07 23E-07 29E-07 47E-07 38E-07 4
5.6 18E-07 1.7E-07 12E-07 8.1E-08 84E-08 97E-08 16E-07 24E-07 28E-07 29E-07 19E07 13E-07 14E-07 [8E-07 2.8E-07 2.3E-07 56
7.2 13607 1.1E-07 83E-08 56E-08 S58E-08 67E08 1.1E-07 16E-07 19E-07 20E07 13E-07 92E-08 96E-08 12E-07 20E-07 1.6E-07 7.2
12.1 60E-08 55E-08 3.9E-08 26E-08 27E-08 32E-08 S5.IE-08 7.9E-08 92E-08 95E-08 64E-08 44E-08 46E-08 S58E-08 94E-08 7.7E-08 12.1
24.1 23E-08 2.1E-08 1.SE-08 10E-08 10E-08 [2E-08 |9E-08 30E-08 35E-08 37E-08 25E-08 [7E-08 18E-08 22E08 36E-08 29E-08 24.1
403 1.2E-08 1.0E-08 7.5E-09 SOE-09 52E-09 S59E-09 9.7E-09 15E-08 !8E-08 18E-08 12E08 84E-09 88E-09 I.IE-08 18E-08 [SE-08 403
56.3 73E-09 6.7E-09 48E-09 32E-09 33E-09 38E-09 6.1E-09 97E-09 [.1E-08 12E-08 7.8E-09 5.4E-09 S.7JE-09 7.IE-09 12E-08 9.4E-09 56.3
724 53E-09 4.8E-09 34E-09 2.3E09 23E-09 27E-09 44E-09 69E-09 8.1E09 8.5E-09 56E09 39E-09 40E-09 51E-09 82E-09 67E09 724
Table4.1-23. X/Q’ Values (sec m™) for Chronic 60-m Stack Releases from 400 Area Based on 1986 through 2002

Meteorological Information, Hanford Site, Washington
Distance Sector (Wind from 400 Areatoward Direction Indicated) Distaice
(km) S SSwW SW Wsw W WNW  NW_ NNW N NNE NE ENE E ESE SE SSE (kn)
0.1 7AE-11 13E-10 1.1E-10 6.E-11 7.0E-11 7.0E-11 82E-11 74E-1l 17E-10 2.1E-10 1.1E-10 66E-11 52E-11 5SE-11 G60E-11 4.E-11 0.1
0.2 2.1E-08 34E-08 28E-08 17E-08 1SE-08 19E-08 23E-08 21E08 46E08 S4E-08 28E-08 1.7E-08 [3E-08 [SE-08 I.6E-08 12E-08 0.2
0.3 S8E-08 82E-08 7.1E-08 42E-08 50E-08 4.7E-08 58E-08 54E-08 1.1E-07 13E-07 65E-08 4.1E-08 3.IE-08 3.6E-08 39E-08 3.2E-08 0.3
0.4 7.1E-08 9.0E-08 7.8E-08 48E08 57E-08 S54E08 66E08 65E08 12E-07 13E07 7.0E08 45E08 32E-08 39E-08 46E-08 4.2E-08 0.4
0.5 76E-08 8O9E-08 7.6E-08 4.8E-08 S5.7E-08 55E-08 68E-08 69E-08 I.IE-07 12E-07 67E-08 4.3E-08 32E-08 4.0E-08 5.1E-08 4.8E-08 0.5
0.6 8.1E-08 9.0E-08 7.5E-08 49E-08 58E-08 58E-08 7.lE-08 74E-08 1.1E-07 12E-07 67E-08 44E-08 33E-08 42E-08 6.0E-08 57E-08 0.6
0.7 88E-08 9.3E-08 7.JE-08 52E-08 6.1E-08 63E-08 7.8E-08 82E-08 I.1E-07 [2E-07 7.0E-08 46E-08 3.6E-08 46E-08 72E08 69E-08 0.7
0.8 96E-08 97E-08 8.1E-08 55E-08 65E-08 69E-08 87E-08 9.IE-08 1.1E-07 12E-07 7.5E-08 49E-08 4.1E-08 S52E-08 87E-08 82E-08 0.8
0.9 10E-07 10E-07 85E-08 S59E-08 69E-08 7.6E-08 96E-08 1.0E-07 12E-07 13E-07 82E-08 54E-08 4.6E-08 6.0E-08 10E-07 9.4E-08 0.9
1 1.1E-07 1.1E-07 9.0E-08 6.2E-08 7.4E-08 8.1E-08 1.0E-07 1.1E-07 13E-07 14E-07 9.0E-08 58E-08 5.2E-08 68E-08 1.2E-07 1.1E-07 |
24 12E-07 1.1E-07 9.0E-08 65E-08 7.3E-08 83E-08 12E07 14E07 1.5E07 16E-07 12E07 7.5E-08 74E-08 97E-08 16E-07 13E-07 24
4 82E-08 7.6E-08 G6.2E-08 45E-08 S50E08 S57E08 S84E-08 1.0E-07 1.1E-07 1.1E-07 87JE-08 5.6E-08 56E-08 7.2E-08 12E-07 9.6E-08 4
5.6 6.1E-08 5.5E-08 45E-08 33E08 36E-08 4.E-08 6.E08 7.5E-08 83E-08 85E-08 65E-08 4.2E-08 4.2E-08 54E-08 88E-08 7.1E-08 5.6
72 47E-08 4.3E-08 34E-08 25E-08 28E-08 32E-08 47E-08 S59E-08 66E-08 66E-08 52E-08 33E-08 33E-08 43E-08 6.8E-08 56F-08 7.2
12.1 27E-08 24E-08 19E-08 14E-08 15E-08 18E08 27E-08 34E-08 3.8E-08 39E-08 3.0E-08 20E-08 20E-08 25FE-08 39E-08 3.2E-08 12.1
24.1 12E-08 1.1E-08 86E-09 63E-09 68E-09 7.8E-09 12E08 16E-08 I.8E-08 1.8E-08 14E-08 9.3E09 92E09 I.IE-08 |8E-08 1.5E-08 4.1
403 6.7E-09 S59E-09 46E-09 34E-09 36E-09 42E09 65E-09 87E09 99E-09 99E09 S80E-09 S52E09 S5.1E09 62E-09 9.8E-09 8.2E-09 103
56.3 45E-09 40FE-09 3.1E-09 23E09 24E-09 28FE-09 44E-09 S59E-09 6.7E-09 67E-09 S54E-09 35E-09 34E-09 4.1E-09 6.6E-09 55E-09 36.3
724 33E-09 29B-09 22B-09 1.7E-09 18E-09 20E-09 32E-09 43E-09 50E-09 50E-09 4.1E-09 26E09 26E-09 3.0E-09 48E-09 4.1E-09 72.4
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Table4.1-24. 95th Percentile E/Q Vaues (sec m') for Acute Ground Level Releasesfrom 100-N Area Based on 1983 through 2002

Meteorologica Information, Hanford Site, Washington

Distance Sector (Wind from 100-N toward Direction Indicated) Distance
___km) S SN SW WSW W WNW NW NNW N NNE NE ENF E ESE SE SSE ()
0.1 49E-02 3.8E-02 44E-02 47E-02 42E02 34BE-02 34E-02 34E-02 34E-02 34E02 34E02 33E-02 34E-02 37E02 5.1E-02 5.3E02 I
0.2 1.5E-02 1.1E-02 1.3E-02 14E-02 13E-02 1.0E-02 1.0E-02 1.0E-02 1.0E-02 1.0E-02 10E-02 1.0E-02 1.0E-02 1.1E-02 1.5E-02 1.6E-02 0.2
0.2 74E-03 58E-03 6.7E-03 7.1E-03 64E-03 52E-03 5.1E-03 5.1E-03 5.2E-03 S52E-03 5.1E-03 5.1E-03 5.1E-03 5.7E-03 7.7E-03 8.0E-03 0.3
0.¢ 45E-03 3.5E-03 4.1E-03 43E-03 4.0E-03 3.2E-03 3.1E-03 32E-03 3.2E-03 3.2E-03 3.1E-03 3.1E-03 3.2E-03 3.5E-03 48E-03 4.9E-03 0.4
0. 3.1E-03 24E-03 28E-03 3.0E-03 2.7E-03 22E-03 22E-03 22E-03 22E-03 22E-03 2.2E-03 2.1E-03 22E-03 24E-03 3.3E-03 34E-03 n.5
0.¢ 2.3E-03 1.8E-03 2.1E-03 2.2E-03 20E-03 16E-03 16E-03 16E-03 1.6E-03 16E-03 16E-03 16E-03 1.6E-03 1.8E-03 24E-03 25E-03 1.6
0.7 1.8E-03 1.4E-03 1.6E-03 1.7E-03 1.6E-03 1.3E-03 1.2E-03 12E-03 13E-03 13E-03 1.2E-03 12E-03 12E-03 14E-03 19E-03 1.9E-03 0.7
0.¢ 1.4E-03 1.1E-03 13E-03 14E-03 1.2E-03 1.0E-03 9.8E-04 99E-04 10E-03 1.0E-03 98E-04 98E-04 99E-04 1.1E-03 1.5E-03 1.5E-03 1.8
0.¢ 1.2E-03 9.2E-04 1.1E-03 1.1E-03 1.0E-03 83E-04 8.1E-04 82E-04 83E-04 82E04 8.1E-04 8.1E-04 8.1E-04 90E-04 1.2E-03 1.3E-03 1.9
1 9.8E-04 7.7E-04 9.0E-04 94E-04 8.6E-04 69E-04 68E-04 6.8E-04 69E-04 69E-04 68E-04 6.8E-04 68E-04 7.6E-04 1.0E-03 I1.1E-03 1
2. 2.5E-04 20E-04 23E-04 24E-04 22E-04 1.8E-04 1.7E-04 1.8E-04 1.8E-04 18E-04 1.7E-04 1.7E-04 18E-04 19E-04 27E-04 2.7E-04 4
4 1.2E-04 9.7E-05 1.1E-04 1.2E-04 [.1E-04 8.7E-05 8.5E-05 86E-05 87E-05 87E-05 8.5E-05 8.5E-05 86E-05 95E-05 13E-04 1.3E-04 4
5.6 79E-05 6.2E-05 7.2E-05 76E-05 69E-05 55E-05 54E-05 S55E-05 5.5E-05 55E-05 54E-05 54E-05 5.5E-05 6.1E-05 8.3E-05 8.6E-05 5.6
7.2 5.7E-05 4.4E-05 5.2E-05 54E-05 5.0E-05 4.0E-05 3.9E-05 39E-05 4.0E-05 4.0E-05 39E-05 39E-05 39E-05 44E-05 6.0E-05 6.2E-05 72
1211 2.9E-05 23E-05 27E-05 28E-05 25E-05 21E-05 20E-05 20E-05 2.1E-05 2.1E-05 20E-05 20E-05 20E-05 22E-05 3.1E-05 3.2E-05 i1
24 1 1.2E-05 9.7E-06 1.1E-05 1.2E-05 1.1E-05 B8.7E-06 8.6E-06 8.6E-06 8.7E-06 8.7E-06 B8.5E-06 8.5E-06 8.6E-06 9.5E-06 1.3E-05 1.4E-05 L1
403 6.7E-06 52E-06 6.1E-06 64E-06 58E-06 4.7E-06 46E-06 4.6E-06 4.7E-06 4.7E-06 4.6E-06 46E-06 46E-06 5.1E-06 7.0E-06 7.2E-06 )3
56.3 45E-06 3.5E-06 4.1E-06 4.3E-06 39E-06 3.IE-06 3.1E-06 3.1E-06 3.1E-06 3.1E-06 3.1E-06 3.1E-06 3.1E-06 34E-06 4.7E-06 4.8E-06 3.3
724 33E-06 26E-06 30E-06 3.2E-06 29E-06 23E-06 23E-06 23E-06 23E-06 23E-06 23E-06 23E-06 23E-06 25E-06 3.5E-06 3.6E-06 1.4

Table4.1-25. 95th Percentile E/Q Values (sec m™) for Acute 60-m Stack Releasesfrom 100-N Area Based on 1986 through 2002
Meteorological Information, Hanford Site, Washington
Distance Sector (Wind from 100-N toward Direction Indicated) Dist nce
(km) S SN QAL WS AL WNW N/ NN\AL NI NNE NE ENE E ESE SE SSE (. 11)
0. 24E-08 20E-08 1.6E-08 50E-18 3.1E-18 4.0E-18 39E-18 4.0E-18 66E-18 7.6E-11 16E-08 20E-08 1.3E-08 23E-10 23E-10 2.6E-08 0.1
0.2 59E-06 5.5E-06 55E-06 3.1E-08 19E-08 25E-08 24E-08 25E-08 4.1E-08 [4E-06 S5.5E-06 55E-06 36E-06 22E-06 4.1E-06 6.5E-06 0.2
0.3 14E-05 1.IE-05 I1.IE-05 27E-06 12E-06 16E-06 15E-06 16E-06 3.6E-06 68E-06 1.0E-05 1.1E-05 9.6E-06 6.5E-06 I1.1E-05 1.6E-05 0.3
0.4 1.6E-05 1.4E-05 14E-05 6.5E-06 4.5E-06 58E-06 6.2E-06 5.8E-06 6.7E-06 7.6E-06 1.0E-05 13E-05 1.0E-05 73E-06 15E-05 1.9E-05 0.4
0.5 1.7E-05 1.3E-05 1.1E-05 7.2E-06 4.8E-06 76E-06 6.5E-06 7.2E-06 7.2E-06 8.1E-06 9.2E-06 1.1E-05 86E-06 68E-06 14E-05 27E-05 0.5
0.0 14E-05 13E-05 13E-05 57E-06 5.7E-06 5.7E-06 5.7E-06 5.7E-06 5.7E-06 6.6E-06 89E-06 12E-05 7.5E-06 5.7E-06 13E-05 1.9E-05 0.6
0.1 13605 1.2E05 I1.IE-05 1.0E-05 [.0E-05 1.0E-05 [.0E-05 I1.0E-05 10B-05 '1.0E-05 I.IE-05 1.IE-05 10E-05 96E-06 I1.1E-05 17E-05 0.7
0.3 1.5E-05 1.5E-05 15E-05 15E-05 15E-05 15E-05 1.5E-05 15E-05 15E-05 15E-05 14E-05 14E-05 14E-05 1.3E-05 1.5E-05 [!.8E-05 0.8
0.9 1.9E-05 1.7E-05 1.7E-05 17E-05 17E-05 17E-05 1.7E-05 17E-05 17E-05 17E-05 1.5E-05 16E-05 14E-05 1.3E-05 1.8E-05 2.1E-05 0.9
1 22E-05 21E-05 22E-05 22E-05 22E-05 22E-05 22E-05 22E-05 22E-05 22E-05 2I1E-05 21E-05 20E-05 18E-05 22E-05 2.3E-05 1
2.1 2.2E-05 22E-05 22E-05 22E-05 22E-05 22E-05 22E-05 22E-05 22E-05 22E-05 22E-05 22E-05 21E-05 2.1E-05 22E-05 2.2E-05 24
4 1.7E-05 1.6E-05 1.7E-05 1.7E-05 1.7E-05 1.7E-05 1.7E-05 1.7E-05 1.7E-05 1.7E-05 1.6E-05 1.6E-05 14E-05 14E-05 1.6E-05 1.7E-05 4
5.3 14E-05 1.4E-05 14E-05 14E-05 14E-05 14E-05 14E-05 14E-05 14E-05 14E-05 14E-05 14E-05 14E-05 14E-05 14E-05 14E-05 5.6
7.2 {.1E-05 1.1E-05 1.1E-05 12E-05 12E-05 1.2E-05 1.1E-05 1.1E-05 12E-05 1.1E-05 1.0E-05 1.0E-05 8.8E-06 79E-06 1.0E-05 1.1E-05 72
12.1 6.4E-06 64E-06 7.1E-06 79E-06 8.0E-06 7.6E-06 69E-06 69E-06 7.2E-06 6.6E-06 64E-06 64E-06 6.3E-06 6.3E-06 6.4E-06 6.5E-06 2.1
2¢1 53E-06 48E-06 5.5E-06 5.6E-06 5.6E-06 5.5E-06 5.5E-06 5.5E-06 5.5E-06 5.3E-06 3.8E-06 3.7E-06 28E-06 27E-06 5.0E-06 5.5E-06 24.1
40.3 3.2E-06 29E-06 3.6E-06 3.8E-06 3.8E-06 3.6E-06 34E-06 34E-06 3.5E-06 3.2E-06 22E-06 2.1E-06 1.6E-06 1.6E-06 3.0E-06 3.5E-06 40.3
56.3 23E-06 2.1E-06 26E-06 29E-06 28E-06 26E-06 25E-06 25E-06 25E-06 23E-06 16E-06 15E-06 1.1E-06 1.2E-06 22E-06 26E-06 56.3
72.4 1.8E-06 1.6E-06 21E-06 23E-06 23E-06 2.1E-06 19E-06 19E-06 20E-06 18E-06 13E-06 1.2E-06 9.2E-07 9.3E-07 1.7E-06 2.0E-06 724
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Table 4.1-26. 95th Percentile E/Q Values (sec m™) for Acute Ground-Level Releases from 200 Areas Based on 1983 through 2002
Meteorological Information, Hanford Site, Washington

Distance Sector (Wind from 200 Areas toward Direction Indicated) Distunce
(km) S SSW SW WSW w WNW  NW NNW N NNE NE ENE E ESE SE SSE (km)
0.1 31E-02 30E-02 32E-02 32E-02 32E-02 32E02 3.3E-02 32E-02 33E-02 3.2E-02 3.1E-02 28E-02 29E-02 26E-02 22E-02 3.0E-02 01
0.2 94E-03 9.1E-03 9.6E-03 9.8E-03 9.7E-03 9.6E-03 9.8E-03 98E-03 |0E-02 98E-03 93E-03 86E-03 87E-03 7.8E-03 67E-03 9.0E-03 02
0.3 47E-03 46E-03 48E-03 49E-03 49E-03 48E03 49E-03 49E03 50E-03 49E-03 47E-03 43E-03 44E03 39E03 34E-03 4.5E-03 0.3
0.4 29E-03 28E-03 30E-03 30E-03 30E-03 3.0E-03 3.0E-03 3.0E-03 3.1E-03 3.0E-03 29E-03 27E-03 27E-03 24E-03 21E-03 28E-03 0.4
05 20E-03 19E-03 20E-03 2.1E-03 21E03 20E03 21E03 21E03 21E-03 21E-03 20E-03 18E-03 19E-03 [17E-03 14E03 19E-03 0.5
0.6 15E-03 14E-03 15E-03 1.5E-03 1.5E-03 15E03 15E03 15E03 16E03 15E-03 1.5E-03 13E-03 14E-03 12E-03 1.IE-03 !4E03 0.6
0.7 1IE-03 1.1E-03 12E-03 12E-03 12E-03 12E-03 12E-03 12E-03 12E-03 [2E-03 1.1E-03 1.0E03 1.I1E-03 9.5E-04 8.1E-04 1.1E-03 0.7
0.8 91E-04 89E-04 93E-04 95E-04 94E-04 93E-04 95E-04 95E-04 97E-04 95E-04 90E-04 83E-04 85E-04 7.6E-04 65E-04 87E-04 0.8
0.9 75E-04 73E04 7.7E-04 78E-04 77E-04 7.7E-04 78E-04 78E-04 7T9E-04 7.8E-04 74E-04 68E-04 7.0E-04 62E-04 53E-04 7.2E-04 0.9
1 63E-04 6.1E-04 64E-04 65FE-04 65E-04 64F-04 66E-04 66E-04 67E-04 6.6E-04 62E-04 57E-04 58E-04 52E-04 45E-04 6.0E-04 1
2.4 16E-04 16E-04 17E-04 17E-04 1.7E-04 17BE-04 17E-04 17E-04 17E-04 17E-04 16E-04 15E-04 15E-04 14E-04 12E-04 16E-04 24
4 79E-05 7.7E-05 8.1E-05 8.2E-05 8.2E-05 8.1E-05 B8.3E-05 8.2E-05 84E-05 8.2E-05 79E-05 73E-05 74E-05 66E-05 5.7E-05 7.6E-05 4
5.6 50E-05 49E-05 S52E-05 52E-05 52E-05 52E-05 53E-05 53E-05 5.3E-05 53E-05 50E-05 46E05 4.7E-05 42E-05 3.6E05 4.9E-05 5.6
7.2 36E-05 35E-05 3.7E-05 3.8E-05 37E-05 3.7E-05 38E-05 3.8E-05 3.8E-05 38E-05 3.6E-05 3.3E-05 34E-05 3.0E-05 26E-05 35E-05 72
12.1 19E05 18E05 19E05 19E-05 19E-05 1{9E-05 20E-05 19E-05 20E-05 I[19E-05 19E-05 1.7E-05 1.7E-05 16E-05 13E-05 1.8E-05 2.1
24.1 79E-06 78E-06 82E-06 83E-06 8.2E06 8.1E-06 83E-06 8.3E-06 84E-06 83E-06 79E-06 7.3E-06 74E-06 67JE06 57E06 7.6E-06 4.1
403 43E-06 42E-06 44E06 44E-06 44E-06 44E-06 4.5E-06 4.4E-06 4.5E-06 4.4E-06 42E06 39E-06 4.0E-06 3.6E-06 3.1E-06 4.1E-06 40.3
56.3 28E-06 28E-06 29E-06 30E-06 29E-06 29E-06 30E-06 3.0E-06 3.0E-06 30E-06 28E-06 26E06 27E06 24E-06 2.1E-06 2.7E-06 46.3
724 2.1E-06 2.1E-06 22E-06 22E-06 22E-06 22E-06 22E-06 22E-06 22E-06 22E-06 21E-06 19E-06 20E-06 1.8E-06 1.5E-06 2.0E-06 2.4
Table4.1-27. 95th Percentile E/Q Values (sec m™) for Acute 60-m Stack Releases from 200 Areas Based on 1983 through 2002
Meteorological Information, Hanford Site, Washington
Distance Sector (Wind from 200 Areas toward Direction Indicated) Distance
(km) S SSwW SW_ WSwW w WNW  NW_ NNW N NNE NE ENE E ESE SE SSE__ (kmi
0.1 3.6E-08 38E-08 40E-08 4.0E-08 39E-08 40E-08 3.7E-08 3.5E-08 34E-08 3.0E-08 23E-08 19E-08 14E-08 97E-09 1.8E08 33E-08 0.1
0.2 89E-06 94E06 98E06 9.7E-06 9.7E-06 98E-06 90E-06 87E06 8.5E-06 7.5E-06 S5.5E-06 5.5E06 3.6E06 25SE06 S5S5SE06 8.0E-06 0.2
0.3 1.8E-05 2.2E-05 3.1E-05 3.0E-05 27E-05 3.1E-05 18E-05 [.7E-05 16E-05 15E-05 1.1E-05 9.8E-06 8.3E-06 64E-06 9.6E06 16E-05 03
04 1.7E-05 23E-05 29E-05 30E-05 27B-05 28E-05 [7E-05 [.5E-05 14E-05 13E-05 1.1E-05 84E-06 76E-06 69E-06 82E-06 14E-05 0.4
0.5 1.7E-05 22E-05 2.6E-05 2.6E-05 23E-05 24E-05 18E-05 14E-05 1.3E-05 1.0E-05 8.6E-06 7.5E06 68E-06 48E06 7.8E06 13E05 0.5
0.6 1.4B-05 15E-05 17E-05 19E-05 16E-05 16E-05 14E-05 13E-05 13E05 12E05 7.4E06 S5.7E06 S57E06 S55E-06 6.1E-06 13E-05 2.6
0.7 12E-05 13E-05 14E-05 16E05 13E05 13E05 12E-05 1.1E-05 1.IE-05 1.1IE-05 9.6E-06 7.8E-06 83E-06 49E-06 7.2E-06 1.1E-05 1.7
0.8 1.5E-05 15E-05 16E-05 1.7E-05 15E-05 1.6E05 15E-05 15E-05 15E-05 14E-05 99E-06 7.5E-06 79E-06 5.2E-06 6.7E-06 1.4E-05 1.8
0.9 1.8E-05 19E05 20E05 20E05 19E05 20E-05 19E05 1.7E-05 17E-05 1.5E-05 85E-06 6.8E-06 7.0E-06 64E06 67E06 16E-05 )9
1 22E-05 22E05 23E05 23E-05 22BE-05 22E-05 22E-05 22E-05 21E-05 2.1E-05 83E-06 73E-06 7.6E06 7.1E-06 7.4E-06 2.1E-05 1
24 21E-05 21E-05 21E-05 22E-05 22E-05 22E-05 22E-05 2.1E-05 21E-05 20E-05 14E-05 92E-06 1.2E-05 7.4E-06 7.4E-06 19E-05 14
4 14E-05 14E-05 14E-05 1|5E-05 15E-05 |6E-05 16B-05 [5E-05 14E-05 14E-05 13E-05 1.0B-05 1.2E-05 6.0E-06 5.8E-06 1.3E-05 4
56 14E-05 14E-05 14E05 [4E05 14E05 14E-05 14E05 14E-05 14E05 13E05 85E06 69E-06 8.0E-06 4.7E-06 4.7E-06 1.1E-05 5.6
72 97E-06 92E-06 9.5E06 1O0E05 I.IE05 1.1E-05 1.1E-05 1.0E-05 1.1E-05 93E-06 62E06 S54E06 60E06 44E06 43E06 7.6E-06 12
12.1 64E-06 63E-06 63F-06 64E-06 64E-06 64E-06 64E-06 64E-06 64E-06 63E-06 6.1E-06 32E-06 S0E-06 32E06 32E-06 63E-06 121
24,1 29E-06 27E-06 29E-06 36E-06 36E-06 39E-06 4.0E-06 3.5E-06 4.3E-06 3.2E-06 24E-06 1.9E-06 22E-06 19E-06 1.7E-06 2.5E-06 211
40.3 16E-06 16E-06 1.6E-06 20B-06 2.1E-06 23BE-06 2.3E-06 20E-06 25E-06 1.8E-06 15E-06 15E06 ISE-06 12E06 I.1E-06 1.5E-06 403
56.3 1.2E06 [.IE-06 [2E-06 [5E-06 1S5E-06 17E-06 17E-06 1.5E-06 [8E-06 14E-06 1.1E-06 I.1E-06 1.IE06 9.1E-07 7.7E-07 1.1E06 56.3
72.4 9.6E-07 82E-07 94E-07 12E-06 12E-06 13E-06 13E-06 1.2E-06 14E-06 1.1E-06 84E-07 8.0E-07 8.8E07 68E07 60E07 87E07 704



Table4.1-28. 95th Percentile E/Q Values (sec m™) for Acute Ground-Level Releases from 300 AreaBased on 1983 through 202

Meteorological Information, Hanford Site, Washington

Distance Sector (Wind from 300 Areatoward Direction Indicated) Distance
— (km) S SSW SW WSW W WNW  NW  NNW N NNE NE ENE E ESE SE SSE (am)
0.1 28E-02 21E02 29E02 22E-02 3.1E-02 28E-02 3.0E-02 34E-02 33E-02 29E-02 16E-02 3.1E02 40E02 S54E02 42E02 3.1E-02 01
0.2 8.3E-03 6.2E-03 8.8E-03 6.6E-03 93E-03 85E-03 9.0E-03 10E-02 10E-02 87E-03 48E-03 94E03 12E-02 16E-02 13E02 9.5E-03 02
0.3 42E-03 3.1E-03 44E-03 3.3E-03 47E-03 42E-03 45E-03 52E-03 50E-03 44E-03 24E-03 47E-03 6.0E-03 82E-03 6.3E-03 4.7E-03 0.3
0.4 26E-03 19E-03 27E-03 20E-03 29E-03 26F-03 28E-03 32F03 3.JE-03 27E-03 1.5E-03 29E03 3.7E-03 S5.IE-03 3.9E-03 29E-03 04
0.5 1.8-03 13E-03 19E-03 14E-03 20E-03 18E-03 19E-03 22E-03 21E-03 18E-03 1OE-03 20E-03 2.6E03 35E03 27E03 2.0E-03 05
0.5 1.3E-03 97E-04 14E-03 10E-03 15E-03 [3E-03 14E-03 [6E-03 16E-03 14E-03 76E-04 15E03 [9E-03 26E-03 20E-03 [5E03 0.6
0.7 1.0E-03 7.5B-04 1.1E-03 8.1E-04 I1.IE-03 [0E-03 1.1E-03 12E-03 1.2E03 1.1E-03 S5.8E-04 1.1E-03 15E-03 2.0BE-03 15E-03 1.1E-03 0.7
0.3 8.1E-04 G.0E-04 85E-04 65E-04 90E-04 82E-04 88E-04 I|OE-03 97E-04 B84E-04 47E-04 92E-04 [2E-03 16E-03 [2E-03 92E-04 0.8
0.9 6.6E-04 49E04 7.0E-04 53E-04 74E-04 6.8E-04 7.2E-04 82E-04 80E04 69E04 39E-04 7.5E-04 9.6E-04 1.3E-03 1.0E-03 7.5E-04 0.9
1 56E-04 42E-04 59E-04 45E-04 62FE-04 57E-04 60FE-04 69FE-04 67E-04 S58E-04 32E-04 63E-04 8.1E-04 [.1E-03 84E-04 63E-04 1
2.4 14E-04 1.1E-04 15E-04 1.IE-04 16E-04 15E-04 |6E-04 18E-04 |7E-04 15E-04 84E-05 16E-04 2.1E-04 28E-04 22E-04 1.6E-04 24
4 7.1E-05 53E-05 74E-05 55E-05 79E-05 72E-05 7.6E-05 86E-05 84E-05 74E-05 4.1E-05 80E-05 [0E-04 14E-04 [.IE-04 80E-05 4
5.5 45E-05 34E-05 47E-05 3.5E-05 5.0E-05 46E-05 49E-05 55E-05 54E05 47E05 26E-05 51E05 65BE-05 88E-05 6.7E-05 5.1E-05 56
7.2 32E-05 24E-05 3.4E-05 25E-05 3.6E-05 3.3E-05 3.5E-05 4.0E-05 39E-05 34E-05 19E-05 3.7E-05 4.6E-05 63E-05 4.8E-05 3.7E-05 72
121 1.7E-05 1.2E-05 18E-05 1.3E-05 19E-05 1.7E-05 18E-05 20E-05 20E-05 17E-05 95E-06 19E-05 24E-05 3.3E-05 2.5E-05 19E-05 2.1
24.1 7.1E-06 5.3E-06 7.5E-06 S53E-06 79E-06 7.2E-06 7.7E-06 8.JE-06 8.5E-06 7.4E-06 40E-06 80E-06 10E-05 [4E-05 1.1E-05 8.0E-06 4.1
40.3 38E-06 2.8E-06 4.0E-06 2.8E-06 42E-06 39E-06 4.1E-06 46E-06 4.5E-06 4.0E-06 2.1E-06 4.3E-06 55E-06 74E-06 5.7E-06 4.3E-06 w03
56.3 25B-06 19E-06 27E-06 19E-06 28E-06 26E-06 28E-06 3.1E-06 3.0E-06 27E-06 14E-06 29E-06 3.7E-06 S5.0E-06 3.8E-06 29E-06 6.3
19E-06 14E06 20E-06 14E-06 2.1E-06 19E-06 2.0E-06 23E-06 2.3E-06 20E-06 1.IE-06 2.1E06 27E-06 37E-06 2.8E06 2.1E-06 124
Table4.1-29. 95th Percentile E/Q Values (sec m™) for Acute 60-m Stack Releases from 300 Area Based on 1986 through 2002
Meteorological Information, Hanford Site, Washington

Distance Sector (Wind from 300 Area toward Direction Indicated) Distince
(km) S SSW SW__ WSW W WNW_ NW__ NNW N NNE NE ENE E ESE SE SSE (m)
0.1 6.1E-42 47E-18 44E-18 38E-18 3.6F-18 17E-18 [2E4l1 11E41 13E4] 38E-18 36E-18 LYE-Il |.[E-18 1.1E-41 97E42 S53E42 01
0.2 14E-14 30E-08 28E-08 24E-08 22E-08 10E-08 29E-14 26E-14 30F-14 23F-08 22E-08 36E07 66E09 26E-14 23E-14 12E-14 02
0.3 17E-09 19E-06 18E-06 1.5E-06 14E-06 6.6E-07 34E-09 29E-09 34E-09 15E-06 14E-06 22E06 42E-07 3.0E-09 2.6E-09 14E-09 03
0.4 1.1E-07 44E-06 64E-06 S6E-06 S52E-06 32E-06 23E-07 20E-07 23E-07 39E06 38E-06 37E-06 15E-06 2.0E-07 1.8E-07 9.6E-08 04
0.5 1.5E-06 S.9E-06 8.6E-06 89E-06 84E06 43E-06 18E06 18E06 18E-06 4.7E-06 4.1E-06 37E-06 22E06 18E-06 19E-06 1.3E-06 0.5
0.6 25606 6.3E-06 7.6E-06 82E-06 72E-06 5.7E-06 5.6E-06 S5.6E-06 5.6E-06 56E-06 4.9E-06 49E06 S5.1E-06 S52E-06 S.OE-06 19E-06 06
0.7 36E-06 7.5E-06 1.1E05 1.1E-0S 1.1E-05 9.7E-06 8.IE-06 8.6E-06 7.5E-06 6.1E-06 4.8E-06 47E-06 7.4E-06 8.5E-06 S5.1E-06 3.5E-06 07
0.8 52E-06 72E-06 14E05 14E-05 14E-05 14E-05 10E-05 13E-05 72E06 53E06 S52E06 S52E06 7.0E-06 14E-05 S53E-06 S5.2E-06 0.8
0.9 6.3E-06 6.8E-06 14E05 16E-05 16E-05 14E-05 9.0E-06 12E-05 68E-06 66E-06 60E-06 6.0E-06 6.8E-06 14E-05 66E-06 64E-06 0.9
1 75E-06 7.7E-06 1S5E-05 1.7B-05 1.7E-05 1S5E-05 87E-06 !.1E05 7.7E-06 7.4E06 69E-06 7.2E-06 7.7E-06 14E-05 7.6E-06 7.6E-06 1
24 20E-05 2.1E-05 22E-05 22E-05 22E-05 22E-05 2.1E-05 22E-05 22E-05 16E-05 79E-06 18E-05 22E-05 22E-05 22E-05 2.1E-05 24
4 14E-05 14E-05 15E-05 16E-05 16E-05 15E-05 14E-05 1.6E-05 15E-05 [3E-05 85E-06 1.3E-05 16E-05 16E-05 1.5E-05 14E-05 4
5.6 1.3E-05 14E-05 14E-05 14E-05 14E05 14E-05 14E-05 14E05 14E-05 1.1E-05 6.1E-06 12E-05 14E-05 14E-05 14E-05 14E-05 56
7.2 80E-06 86E06 10E05 1.1E05 1.1E-05 98E-06 9.0E-06 10E-05 10E-05 7.2E-06 S50E-06 7.5E-06 1.0E-05 1.1E-05 9.3E-06 82E-06 72
12.1 63E-06 63E-06 64E06 64E-06 64E-06 64E-06 63E-06 64E-06 64E-06 62E-06 4.0E-06 62E-06 64E-06 6.4E-06 63E-06 6.3E-06 12.1
24.1 26E-06 28E-06 49E-06 SOE-06 4.7E06 39E-06 29E06 40E-06 3.JE-06 2.5E-06 2.0E-06 2.5E-06 43E-06 55E-06 36E-06 2.7E-06 24.1
40.3 1.5B-06 16E-06 29E-06 3.0E-06 2.8E-06 23E06 16E-06 23E-06 2.1E-06 15E-06 1.5E-06 1.5E-06 2.5E-06 34E-06 2.1E-06 1.6E-06 403
56.3 12B-06 12B06 2.1E06 22E06 20E-06 17E06 12E-06 17E-06 !5E-06 10E-06 88E-07 10E-06 18E-06 24E-06 15E-06 1.2E-06 56.3
724 92E-07 94E-07 16E-06 1.7E-06 16E06 13E06 99E-07 14E06 [2E-06 7.5B-07 6.6E-07 7.5E-07 1.5E-06 19E-06 12E-06 93E-07 724



ey

Table4.1-30. 95th Percentile E/Q Vaues (sec m™) for Acute Ground-Level Releases from 400 Area Based on 1983 through 2002
Meteorological Information, Hanford Site, Washington

Distance Sector (Wind from 400 Areatoward Direction Indicated) [istance
~(km) S SSwW SW  WSW W WNW  NW NNW N NNE NE ENE E ESE SE SSE (km)
0.1 30E-02 28E-02 29E-02 32E-02 32E02 3.1E-02 27E02 23E02 26E02 25B-02 28E-02 32E02 33E02 30E02 25E02 27E02 0.1
0.2 90E-03 8.6E-03 89FE-03 96E-03 97E-03 94E-03 82E-03 69E-03 7.7E-03 74E-03 83E-03 97E-03 [0E-02 9.1E-03 7.5E-03 8.1E-03 02
0.3 45E-03 43E-03 4.5E-03 48E-03 49E-03 4.7E-03 4.1E-03 35E03 3.9E-03 3.7E-03 42E-03 49E-03 5.1E-03 4.6E-03 3.8E03 4.1E-03 03
0.4 28E-03 2.6E-03 27E-03 30E-03 30E-03 29E-03 25F-03 2.1E03 24E-03 23E03 26E03 3.0E03 3.1E-03 28E-03 23E-03 2.5E-03 04
0.5 19E-03 18E-03 19E-03 20E-03 21E-03 20E-03 I[8E-03 15603 I6E-03 16E-03 18E03 21E03 2.1E-03 19E-03 16E03 17E-03 05
0.6 14E-03 13E-03 14E-03 15E-03 15B-03 15E-03 13E-03 [.1E-03 12E03 12E-03 13E03 I[SE03 16E-03 14E-03 12E-03 13E-03 0.6
0.7 1.IE-03 10F-03 1.1E-03 12E-03 12E-03 1.1E-03 [OE-03 84E-04 94E-04 90E-04 10E-03 12E-03 [2E-03 11E-03 9.1E04 9.8E-04 0.7
0.8 88E-04 83E-04 86E-04 O93E-04 94E-04 9.1E04 8OE-04 67JE-04 7.5E-04 72E-04 8.1E-04 9.4E-04 98E-04 88E-04 7.3E-04 7.9E-04 08
0.9 72E-04 68E-04 7.E-04 7.7E-04 77E-04 75E04 66E-04 55E-04 62E-04 59504 66E-04 7.7E-04 8.0E-04 73E-04 60E-04 6.5E-04 0.9
1 6.1E-04 5.7E-04 S59E-04 64E-04 65E-04 63E-04 55E-04 46FE-04 S52E-04 49E-04 56E04 65SE-04 6.7E-04 6.1E-04 S50E-04 S4E-04 |
2.4 16E-04 15E-04 15E-04 1.7E-04 17E-04 16E-04 14E-04 12E-04 13E-04 13E-04 14E04 17E-04 17E-04 [6E-04 13E-04 14E-04 2.4
4 77E-05 73E-05 7.5E-05 8.IE-05 82E-05 79E-05 7.0E-05 S59E05 66E-05 63E05 7.1E05 82E-05 85E-05 7.JE-05 64E-05 69E-05 4
5.6 49E-05 46E-05 4.8E-05 52E-05 5.2E-05 S50E-05 45E-05 3.7E-05 4.2E05 40E-05 45E-05 52E05 SA4E-05 49E-05 4.1E-05 4.4E-05 56
7.2 35E-05 33E-05 3.5E-05 3.7E-05 3.8E-05 3.6E-05 32E-05 27E-05 3.0B-05 29E-05 3.2E-05 3.8E-05 39E-05 3.5E-05 29E-05 3.2E-05 7.2
121 1.86-05 17E-05 18E-05 19E-05 19E-05 19E-05 16E-05 14E-05 1.5E-05 |5E-05 |.7E-05 19E-05 20E-05 18E-05 15E-05 1.6E-05 12.1
24.1 7.7E-06 73E-06 7.6E-06 8.1E-06 8.2E-06 S80E-06 7.0E-06 S59E-06 66E-06 63E-06 7.1E-06 82E-06 85E-06 7.7E-06 64E-06 69E-06  24.1
40.3 41E-06 39E-06 4.1E-06 44E-06 44E-06 43E06 38E-06 32E-06 3.5E-06 3.4E-06 3.8E-06 44E-06 4.6E-06 4.1E-06 34E-06 37E-06 403
56.3 28E-06 26E-06 27E-06 29E-06 30E-06 29E06 25B-06 2.]E-06 24E-06 23E-06 25E-06 3.0E-06 3.1E-06 28E-06 23E-06 25E-06 563
724 20E-06 19E-06 2.0E-06 22E-06 22E-06 2.1E-06 19E-06 [.6E-06 I[8E-06 1.7E-06 19E-06 22E-06 23E-06 2.1E-06 17E-06 I8E-06 724
Table4.1-31. 95th Percentile E/Q Values (sec m™) for Acute 60-m Stack Releases from 400 Area Based on 1986 through 2002
Meteorological Information, Hanford Site, Washington
Distance Sector (Wind from 400 Area toward Direction Indicated) Distance
(km) S SsSw SW  WSwW W WNW  NW __ NNW N NNE NE ENE E ESE SE SSE (km)
0.1 SOE-11 13E-08 14E-08 93E-11 8.1E-09 94E-11 65E-11 75E-18 94E-11 1.1E-08 43E-11 45E-09 46E-11 43E-18 97E-19 [8E-18 0.1
02 95E-07 33E-06 45E-06 18E-06 S55E-06 18E-06 12E-06 47E-08 18E-06 27E-06 82E-07 18E-06 8.6E-07 27E-08 6.1E-09 1.1E-08 0.2
0.3 6.0E-06 8.2E-06 10E-05 I.1E-05 1.1E-05 1.1B-05 7.7E-06 3.9E-06 7.0E-06 63E-06 4.1E-06 46E-06 4.1E-06 1.JE-06 3.9E-07 7.1E-07 0.3
0.4 76E-06 83E-06 12E-05 14E-05 14E-05 14E-05 84E-06 69E-06 7.6E-06 65E-06 47E-06 52E-06 49E-06 38E-06 14E-06 3.0E-06 0.4
0.5 86E-06 92E-06 1.1E-05 12E-05 1.3E-05 12E-05 94FE-06 86E-06 86FE-06 S59E-06 43E-06 53E-06 53E-06 3.7E-06 2.0E-06 3.8E-06 0.5
06 75606 8.8E-06 12E-05 1.3E05 13E05 13E-05 92E-06 7.5E-06 7.5E-06 60E-06 S52E-06 S5.7E-06 57E-06 5.6E-06 3.2E-06 5.7E-06 0.6
0.7 1.0E-05 1.1E-05 1.1E-05 12E-05 12E-05 12E-05 LIE-05 10E-05 88E-06 64E-06 49E-06 7.7E-06 80FE-06 5.8E-06 3.6E-06 7.4E-06 0.7
0.8 1.2E-05 [13E-05 14E-05 |5E-05 |5E-05 |5E-05 14E-05 I.IE-05 86F-06 53E-06 52E-06 7.5E-06 8.1E-06 53E-06 5.1E-06 7.0E-06 0.8
0.9 1.1E-05 12E-05 1.5E05 17E-05 18E-05 1.7E-05 14E05 99E-06 7.3E-06 66E-06 63E-06 68E-06 7.0E-06 66FE-06 62E-06 6.8E-06 0.9
1 10E-05 1.1E-05 2.1E-05 21E-05 22E-05 22E-05 20F05 93E-06 7.6E-06 69E-06 67E-06 7.5E-06 7.6E-06 73E-06 7.IE-06 7.6E-06 1
24 2.1E-05 2.1E-05 22E-05 22E-05 22E05 22E05 22E05 21E05 I7E05 77E06 12E05 21E-05 22E05 21E-05 79E-06 |8E05 24
4 14E-05 14E-05 1.5E-05 16E05 1.7E-05 16E-05 16E05 14E-05 1.3E05 69E-06 13E-05 1.5E-05 1.5E-05 14E-05 7.1E-06 1.3E-05 4
56 14E-05 14E-05 14E-05 14E05 14E-05 14E05 14E05 14E-05 12E-05 52E-06 85E-06 |4E-05 14E-05 14E-05 S53E-06 12E-05 56
72 9.0E-06 87E-06 9.4E-06 1.1E-05 [.IE05 I1.IE-05 10E-05 89E06 7.6E-06 4.6E-06 62E-06 9.4E-06 9.9E-06 7.8E-06 4.6E-06 7.3E-06 72
12.1 6.3E-06 63E-06 63E-06 64E-06 64E-06 64E-06 64E-06 63E-06 63E-06 32E-06 6.1E-06 63E-06 64E-06 63E-06 3.2E-06 62E-06 2.1
24.1 27E-06 2.6E-06 27E-06 42E-06 45E06 4.5E-06 29E06 27E-06 25E-06 I|9E06 23E06 3.2E06 3.7E-06 25E-06 19E-06 24E-06 4.1
403 16E-06 16E06 16E-06 2.5E-06 2.7E-06 2.6E-06 16E06 16E-06 I.5E06 1.5E-06 1.5E-06 |7E-06 2.1E-06 15E-06 14E-06 15E-06 0.3
56.3 12E-06 1.1E-06 I.1E-06 1.8E-06 19E-06 19E-06 12E06 1.2E-06 1.IE06 10E06 I.1E-06 1.3E-06 1.5E-06 1.1E-06 9.1E-07 1.1E-06 6.3
72.4 93E-07 89E-07 9.E-07 14E-06 15E-06 1.5E-06 9.8E-07 93E-07 88E07 76E07 85E-07 |.IE-06 1|.2E-06 79E-07 68E-07 8.3E-07 2.4



Table4.1-32. National and Washington State Ambient Air Quality Standards®

Pollutant National Primary National Secondary Washington State
Total Suspended Particulates
Annual geometric mean NS® NS 60 ug/m’
24-hr average NS NS 150 pg/m’
PM_19
Annual arithmetic mean 50 pg/m’ 50 pg/m’ 50 pg/m’
24-hr average 150 pg/m’ 150 pg/m’ 150 pg/m’
PM. 5
Annua arithmetic mean 15 wm? 15 pg/m® NS
24-hr average 65 Lg/m’ 65 pg/m’
Sulfur Dioxide
Annual average 0.03 ppm NS 0.02 ppm
(=80 pg/m*) (=50 pg/m*)
24-hr average 0.14 ppm NS 0.10 ppm
(=365ug/m’) (=260 pg/m®)
3-hr average NS 0.50 ppm NS
(=13 mgm®)
1-hr average NS NS 0.40 ppm
(=1.0 mg/m*) ©
Carbon Monoxide
8-hr average 9 ppm 9 ppm 9 ppm
(=10 mg/m’) (=10 mg/m®) (=10 mg/m®)
1-hr average 35 ppm 35 ppm 35 ppm
(=40 mg/m’) (=40 mg/m*) (=40 mg/m)
Ozone
8-hr average 0.08 ppm 0.08 ppm NS
(-157 pg/m®) (-157 pg/m®)
1-hr average 0.12 ppm 0.12 ppm 0.12 ppm
(2235 ug/m®) (=235 ug/m®) (=235 ug/m?)
Nitrogen Dioxide
Annual average 0.053 ppm 0.053 ppm 0.053 ppm
(=100 pg/m>) (=100 pg/m®) (2100 pg/m)
Lead
Quarterly average 1.5 pg/m® 1.5 ug/m? 1.5 ug/m?
Radionuclides NS NS @
Fluorides
12-hr average NS NS 3.7 ug/m?
24-hr average 2.9 pg/m®
7 day average 1.7 pg/m*
30 day average 0.84 pg/m’

Abbreviations: ppm = parts per million; pg/m® = micrograms per cubic meter; mg/m® = milligrams per cubic meter.

(a) Source: 40 CFR 50and WAC 173-470 — 173-481. Annual standards are never to be exceeded; short-term standards are not to be
exceeded more than once per year unless otherwise noted. Particulate pollutants are in micrograms per cubic meter. Gaseous
pollutants arein parts per million and equivalent microgram (or milligram) per cubic meter.

(b) NS=no standard.

(c) 0.25 ppm not to be exceeded more than twice in any 7 consecutive days.

(d) Emissions of radionuclides in theair shall not cause a maximum accumulated dose equivalent of more than 25 mrem/yr to the whole
body or 75 mrem/yr to a critical organ of any member of the public. Doses due to radon-220, radon-222, and their respective decay
products are excluded from these limits.




July 18, 1997, EPA issued new air quaity standardsfor particulate matter with a diameter of 2.5 pm
or less(PM,5) and an 8-hr ozone standard. Decisionson violationsof the new particul ate matter and
ozonestandard were to be delayed for 5 to 8 yearsto give states time to set up monitoring networksand
obtain 3 years of data (Ecology 1997).

4.1.7.1 Preventionof Significant Deterioration

Prevention of significant deterioration (PSD) permitsare issued to large sourcesof pollutants subject
to ambient air standardsin attainment areas. The Plutonium-Uranium Extraction (PUREX) and Uranium
Trioxide(UO;) facilitieswere issued a PSD permit for nitrogen oxide emissions in 1980. Thesefacilities
were permanently shut down in the late 1980s and deactivated in the 1990s. None of the currently
operating Hanford facilities have nonradiol ogical emissionsdof sufficient magnitude to warrant
consideration under PSD regulations.

4.1.7.2 Emissionsof Nonradiological Pollutants

Nonradiological pollutantsare mainly emitted from power-generating and chemical -processing
facilitieslocated on the Hanford Site. Table 4.1-33 summarizesthe 2002 emission rates of
nonradiological constituentsfrom these facilities. The 100,400, and 600 Areasdo not have any
nonradiological emission sourcesaf concern (Poston et al. 2003).

4.1.7.3 Offsite Monitoring

In 1998, the Washington State Department of Ecology (Ecol ogy) conducted offsite monitoring near
the Hanford Site for PM,, (Ecology 1999,2000). PM,, was monitored at one location in Benton County,
the Tri-Tech Vocationa Center near the Hanford network's Vista Field meteorological monitoringsitein
Kennewick. The Benton Clean Air Authority currently conducts particulate monitoring at Tri-Tech
Vocationa Center to demonstrate compliance with EPA and Washington State standards (Table4.1-32).
During 2002, the maximum measured PM,, concentration was 149 ug/m’, while the second highest
measured concentration was 89 ug/m’ (EPA 2003). The annual average PM,, concentration reported for
Benton County was 23 ug/m’ (EPA 2003). The maximum measured PM, s concentration for Benton
County during 2002 was 37 pg/m’, while the 2002 annual average PM, 5 concentration was 6.4 pg/m’
(EPA 2003). These 2002 measured concentrations were below EPA and Washington State standards.

4174 Background Monitoring

Duringthelast 10 years, carbon monoxide, sulfur dioxide, and nitrogen dioxide have been monitored
periodically in communitiesand commercial areas southeast of Hanford. These urban measurements are
typically used to estimate the maximum background pollutant concentrationsfor the Hanford Site because
of the lack of specific onsite monitoring.

Particulateconcentrationscan reach relatively high levelsin eastern Washington because of
exceptional natural events(i.e., dust storms and large brushfires) that occur in the region. In June 1996,
EPA adopted the policy that alowsdust stormsto be treated as uncontrollable natural events (EPA 1996).
This meansthat EPA will not designateareas affected by dust stormsas nonattainment. However, states
are required to devel op and implement a natural events action plan.

4.34



Table4.1-33. Nonradioactive Constituents Discharged to the Atmosphere, 2002 Hanford Site,
Washington (Poston et al. 2003)

Release, kg (Ib)
Constituent 200 Areas 300 Area
Particulate matter 790 (1,738) 610 (1,342)
Nitrogen oxides 25,000 (55,000) 4,500 (9,900)
Sulfur oxides 2,700 (5,940) 35(77)
Carbon monoxide 17,000 (37,400) 11,000 (24,200)
Lead 0.47 (1.03) 0.0 (0.0)
Volatile organic
compounds © 5,800 (12,760) 700 (1,540)
Ammonia® 12,000 (26,460) NE ©
Other toxic air
pollutants " 2,600 (5,720) NE

(8 Theestimateof volatile organic compound emissions does not include emissionsfrom certain laboratory operations.

(b) Noneof these releases exceed any of theambient air quality standards.

(c) Produced from burning fossil fuels for steam generation and electrical generators, calculated estimates from the 200-
East and 200-West Areatank farms. and operation of the 242-A Evaporator and the 200 Areas Effluent Treatment
Facility.

(d) Ammoniareleases are from the 200-East Area tank farms, 200-West Area tank farms, and operation of the 242-A
Evaporator, and the 200 Areas Effluent Treatment Facility.

(e) NE= noemissions.

(f) Releasesare acomposite of calculated estimates of toxic air pollutants, excluding ammonia, from the 200-East and
200-West Areatank farms, and operation of the 242-A Evaporator and the 200 Areas Effluent Treatment Facility.

Areas that require more strict controls on air quality impacts are nonattainment areas and certain
national parksand wilderness areas called Federa Class| areas. Actions on the Hanford Site are unlikely
to produce air quality impacts that significantly affect these areas. The nearest nonattainment areato the
Hanford Site is the Wallula area (located approximately 30 km [20 mi] southeast of the Site), whichisa
nonattainment areafor PM,, (40 CFR 81.348, 66 FR 9663). The major source of PM,, in the Wallula
areaisfrom windblown dust. In making the nonattainment determination, EPA found that even if some
of the datafrom the Wallulamonitoring site are considered uncontrollable natural events and excluded
from consideration in determining the air quality status of the area, the remaining data still show that the
Wallulaarea has not attained the PM , national ambient air quality standard (66 FR 9663).

The nearest Federal Class | areas to the Hanford Siteare Mount Rainer National Park, located 160 km
(100 mi) west of the Site; Goat Rocks Wilderness Area, located approximately 145 km (90 mi) west of
the Site; Mount Adams Wilderness Area, located approximately 150 km (95 mi) southwest of the Site;
and Alpine Lakes Wilderness Area, located approximately 175 km (110 mi) northwest of the Site (40
CFR 81.434). Operationsat the Hanford Site have minimal effects on these Class| areas because of their
distance from the Site and because topography and prevailing winds tend to keep emissions from sources
on the Hanford Site away from the Class 1 areas.

4175 Onsite Monitoring

Monitoring of particulate matter mass concentrations in air on the Hanford Site began in February
2001. PM,, data have been collected at the Hanford Meteorological Station since February 2001, while
PM, 5 data collection began at the Hanford Meteorological Station in October 2001. Figure 4.1-4 shows
the daily average PM, concentrations recorded at the Hanford Meteorological Station during 2002. The
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Washington, 2002

highest 24-hr average PM,, concentration measured on the Hanford Site during 2002 was 408 pg/m’.
The observed annual average PM;, concentration at the Hanford Meteorologica Station during 2002 was
17 wg/m°>. The Benton Clean Air Authority conductsair-monitoringthat is responsiblefor determining
Benton County's compliancewith the EPA National Ambient Air Quality Standards (NAAQS), so
concentrationson the Hanford Site that are higher than the EPA standard for PM o are not considered to
be violationsof the EPA NAAQS. All of thedevated PM,, concentrations observed on the Hanford Site
during 2002 appeared to be aresult of high winds. The measured annual averagePM, s concentration at
the Hanford Meteorological Station during 2002 was 6 ug/m’, whilethe highest 24-hr average
concentration observed was 28.5 ug/m’. Both of these concentrationswere well below EPA standards
(Table 4.1-32).

418 Radiological Air Quality

Airborneeffluentsthat may contain radioactive constituentsare continually monitored at the Hanford
Site. Samplesare analyzed for grossalphaand gross beta activity as well as selected radionuclides.
Radioactive emissionsduring 2002 originated in the 100, 200, 300, and 400 Areas. 100 Areaemissions
originated from the K Basins (irradiatedfuel stored in two water-filled storage basins) and the Cold
Vacuum Drying Facility, where fuel from the K Basins was prepared for storage. 200 Areaemissions
originated from the PUREX Plant, the Waste Encapsulation and Storage Facility, the Plutonium Finishing
Plant, T Plant, 222-S L aboratory, underground storage tanks, and waste evaporators. Emissionsfrom the
300 Areaoriginated from the 324 Waste Technology Engineering Laboratory, 325 Radiochemical
Processing L aboratory, 327 Post-Irradiation Laboratory, and 340 Vault and Tanks. 400 Areaemissions
originated at the Fast Flux Test Facility (FFTF) and Maintenance and Storage Facility (Rokkan et al.
2003).



4181 Radiological Emissions

Standards for emissions of radionuclides from DOE facilities have been established by EPA (40 CFR
Part 61) and Washington State (WAC 173-480 and WAC 246-247). Emissions may not exceed quantities
that would result in adoseof 10 mrem in ayear to a maximally exposed member of the public. A
summary of radiological air emissionsfor 2002 is provided in Table 4.1-34.

4.1.8.2 DoseAssessments

In order to comply with the Clean Air Act (40 CFR 61, Subpart H), dose assessments are required to
assure that no member of the public receivesadose greater than 10 mrem in ayear. EPA requires the use
of an approved computer model to calculatedoses. During 2002, the estimated annual dose from
radionuclide air point source emissionsto a hypothetical maximally exposed individua (MEI) was0.023
mrem. Thiscalculated MEI scenario occurred to a member of the public living near Sagemoor Road in
Franklin County and was calculated using the EPA approved CAP88-PC computer model (EPA 2000).
Model results were calculated using established standard parameters for the Hanford Site (Rokkan et al.
2003). A maximum dose to an offsite individual from point sources and fugitive emissions was also
calculated using CAP88-PC. Thisdose calculation used environmental measurements to estimate diffuse
and fugitive emissions and then modeled atotal MEI dose. For 2002, this maximum annual dose to an
offsite individual occurred near Sagemoor Road in Franklin County and was 0.065 mrem.

Another maximally exposed individual doseisestimated annually to comply with DOE Order 5400.5
(DOE 1993b). This dose assessment uses a multi-media pathway assessment computer model known as
GENII (Napier et a. 1998). During 2002, the annual dose to a hypothetical maximally exposed
individual was estimated to be 0.022 mrem (Poston et. al 2003). ThisMEI dose was calculated for a
person living in the Riverview area of Pasco in Franklin County. The annual MEI dosefor an individual
living near Sagemoor Road was calculated to be 0.019 mrem using the GENII computer program.

4.1.8.3 Environmental Monitoring

Both the Surface Environmental Surveillance Project (SESP) and the near-facility environmental
monitoring project conduct Hanford Site environmental monitoring. The SESP conducts monitoring at
locations across the Hanford Site, as well asup and downwind locations. The near-facility monitoring
project primarily collects samples near known effluent sources. Summaries of the 2002 monitoring data
from both of these projects are available in the annual Hanford Site Environmental Report (Poston et. al.
2003). In general, the results from ambient monitoring supported the radiological effluent data shown in
Table4.1-34. For example, the 300 Area had the highest average tritium concentration measurements.
Also, the 100 and 200 Areas had plutonium-239140concentrations higher than other areas on and around
the Hanford Site.
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Table4.1-34. Radionuclides Discharged to the Atmosphereat the Hanford Site, Washington, 2002
(Poston et al. 2003)

Release, Ci®
Radionuclide | Half-Life | 100 Areas | 200-Fast | 200-West | 356 50 | 400 Area | 1€
Area Area Total

Tritium (as HT) 12.3 yr NM© NM NM 2.8 E+01 NM 2.8 E+01
Tritium (as HTO) ™ | 12.3 yr NM NM NM 8.8 E+01 1.9 E-02 8.8 E+01
Cobalt-60 5.3 yr ND ND'Y 9.3 E-10 ND NM 9.3 E-10
Krypton-85 10.8 yr NM NM NM 2.0 E-03 NM 2.0 E-03
Strontium-90 29.1 yr 12E-05° | 1.6E-04° | 28E-05'° | 9.5E-06" NM 2.1 E-04"¢
Technetium-99 213,000 yr NM NM NM ND NM ND
Ruthenium-106 373d ND ND 2.8 E-06 ND NM 2.8 E-06
Antimony- 125 277 yr ND 9.1 E-10 ND ND NM 9.1 E-10
1-129 1.6 x 107 yr NM 1.2 E-03 NM NM NM 1.2 E-03
Cesium-137 30 yr 2.2 E-05 6.2 E-05 1.1 E-05 54E-07 | 49E-06" | 1.0E-04"
Europium-152 13.5 yr ND ND 4.7 E-08 ND NM 4.7 E-08
Europium-155 4.8 yr ND 1.7E-07 ND ND NM 1.7 E-07
Radon-220 55.6 sec NM NM NM 5.0 E-01 NM 5.0E-01
Uranium-234 240,000 yr NM NM NM 1.9E-10 NM 1.9E-10
Uranium-235 7x 10° yr NM NM NM 53E-11 NM 53E-11
Uranium-238 4.5 x 10° yr NM NM NM 7.1 E-11 NM 7.1 E-11
Plutonium-238 87.7 yr 2.9E-07 ND 1.5 E-06 9.9E-10 NM 72E-07
Plutonium-239/240 | 24,000 yr 2.1E-06® | 14E-06® | 86E-05® | 7.1E-07® | 27E-07® | 9.0E-05"®
Plutonium-241 14.4 yr 2.5 E-05 8.8 E-07 8.4E-05 ND NM 4.5 E-05
Amercium-24] 432 yr 1.5 E-06 1.3 E-06 1.5 E-05 2.8 E-08 NM 7.2 E-06
Amercium-243 7,380 yr NM NM NM ND NM ND

(a) 1Ci=3.7E+10becquerels.
(b) HT = Elemental tritium; HTO = tritiated water vapor.
(¢) NM = Not measured.
(d) ND = Not detected (i.e., either the radionuclide was not detected in any sample during the year of the average of all the

measurements made for that given radionuclide or type of radioactivity during the year was below background levels).

(e) Thisvaueincludesgross beta release data. Gross beta and unspecified beta results were assumed to be strontium-90 in
dose calculations.

(f) Thisvalueincludes gross beta release data. Gross beta results were assumed to be cesium-137 in dose calculations.

(9) Thisvaueincludes gross alpharelease data. Gross alphaand unspecified alpha results were assumed to be plutonium-
2391240in dose calculations.

42 Geology
S.D. Cannon, S. Reidel, A. C. Rohay

The Hanford Site containsadl the main geologic elements of the ColumbiaBasin (DOE 1988). The

ColumbiaBasin is the area bounded by the Cascade Range to the west, the Rocky Mountainsto the
northeast, and the Blue Mountainsto the southeast (Figure4.2-1). Four major geologic processes,

occumng over millionsof years, formed the soil, rocks, and geologic features (ridges and valleys) at the
Columbia Basin and thereforethe Hanford Site. The area was flooded with numerous basaltic lavaflows
between 17 and 6 million years ago, followed by tectonicforcesthat folded the basalt. In thislandscape,

the ancestral Columbia River meandered across the arealeaving behind layersof sediment called the
Ringold Formation. About 12,000 years ago the area was inundated by a seriesdf Ice Agefloods

(including the Missoul afloods), which deposited more sediment in whét is referred to informally as the

Hanford formation.
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LavaFlows. Lavaflowserupted over a period of timefrom 17 to 6 million yearsago. Under the
Hanford Site, basaltic lavadeposits (Columbia River Basalt Group) are over 4 km (13,000 ft) thick
(Reidel and Hooper 1989), spreading over portionsof Idaho, Oregon, and Washington. The Columbia
Basin enclosesthe Columbia River Basalt Group. A depressionin thelower part of the ColumbiaBasin
isreferred to as the Pasco Basin. The Pasco Basin is bounded by the Saddle M ountainsto the north,
Naneum Ridge to the west, Rattlesnake Hillsto the south, and the Palouse Slope to the eest —generdly
the area north of where the Snake River flowsinto the Columbia River. Geographically, the ridges
surrounding the Hanford Site and vicinity define the Pasco Basin, which containsRingold Formation
sediment from the ancestral ColumbiaRiver and sediment deposited by the Ice Agefloods.

Crustal Folding. During and after the eruption of the lavaflows, the Earth's tectonicforces buckled
and folded the basalt in the western Columbia Basin into generally east-west trending, long, narrow ridges
(anticlines) and intervening valleys (synclines). Collectively, thisisidentified asthe Y akimaFold Belt.

Ancestral ColumbiaRiver Deposits. The ancestral Columbia River repeatedly changed its course
over the past 15 million years, depositinggravel, sand, silt, and clay (Tallman et al. 1981, Fecht et al.
1987, DOE 1988, Reidel et al. 1994, Lindsey 1996). Uplifting basalt ridgesdiverted the course of the
ColumbiaRiver from a southerly direction (toward Goldendal €) to an easterly one (toward WallulaGap)
and left behind the Ringold Formation (Fecht et al. 1987). Later regional uplift associated with the
Cascade Mountains caused the river to cut through its own earlier deposits (the Ringold Formation)
exposing the White Bluffs.

Within the Hanford Reach, the Columbia River continuesto erodethe White Bluffs. Groundwater
seepagefrom irrigation along the bluffs makes them unstable. Consequently, the White Bluffsare
landsliding and doughing into the Columbia River along much of the shoreline (Fecht et al. 1987).

Ice Age Floods. Thelast major geological event was the Ice Agefloods. The Ice Agefloods began
asearly as 2.5 million years ago (Bjornstad et al. 2001) with the most recent occurring 18,000-13,000
yearsago. During thefreezesand thawsthat occurred in the lce Age, an ice dam acrossthe Clark Fork
River in Montanaformed and failed many times, each time releasing awal of water that surged
southwest through the Columbia Basin, inundating the areathat is now the Hanford Site. Asthe water
moved across eastern Washington, it eroded the basalt, forming channelsaof barren rocky land referred to
as the Channeled Scabland. At other localitiessuch as avay from the main flood channels, the water
deposited bars of gravel and sand. The waste management facilitiesin the 200 Areas of the Hanford Site
are located on one prominent flood bar of sand and gravel, the Cold Creek bar (Bretz et al. 1956, DOE
1988). Wherethe waters pooled behind obstaclessuch as Wallula Gap, they |eft behind depositsof sand
and silt known as the Touchet Beds. Examples of Touchet Bed silt deposits are found in the Central
Plateau of the Hanford Siteat U.S. Ecology, Inc., near the 200 Areas.

Figure 4.2-2 shows the southern Pasco Basin under water during the largest Ice Ageflood. Ice Age
floods became hydraulically dammed behind WallulaGap, forming Lake Lewis. Thelargest and most
frequent floods came from glacia Lake Missoulain northwestern Montana. Other floods may have
escaped down-valley from glacial lakes, Clark and Columbia, aong the northern margin of the Columbia
Basin (Waitt 1980, Baker and Bunker 1985) or down the Snake River from glacial Lake Bonneville
(Made 1968, O’Connor 1993) or from subglacial outbursts (Shaw et al. 1999).
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Figure4.2-2. Floodin the vicinity of the Hanford Site, Washington, between 18,000-13,000
yearsago

Sincetheend of the Ice Age floods, winds have reworked the depositsof sand and silt, shifting them
into dune sands in the lower elevations and loess (windblown fine sand and silt) around the margins of the
Pasco Basin. Anchoring vegetation has stabilized many sand dunes. Where human activity has disturbed
this vegetation, dunes have been reactivated. More recently, many dunes were reactivated by the remova
of vegetation resulting from the June-July 2000fire at the Hanford Site.

The Hanford Site today isacompositeof what the lavaflows, earth's tectonic forces, river changes,
and Ice Agefloods of long ago left behind and the winds since then have reshaped. The resulting
landmasselements that affect and are affected by activities at the Hanford Site areits physical and
structural characteristics,and the strata and structureof its rocks.

421 Physcal and Structural Characteristics

The physical characteristicsof the Hanford Siteinclude the mountains, valleys, and riverbeds. These
arethelandmarksthat usually have recognizable names on topographical maps.

The structural geology of the Hanford Site demonstrates the pressureeffects on the landmass, which
have produced many of thelandmarks. The Earth's internal forces continually push and pressthe
landmassinto a variety of shapes. ridges (anticlines) and troughs (synclines) and associated faults.
Unlike the physical characteristicsthat definethelandscape, structural geology defines thefabric of a
landmass. Figure 4.2-3 showsthe physica and structural geology of the Hanford Site.

Thefabric of the Hanford Siteisdefined by the Palouse Slope and Yakima Fold Belt (DOE 1988).
The underlying basalt of the Palouse Slopedips gently toward the central ColumbiaBasin and exhibits
relatively mild structural deformation. A wedge of ColumbiaRiver basalt underlies the Palouse Slope
thinning gradually toward the east and north and 1apping onto the adjacent highlands.
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The YakimaFold Belt is the name collectively given to dl the ridges formed from the basalticlava
flowsthat arefound within the central and western parts of the ColumbiaBasin (DOE 1988). They area
result of tectonicforcescompressingthe basalticlavaflowsand overlying sediment into a series of ridges
(anticlines) and valleys(synclines). Typically, alargefault ison the north side of ridges wheretherock
broke asit wasfolded. The main ridges and troughs on the Hanford Site areaare asfollows:

e SaddleMountainisthe ridge that forms the northern boundary of the Pasco Basin and Hanford Site.
SaddleMountain is an east-west ridge about 110 km (68 mi) long and 5 km (3 mi) wide.

e Wahluke Slopeison the north side of the ColumbiaRiver. The Wahluke Slopeisa portion of the
trough (syncline) of basalt between Saddle Mountain and Umtanum Ridge. The 100 Areas at the
Hanford Site are located in this trough.

e Umtanum Ridge makes up the southern boundary of the Wahluke Slope. Gable Butte and Gable
Mountain are the parts of thisridge that lie between the 100 and 200 Areas. Gable Butteand Gable
Mountain are folded layers of rock that form both anticlines and synclinesand associated faults.

o RattlesnakeHillsand Rattlesnake Mountain, southwest of the Hanford Site, are al so the result of
folded rock layers (anticline). Rattlesnake Mountain, the highest of the Rattlesnake Hills, reachesan
elevation of 1110 m (3660 ft) above mean sealevel, the highest elevation in the area.

e Cold Creek syncline isthefolded trough of rock that lies between Umtanum Ridge and Y akima
Ridge. YakimaRidgeisoneof theanticlinesof the YakimaFold Belt. The Cold Creek bar, adeposit
of Ice Ageflood sediment, liesin thisarea.

422 Strataand Structureof Sediment and Rock

The strata and structure of the sediment and rocks that affect the Hanford Site are described in detail
in DOE (1988). Figure 4.2-4 showsthe variousstrata, their age, and epoch namesfor those geological
periods of time.

4221 ColumbiaRiver Basalt Group

The bedrock of the Hanford Site is volcanicrock (basalt). Beneath the Hanford Site lay a minimum
of 100 basdt flows with a maximum combined thicknessof more than 4 km (almost 13,000 ft) (DOE
1988), all part of the ColumbiaRiver Basalt Group.

To organize the many basalt depositsinto a consi stent nomenclature, geol ogists have named and
grouped them based on their physical and chemical properties. The basalt deposit closest to the surface at
the Hanford Site, and therefore most often referred to, is Saddle Mountains Basalt (Figure4.2-4). Saddle
Mountains Basdt consists of ten distinct basaltic lava deposits (members). The most recent basalt flow
underlying most of the Hanford Site is the Elephant Mountain Member of the Saddle MountainsBasalt.
A younger basdlt flow, the Ice Harbor Member, isfound in the southern portion of the site near the 300
Area (DOE 1988).

In addition to basalt, the Hanford Site has sedimentary formations. These are sediment (material that
settles to the bottom of aliquid) that often has hardened into rock. Some of the sediment at the Hanford
Siteisfound between the basaltic lavas and is called the Ellensburg Formation. The magjority of the
sediment is above the basalt with the Ringold Formation on the bottom, overlain by the Cold Creek unit,
and topped with the Hanford formation (Figure4.2-4). Understanding the formations, along with clastic
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Figure4.2-4. Strataof Rocksand Sediment at the Hanford Site, Washington

dikes and the soil of the Hanford Site, contributes to our understandingof how, for example,
contaminants might travel in the 100,200, and 300 Areas.

4222 Ellensburg Formation

The Ellensburg Formation is the sediment found interbedded with the ColumbiaRiver Basalt Group.
The Ellensburg Formation formed as early as 15.6 million years ago, athough the youngest portion on the
Hanford Site may have formed as recently as 8 million years ago (DOE 1988). The Ellensburg Formation
was created when volcanic rock and sediment from uplands surrounding the Columbia Plateau
interfingered with the basalt of the ColumbiaRiver Basalt Group (Swanson et al. 1979a, b). The thickest
accumulationsof the Ellensburg Formation lie along the western margin of the ColumbiaBasin. While
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deposition along the western margin was primarily from vol canic debrisflowsand related stream and
sheet floods, no vol canic debrisflows have been identified at the Hanford Site (Reidel et al. 1994).
Volcanicrock (formed from falling ash known as tuff) isthe dominant material in the Hanford Site
portion of the Ellensburg Formation. The Ellensburg Formation is commonly exposed along the ridges of
the Y akimaFold Belt.

4.2.2.3 Hanford Formation, Cold Creek Unit, and Ringold For mation

Sediments overlying basalt in the Pasco Basin and Hanford Site include the Ringold Formation, Cold
Creek unit, and the Hanford formation. These formationsare primarily exposed in the lower elevation
areas around the Hanford Site, including White Bluffs.

Ringold Formation. TheRingold Formation formed 8.5 million yearsago when the ancestral
Columbia River deposited gravel, sand, silt, and clay (Tallman et al. 1981, DOE 1988, Lindsey 1996).
For detailed descriptions of the Ringold Formation see DOE (1988) and Lindsey (1995, 1996).

Although tall exposures of the Ringold Formation are limited to White Bluffs (Figure4.2-5) within
the central Pasco Basin, and to Smyrna and Taunton Benchesalong Saddle Mountain north of the Pasco
Basin, extensive dataon the Ringold Formation are available from boreholes. The Ringold Formation at
the Hanford Siteis up to 185 m (600 ft) thick. Regionally, it hasacumulative thicknessup to 285 m (900
ft) (DOE 1988).

Cold Creek unit. TheCold Creek unit (DOE 2002b) includesall materia underlying the Hanford
formation, overlying the Ringold Formation in the vicinity of 200 West, and may extend over most of the
central Pasco Basin. The Cold Creek unit distinguishes itself from the Hanford and Ringold formations
because it wasformed when the Ringold Formation was eroding and relatively little was being deposited
at the Hanford Site. Thissubunitisfound locally in the Cold Creek syncline in the subsurface.
Distribution of the Cold Creek unit dependsin part on erosion and westhering of the underlying Ringold
Formation and post-depositional erosion by the Ice Agefloods (Slate 1996). The thicknessof the Cold
Creek deposit rangesfrom 0-20 m (0-66 ft). Locally the Cold Creek unit contains very hard rock that
formed as precipitation evaporated and | eft behind mineralsforming what geologistscall calicheor
hardpan. Thislayer can influence contaminant migration by slowingitsrate of downward movement and
potentially diverting contaminantslaterally (Slate 1996). However, this layer has no more influencethan
other layers. Thin, fine-grained layersin the Hanford formation also cause lateral migration (Serneet al.
2001a).

Hanfordformation. The Hanford formation istheinformal name for the stratathat lie on top of
Cold Creek unit above the Ringold Formation. The Ice Age floodsinundated the Hanford Site a number
of times beginning asearly as 1-2 million years ago (Bjornstad et al. 2001). Thelast mgor flood
sequence occurred about 13,000 yearsago. When the Ice Age floodwatersentered the Pasco Basin, they
quickly becameimpounded behind WallulaGap, which wastoo restrictive for the volume of water
involved. Floodwatersformed temporary lakes with shorelinesup to 381 m (1250 ft) in elevation. The
lakes lasted not more than afew days (O’Connor and Baker 1992). The deposits, known as the Hanford
formation, were |eft after the floodwater receded, blanket low-lying areas over most of the Hanford Site.

The Hanford formation isthickest in the vicinity of the 200 Areas whereit is up to 100 m (300 ft)
thick (DOE 2002b). Gravel, sand, and silt (Touchet Beds) dominate the Hanford formation (Reidel et al.
1992). Thedifferent sediment types of the Hanford formation commonly interfinger laterally. The
relative proportion of each sediment type at any given location is related to its distancefrom main high-
energy flowsat the time of deposition (DOE 1988). Generally, gravel was deposited in thecenter of the
Pasco Basin, while finer grained sand and silt were deposited along the marginsof the basin.
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Figure4.2-5. White Bluffsat the Hanford Site, Washington, Display River and Lake DepositsLeft
from the Ancestral ColumbiaRiver

4224 Clagtic Dikes

Clasticdikes are fissuresfilled with sand, silt, clay, and minor coarser debris. They are commonly
associated with, but not restricted to, Ice Ageflood depositsin the ColumbiaBasin. Many dikes occur as
sharp-walled, near-vertical tabular bodiesfilled with multiple layers of unconsolidated sediment. Thin
clay/silt linings separatethe marginsof dikesand internal layers (Fecht et al. 1999). Dikesvary in width
fromlessthan 1 mm (0.039 in.) to greater than 2 m (6.5 ft). Vertical extentsrangefrom lessthan 1 m (3
ft) to greater than 50 m (164 ft) with alarge number greater than 20 m (65 ft) (Fecht et al. 1999).

Clastic dikes are characteristicof unstable environments and tend to form when three conditions
exist: 1) astate of horizontal tension, leading to cracking, 2) the presenceof suitable source materials, and
3) excess pore-water pressure (Allen 1982). In glacial and subglacia environments, movement of a
glacier or ice sheet over saturated, unconsolidated, fine-grained sediment could lead to such conditions.

In warmer climates, such conditionscould have resulted from the rapid dewateringof saturated,
unconsolidated, fine-grained sediment in responseto atriggering event. Both seismic eventsand
hydraulicfracturing during flooding have been proposed as possible mechanismsfor the injections
(Lupher 1944, Alwin 1970, Obermeier 1996, Pogue 1998, Fecht et al. 1999). Newcomb (1962) suggested
that clastic dikesin the Touchet Beds resulted from upward injections of groundwater, caused by bank-
storage effluent when alarge lowering of Lake Lewiscreated a pressure differential. He suggested the
lowering could produce a hydraulic lift causing theinjection of water into an equi-dimensional
(polygonal) system of fractures. Later injectionsfollowed the established dike planes producingthe many
narrow beds of rock.

Clastic dikesare complex natural structures that under low-flow regimes (fewer than 10 mm/yr) may
facilitate contaminant migration, and under high-flow regimes (more than 100 mm/yr) may retard
migration of contaminants. Where large leaks have occurred, clastic dikes may also act as vertica cut-off
walls, limiting the extensivelateral spreading of contaminants caused by horizontal layers of Hanford
sediment (Murray et al. 2002,2003, Ward et al. 2002a, 2002b).
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4225 100 AreasStrataand Structure

The 100 Areasare located al ong the ColumbiaRiver in the northern portion of the Hanford Site
(Figure 4.0-1). With theexception of the 100-B/C Area, the 100 Areaslie on the north limb of the
Wahluke syncline. The 100-B/C Arealies over theaxis of thesyncline. Thetop of the basaltin the 100
Areasrangesin elevationfrom 46 m (150 ft) near the 100-H Areato -64 m (-210 ft) below sealevel near
the 100-B/C Area. The Ringold Formation and Hanford formation occur throughout thisarea. The Cold
Creek unit deposits have not been recognizedin the 100 Aress.

TheRingold Formation shows a marked west-to-east variation in the 100 Aress (Lindsey 1992). The
main channel of the ancestral ColumbiaRiver flowed aong thefront of Umtanum Ridge and through the
100-B/C and 100-K Areas beforeturning south to flow along thefront of Gable Mountain and/or through
the Gable Mountain-GableButte gap. This main channel deposited coarse-grained sand and gravel of the
Ringold Formation. Farther to the north and east, however, the Ringold sediment is gradually dominated
by thefine-grained silt deposits and associated ancient soil with the 100-H Area showing amost none of
thegravel areas.

4226 200AreasStrataand Structure

The geology in the 200 West Areais notably different from that in the 200 East Areaeven though
they are separated by adistance of only 6 km (4 mi) (DOE 1988) (Figure 4.0-1). The 200 West Areahas
sections containing al threeformationsincluding most of the Ringold Formation as well asthe Cold
Creek unit and the Hanford formation (DOE 1988).

In the 200 East Area, some of the Ringold Formationis present in the southern part but has been
completely eroded in the northern part. On the north side of the 200 East Area, the Hanford formation
restsdirectly on the basalt, and no Ringold sediment is present. Erosion by the ancestral ColumbiaRiver
and Ice Agefloodingare believed to have removed the Ringold Formationfrom thisarea. Material of
questionable origin overlies basalt within the B-BX-BY Waste Management Area (Wood et al. 2000).
This material may be equivalent or partially equivalentto the Cold Creek unit or it may represent the
earliestice-ageflood deposits overlain by alocally thick sequence of fine-grained non-flood deposits.
This unit isreferred to informally as Hanford-Cold Creek deposits.

4227 300 AreaStrataand Structure

The 300 Areaiislocated in the southeastern portion of the Hanford Site (Figure 4.0-1). The 300 Area
lies above a gentle syncline formed by the intersection of the Yakima Fold Belt and the undeformed
eastern ColumbiaBasin (DOE 1988). Over most of the Hanford Site, the uppermost basalt flows belong
to the Elephant M ountain Member, but near the 300 Area younger flows belongingto the |ce Harbor
Member of the Saddle Mountains Basalt are present, causing the overlying sediment layersto be
relatively thin (Schallaet al. 1988). Both Ringold Formation and Hanford formation sedimentisfound in
the 300 Area.

423 SurfaceSoils

Hajek (1966) describes 15 different surface soil types on the Hanford Site, varying from sand to silty
and sandy loam (Figure 4.2-6, Table 4.2-1). Variousclassifications,includingland use, areaso given in
Hajek (1966). The soil classificationsgiven in Hajek (1966) have not been updated to reflect current
reinterpretationsof soil classifications. Until the surface soilson the Hanford Site are resurveyed, the
descriptions presented in Hajek (1966) will continue to be used.
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Table4.2-1. Soil Types at the Hanford Site, Washington (Hajek 1966)

Name (symbol)

Description

Ritzville Silt Loam (Ri)

Dark-colored silt loam soil midway up the slopes of the Rattlesnake
Hills. Developed under bunch grass from silty wind-laid deposits
mixed with small amounts of volcanic ash. Characteristically
greater than 150 centimeters (60 inches) deep, but bedrock may
occur between 75 and 150 centimeters (30 and 60 inches).

Rupert Sand (Rp)

One of the most extensive soil types on the Hanford Site. Brown-to
grayish-brown coarse sand grading to dark grayish-brown at

90 centimeters (35 inches). Developed under grass, sagebrush, and
hopsage in coarse sandy aluvial deposits that were mantled by
wind-blown sand. Hummocky terraces and dune-like ridges.

Hezel Sand (He)

Similar to Rupert sands. However, laminated grayish-brown
strongly calcareous silt loam subsoil is usually encountered within
100 centimeters (39 inches) of the surface. Surface soil is very dark
brown and wasformed in wind-blown sands that mantled lake-laid
sediment.

Koehler Sand (Kf)

Similar to other sandy soil on the Hanford Site. Developed in a
wind-blown sand mantle. Differs from other sands in that the sand
mantles a lime-silica cemented hardpan layer. Very dark grayish-
brown surface layer is somewhat darker than Rupert. Calcareous
subsoil is usually dark grayish-brown at about 45 centimeters

(18 inches).

Burbank Loamy Sand (Ba)

Dark-colored, coarse-textured soil underlain by gravel. Surface soil
is usually about 40 centimeters (16 inches) thick but can be

75 centimeters (30 inches) thick. Gravel content of subsoil ranges
from 20 percent to 80 percent.

Ephrata Sandy Loam (El)

Surface isdark colored and subsoil is dark grayish-brown medium-
textured soil underlain by gravelly material that may continuefor
many feet. Level topography.

Lickskillet Silt Loam (Ls)

Occupies ridge slopes of Rattlesnake Hills and slopes greater than
765 meters (2509feet) elevation. Similar to Kiona series except the
surface soil isdarker. Shallow over basalt bedrock, with numerous
basalt fragments throughout the profile.

Ephrata Stony Loam (Eb)

Similar to Ephrata sandy loam. Differs in that many large
hummocky ridges are made up of debris released from melting
glaciers. Areas between hummocks contain many boulders several
feet in diameter.

KionaSilt Loam (Ki)

Occupies steep slopes and ridges. Surface soil is very dark grayish-
brown and about 10 centimeters (4 inches) thick. Dark-brown
subsoil contains basalt fragments 30 centimeters (12 inches) and
larger in diameter. Many basalt fragments are found in surface
layer. Basalt rock outcrops present. A shallow stony soil
normally occurring in association with Ritzville and Warden soils.
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Table42-1.  (cont'd)

Name (symbol) Description

Warden Silt Loam (Wa) Dark grayish-brown soil with a surface layer usually 23 centimeters
(9inches) thick. Silt loam subsoil becomes strongly calcareous
at about 50 centimeters (20 inches) and becomes lighter colored.
Granitic bouldersarefound in many areas. Usually greater than
150 centimeters (60inches) deep.

Scootney Stony Silt Loam (Sc) | Developed aong the north slope of Rattlesnake Hills, usually
confined to floors of narrow drawsor small fan-shaped areas where
draws open onto plains. Severely eroded with numerous basaltic
bouldersand fragments exposed. Surface soil is usually dark
grayish-brown grading to grayish-brownin the subsoil.

Pasco Silt Loam (P) Poorly drained very dark grayish-brown soil formed in recent
aluvia material. Subsoil is variable, consisting of stratified layers.
Only small areasfound on the Hanford Site, located in low areas
adjacent to the Columbia River.

Esgquatzel Silt Loam (Qu) Deep dark-brown soil formed in recent alluvium derived from loess
and lake sediment. Subsoil gradesto dark grayish-brown in many
areas, but color and texture of the subsoil are variable because of the
gratified nature of the alluvia deposits.

Riverwash (Rv) Wet, periodically flooded areas of sand, gravel, and boulder
deposits that make up overflowed islandsin the ColumbiaRiver and
adjacent land.

Dunesand (D) Miscellaneousland typethat consists of hills or ridges of sand-sized

particlesdrifted and piled up by wind. Areeither actively shifted or
so recently fixed or stabilized that no soil layers have devel oped.

424  Seismicity

The historic record of earthquakesin the Pacific Northwest datesfrom about 1840. The early part of
this record is based on newspaper reports of human perception of the shaking and structural damage as
classified by the Modified Mercali Intensity (MMI) scale; the early record is probably incomplete
because the region was sparsely populated. The historical record appearsto be complete since 1905 for
MMI V and since 1890for MMI VI (Rohay 1989). Seismograph networksdid not start providing
earthquakelocations and magnitudes of earthquakes in the Pacific Northwest until about 1960. A
comprehensivenetwork of seismic stationsthat provides accuratelocating information for most
earthquakesof magnitude >2.5 was installed in eastern Washington in 1969. DOE (1988) provides a
summary of the seismicity of the Pacific Northwest, a detailed review of the seismicity in the Columbia
Plateau region and the Hanford Site, and a description of the seismic networks used to collect the data.

Large earthquakes (magnitude M > 7) in the Pacific Northwest have occurred near Puget Sound,
Washington, and near the Rocky Mountains in eastern Idaho and western Montana. Two large
earthquakes occurred beneath Vancouver Island. Thefirst occurred in 1918 and had a maximum MM
VII (estimated magnitude M -7.0). The second earthquake occurred in 1946 and had a maximum MMI
VIl (over awider area) and magnitude M = 7.3. The depth of these early, large earthquakes beneath
Vancouver Idand is uncertain. Another large earthquake occurred at a depth of 53 km (33 mi) near
Olympia, Washington, in 1949 that had a maximum MMI V11l and a magnitudeM =7.1. A smaller (M =
6.5), deep (63 km [39 mi]) earthquake occurred in 1965 between Seattleand Tacoma. These events may




all be related to deformation within the subducting Juan de Fuca Plate at depth beneath the Vancouver
Island/Puget Sound region.

Two large events occurred on the eastern boundary of the Pacific Northwest, in the Rocky Mountains.
These were the 1959 Hebgen L ake earthquake in western Montana, which had a Richter magnitude of 7.5
and an MMI X, and the 1983 Borah Peak earthquake in eastern Idaho, which had a Richter magnitude of
7.3 and an MMI IX.

Closer to the Hanford Site, a significant large earthquake of uncertain location occurred in north-
central Washington in 1872. This event had an estimated maximum MMI ranging from VI1I to IX and an
estimated Richter magnitude of approximately 7.4. Thedistribution of intensities suggests a location
within a broad region between Lake Chelan, Washington, and the British Columbia border. Evidence of
landslides near Lake Chelan suggests a location near there.

February 28,2001, there was a moderate (M < 7), deep earthquake near Olympia (termed the
Nisgually earthquake). Thisearthquake was located at a depth of 52 km (32 mi) and had a magnitude of
6.8; reported ground shaking effects reached MMI VIII. Thisevent issimilar to thosein 1949 and 1965
described above. Actua ground motions from this earthquake measured at the Hanford Site are reported
at theend of this section.

Seismicity of the Columbia Plateau, as determined by the rate of earthquakes per areaand the
historical magnitude of these events, is relatively low when compared with other regions of the Pacific
Northwest, the Puget Sound area, and western Montana/eastern Idaho. Figure 4.2-8 showsthe locations
of all earthquakes that occurred in the Columbia Plateau before 1969 with an MMI of > V and a Richter
magnitude > 4, and Figure 4.2-9 shows the locations of all earthquakesthat occurred from 1969 to 2000
at Richter magnitudes> 3. The largest known earthquake in the Columbia Plateau occurred in 1936 near
Milton-Freewater, Oregon. This earthquake had a Richter magnitude of 5.75 and a maximum MM of
VII, and wasfollowed by a number of aftershocks indicating a northeast-trending fault plane.

Other earthquakes with Richter magnitudes > 5 and/or MMIs of VI occurred along the boundaries of
the Columbia Plateau in a cluster near Lake Chelan in 1872 extending into the northern Cascade Range,
in northern 1daho and Washington, and along the boundary between the western Columbia Plateau and
the Cascade Range. Three MM I V1 earthquakes have occurred within the Columbia Plateau, including
one event in the Milton-Freewater, Oregon region in 1921; one near Y akima, Washington in 1892; and
one near Umatilla, Oregon in 1893. In the central portion of the Columbia Plateau, the largest
earthquakes near the Hanford Site are two earthquakes that occurred in 1918 and 1973. These two events
were magnitude 4.4 and intensity V and were located north of the Hanford Site near Othello.

Earthquakes often occur in spatial and temporal clusters in the central Columbia Plateau and are
termed "' earthquake swarms.” The region north and east of the Hanford Siteisaregion of concentrated
earthquake swarm activity, but earthquake swarms have also occurred in severa locations within the
Hanford Site. The frequency of earthquakesin a swarm tends to gradually increase and decay with no
one outstanding large event within the sequence. Roughly 90% of the earthquakes in swarms have
Richter magnitudes of 2 or less. These earthquake swarms generally occur at shalow depths, with 75%
of the eventslocated at depths< 4 km (2.5 mi). Each earthquake swarm typically lasts several weeksto
months, consists of severa to 100 or more earthquakes, and the locations are clustered in an area5 to 10
km (3 to 6 mi) in lateral dimension. Often, the longest dimension of the swarm areais elongated in an
east-west direction. However, detailed locations of swarm earthquakes indicate that the events occur on
fault planes of variable orientation and not on a single, through-going fault plane.

4.51



-122°

Figure4.2-7.

I :
-120° -118° -116°
Earthquake MMI (Estimated Magnitude) km
QO Vv 40-4.7 — e —
VI 47-5.3 0O 50 100
VII 53-6.3

Historical Earthquake Activity of the Columbia Basin, Washington, and Surrounding
Areas Showing All Earthquakes between 1850 and March 20, 1969, with a Modified
Mercalli Intensity of V or Larger and/or a Richter Magnitudeof 4 or Larger (Rohay
1989)



-122° -120° -118°

49° [ .
i o
5 -] 2
e o g
I ® v° 3 °
o og 00 o
48 ° of
[y o ° ’ < Do A
:,' cO.% ‘ ° Spok
' $° (-] 'v «:mankt.:hee° o
o o PN\® ¢
47 ”;° ® &‘h’ o«i: J °
. Yakga e o0
o A -]
0 o B
46° :° ° Yo gyalla Walla
:
4 °
> °
45°| 8 GB
(<]
° o
o
n - _— |
-122° -120° -118°
Richter Magnitude km
o 3.0-39 ———————
O 4.0-49 0 50 100

O 50-54

Figure4.2-8. Earthquake Activity of the Columbia Basin, Washington, and Surrounding Areas as
Measured by Seismographs from March 20, 1969, to December 31,2000, with Richter
Magnitude 3 or Larger (UWGP 2001, CNSS 2001)

Earthquakes in the central Columbia Plateau aso occur to depths of about 30 km (18.6 mi). These
deeper earthquakes are less clustered and occur more often as single, isolated events. Based on seismic
refraction surveys in the region, the shallow earthquake swarms are occurring in the Columbia River
Basaltsand the deeper earthquakes are occurring in crustal layers below the basalts.



The spatial pattern of seismicity in the central Columbia Plateau suggests an association of the
shallow swarm activity with the east-west oriented Saddle Mountain anticline. However, this association
is complex, and the earthquakes do not delineate a throughgoing fault plane that would be consistent with
the faulting observed on this structure.

Earthquake focal mechanismsin the central Columbia Plateau generally indicate reverse faulting on
east-west planes, consistent with a north-south-directed maximum compressive stress and with the
formation of the east-west oriented anticlinal folds of the Y akima Fold Belt (Rohay 1987). However,
earthquakefoca mechanisms indicate faulting on a variety of fault plane orientations.

Earthquake focal mechanisms along the western margin of the Columbia Plateau also indicate north-
south compression, but here the minimum compressive stress is oriented east to west, resulting in strike-
slip faulting (Rohay 1987). Geologic studies indicate an increased component of strike-slip faulting in the
western portion of the Y akima Fold Belt. Earthquake focal mechanismsin the Milton-Freewater region
to the southeast indicate a different stress field, one with maximum compression directed east-west
instead of north-south.

Estimates for earthquake potential of structures and zones in the central Columbia Plateau have been
developed during the licensing of nuclear power plants at the Hanford Site. In reviewing the operating
license application for the Washington Public Power Supply System WNP-2 (now Energy Northwest
Columbia Generating Station), the U.S. Nuclear Regulatory Commission (NRC) concluded that four
earthquake sources should be considered for seismic design: the Rattlesnake-Wallula alignment, Gable
Mountain, afloating earthquake in the tectonic province, and a swarm area (NRC 1982).

For the Rattlesnake-Wallula alignment, which passes along the southwest boundary of the Hanford
Site, the NRC estimated a maximum Richter magnitude of 6.5; for Gable Mountain, an east-west structure
that passes through the northern portion of the Hanford Site, a maximum Richter magnitude of 5.0 was
estimated. These estimates were based upon the inferred sense of dlip, the fault length, and/or the fault
area. The floating earthquake for the tectonic province was devel oped from the largest event located in
the Columbia Plateau, the Richter magnitude 5.75 Milton-Freewater earthquake. The maximum swarm
earthquakefor the purpose of Columbia Generating Station seismic design was a Richter magnitude 4.0
event, based on the maximum swarm earthquake in 1973. (The NRC concluded that the actual magnitude
of thisevent was smaller than estimated previously.)

Probabilistic seismic hazard analyses have been used to determine the seismic ground motions
expected from multiple earthquake sources, and these are used to design or evaluate facilities on the
Hanford Site. The most recent Hanford Site-specific hazard analysis (Geomatrix 1994, 1996) estimated
that 0.10 g (1 g isthe acceleration of gravity) horizontal acceleration would be experienced on average
every 500 yr (or with a 10% chance every 50 yr). This study also estimated that 0.2 g would be
experienced on average every 2500 yr (or with a 2% chance in 50 yr). These estimates are in approximate
agreement with the results of national seismic hazard maps produced by the U.S. Geological Survey
(USGS 1996).

The February 28,2001, Nisqually earthquake in Puget Sound was recorded by a network of strong
motion accelerographs at the Hanford Site. Peak horizontal accelerations measured ranged from 0.0016
t00.0055 g. These levels of ground shaking are considerably less than the design and evaluation values
described above (PNNL Seismic Monitoring Team 2001).
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4.3 Hydrology
P.D. Thorne,D. G. Horton, and G. V. Last

Hydrology considerations at the Hanford Site include surface water, the vadose zone, and
groundwater. The vadose zone is the unsaturated or partially saturated region between ground surface
and the saturated zone. Water in the vadose zone is called soil moisture. Groundwater refers to water
within the saturated zone. Permeable saturated units in the subsurface are called aquifers.

431 SurfaceWater

Surface water at Hanford includes the Columbia River, Columbiariverbank seepage, springs, and
ponds. Intermittent surface streams, such as Cold Creek, may also contain water after large precipitation
or snowmelt events. In addition, the Yakima River flows along a short section of the southern boundary
of the Hanford Site (Figure 4.3-1), and thereis surface water associated with irrigation east and north of
the Site.

4311 ColumbiaRiver

The Columbia River isthe second largest river in the contiguous United Statesin terms of total flow
and is the dominant surface-water body on the Hanford Site. The original selection of the Hanford Site
for plutonium production and processing was based, in part, on the abundant water provided by the
ColumbiaRiver. The existence of the Hanford Site has precluded development of this section of the
river.

Originating in the Canadian Rockies of southeastern British Columbia, Canada, the Columbia River
drains atotal areaof approximately 680,000 km* (262,480 mi?) en route to the Pacific Ocean. Most of the
Columbia River isimpounded by 11 dams within the United States: 7 upstream and 4 downstream of the
Hanford Site. Priest Rapidsisthe nearest upstream dam, and McNary isthe nearest downstream dam.
Lake Wallula, the impoundment created by McNary Dam, extends upstream past Richland, Washington,
to the southern part of the Hanford Site. Except for the Columbia River estuary, the only unimpounded
stretch of the river in the United States is the Hanford Reach, which extendsfrom Priest Rapids Dam
downstream approximately 82 km (51 mi) to the McNary Pool, north of Richland, Washington. The
Hanford Reach of the Columbia River was recently incorporated into the land area established asthe
Hanford Reach National Monument.

Flows through the Hanford Reach fluctuate significantly and are controlled primarily by releases from
three upstream storage dams: Grand Coulee, Mica, and Keenleyside. Storage dams on tributaries of the
ColumbiaRiver aso affect flows. Flowsin the Hanford Reach are directly affected by releases from
Priest Rapids Dam; however, Priest Rapids operates as a run-of-the-river dam rather than a storage dam.
Flows are controlled from purposes of power generation and to promote salmon migration. The Vernita
Bar Agreement (signed June 16, 1988, by the U.S. Department of Energy, federal and state agencies,
Tribal governments, and public utility districts in Grant, Chelan, and Douglas counties) was created to
prevent salmon eggsin the Hanford Reach from being left high and dry. Columbia River flow rates near
Priest Rapids during the 83-year period from 1917 to 2000 averaged nearly 3360 m*/s (120,000 ft¥/s).
Daily average flows during this period ranged from 570 to 19,500 m*/s (20,000 to 690,000 ft*/s). The
lowest and highest flows occurred before the construction of upstream dams. During the 10-year period
from 1991 through 2000, the average flow rate was al so about 3360 m*/s (120,000 ft*/s). Daily average
flowsfor the period 1992 through April 2003 are plotted in Figure 4.3-2.
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Figure4.3-2. Average Daily Flow for the Columbia River below Priest Rapids Dam, Washington,
from January 1992 through April 2003 (datafrom USGS 2003)

During 1996 and 1997, exceptionally high spring runoff resulted from larger than normal snowpacks.
The highest daily average flow rate during 1997 was nearly 11,750 m*/s (415,000 ft*/s) (USGS 2002).
Peak daily average flow during 2000 was 6476 m’/s (228,700 ft*/s). Averagedaily flows for 2002 are
plotted in Figure 4.3-3. Asnoted, both Figures 4.3-2 and 4.3-3 include provisional datafrom the U.S.
Geological Survey that have not yet been reviewed and are subject to change. ColumbiaRiver flows
typically peak from April through June during spring runoff from snowmelt and are lowest from
September through October. Asaresult of daily fluctuationsin discharges from Priest Rapids Dam, the
depth of theriver varies significantly over a short time period. River stage changes of up to 3 m (10 ft)
during a 24-hr period may occur along the Hanford Reach (Poston et al. 2000). The width of the river
varies from approximately 300 m (1000 ft) to 1000 m (3300 ft) along the Hanford Reach. The width also
varies temporally as the flow rate changes, which causes repeated wetting and drying of an areaalong the
shoreline.

The primary uses of the Columbia River include the production of hydroelectric power, irrigation of
cropland in the Columbia Basin, and transportation of materials by barge. The Hanford Reach isthe
upstream limit of barge traffic on the mainstem Columbia River. Barges are used to transport reactor
vessels from decommissioned nuclear submarines to Hanford for disposal. Several communities|ocated
along the Columbia River rely on the river astheir source of drinking water. The ColumbiaRiver isalso
used as asource of both drinking water and industrial water for several Hanford Site facilities (Dirkes
1993). In addition, the Columbia River is used extensively for recreation, including fishing, hunting,
boating, sailboarding, water-skiing, diving, and swimming.
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Figure4.3-3. Average Daily Flow for the Columbia River during Calendar Y ear 2002 (data
from USGS 2003)

4.3.1.2 Water Quality of the ColumbiaRiver

The water quality of the Columbia River is relatively good and meets U.S. Geological Survey
(USGS) standards for a Class-A surface-water body (Poston et al. 2000). Class-A waters are to be
suitablefor essentially all uses, including raw drinking water, recreation, and wildlife habitat. State and
federal drinking water standards apply to the Columbia River and are currently being met (Section 6.2.2).

During 1999, the USGS measured several water quality parameters at Vernita Bridge, upstream of
Hanford Site operations areas, and at the Richland pumphouse, which isdownstream of the Hanford Site.
Sample locations are shown in Figure 4.3-4. Total dissolved solids measured near the Hanford Site
during 1999 ranged from 71 to 99 mg/L and total dissolved nitrogen ranged from 0.16 to 0.37 mg/L.
Dissolved oxygen ranged from 10 to 14 mg/L and pH was 7.7 t0 8.2. There were no significant
differences between upstream and downstream samples for these parameters. The results are presented in
Poston et al. (2000).

Pacific Northwest National Laboratory (PNNL) measured both radiological and nonradiological
constituents at Priest Rapids Dam and at the Richland pumphouse. Additional samples were taken at
transects of the river and at near-shore locations at Vernita Bridge, 100-F Area, 100-N Area, the Old
Hanford Townsite, and the 300 Area. Results are presented in Bisping (2000) and summarized in Poston
et a. (2000). Sample locations are shown in Figure 4.3-4. These data show an increase in tritium, nitrate,
strontium-90, uranium, and iodine-129 along the Hanford Reach. All these constituents are known to be
entering the river from contaminated groundwater beneath the Hanford Site (Section 4.3.4.2).
Measurementsof tritium along transects showed higher concentrations near the Benton County shoreline
(where Hanford operations are located) for samples at the 100-N Area, the Old Hanford Townsite, the 300
Area, and the Richland pumphouse.
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Other sources of pollutants entering the river are irrigation return flows and groundwater seepage
associated with irrigated agriculture. The USGS (1995) documented nitrate groundwater contamination
in Franklin County, which also seeps into the river along the Hanford Reach. However, in spite of
pollutants introduced from both the Hanford Site and other sources, dilution in the river resultsin
contaminant concentrationsthat are well below drinking water standards (Poston et al. 2000).

43.1.3 YakimaRiver

The Yakima River, which follows a small length of the southwestern boundary of the Hanford Site,
has much lower flows than the Columbia River. The average flow, based on nearly 60 years of daily flow
records, isabout 104 m¥/s (3712 ft*/s), with an average monthly maximum of 490 m%s (17,500 ft*/s) and
minimum of 4.6 m*/s (165 ft*/s). Exceptionally high flows were observed during 1996 and 1997. The
highest average daily flow rate during 1997 was nearly 1300 m*/s (45,900 ft*/s). Averagedaily flow
during 2000 was 89.9 m*/s (3176 ft'/s). Average daily flowsfrom 1992 through April 2003 are plotted in
Figure4.3-5. Thisfigureincludes provisional data from the USGS that have not yet been reviewed and
are subject to change. The Y akima River System drains surface runoff from approximately one-third of
the Hanford Site. Contaminant plumesfrom the Hanford Site do not reach the Y akima River and,
because the elevation of the river surface is higher than the adjacent water table (based on well water-
level measurements), groundwater is expected to flow from the Y akima River into the aquifer underlying
the Site rather than from the aquifer into the river (Thorne er al. 1994).
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Figure4.3-5. Average Daily Flow for the Y akima River, Washington, from 1992 through April
2003 (datafrom USGS 2003)



4314 Springsand Streams

Several springs are found on the slopes of the Rattlesnake Hills along the western edge of the Hanford
Site (DOE 1988). The Nature Conservancy of Washington, in its Biodiversity Inventory and Analysis of
the Hanford Site - 1997 Annua Report (Hall 1998), documented an alkaline spring at the east end of
Umtanum Ridge. Rattlesnake and Snively springsform small surface streams. Water discharged from
Rattlesnake Springs flows down Dry Creek for about 3 km (1.6 mi) before disappearing into the ground
(Figure 4.3-1). Cold Creek and itstributary, Dry Creek, are ephemeral streams within the Y akima River
drainage system in the southwestern portion of the Hanford Site. These streams drain areas to the west of
the Hanford Site and cross the southwestern part of the Sitetoward the Y akima River. When surface flow
occurs, it infiltrates rapidly and disappears into the surface sediments in the western part of the Site. The
ecological characteristics of these systems are described in Section 4.4.2.2.

4.3.1.5 ColumbiaRiverbank Seepage

The seepage of groundwater into the Columbia River has been known to occur for many years.
Riverbank seeps were documented along the Hanford Reach long before Hanford operations began
(Jenkins 1922). In the early 1980s, researchersidentified 115 springs along the Benton County shoreline
of the Hanford Reach (McCormack and Carlile 1984). Seepage occurs both below the river surface and
on the exposed riverbank, particularly at low-river stage. The seeps flow intermittently, apparently
influenced primarily by changesin river level. In many areas, water flows from the river into the aguifer
at high river stage and then returnsto theriver at low river stage. This" bank-storage phenomenon has
been numerically modeled for the 100 H Area (Hartman et al. 2001).

In areas of contaminated groundwater, seeps and springs are also generally contaminated. However,
the concentrations in seeping water along the riverbank may be lower than groundwater because of the
bank-storage phenomenon. Elevated levels of contaminants have also been detected in near shore
samples downstream from riverbank seeps (Poston et al. 2000). Riverbank seeps are monitored for
radionuclides at the 100-N Area, the Old Hanford Townsite, and the 300 Area. Hanford-origin
contaminants have been documented in some of these seeps (Peterson and Johnson 1992, Poston et al.
2000). Detected radionuclides include strontium-90, technetium-99, iodine-129, uranium-234, -235, and
-238, and tritium. Detected chemicalsinclude arsenic, chromium, chloride, fluoride, nitrate, and sulfate.
Volatile organic compounds were near or below the detection limits. Results of these samples are listed
in Bisping (2000) and summarized in Poston et al. (2000). Water samples are also collected along the
100-N shoreline a monitoring well 199-N-46 and at shoreline seepage wells. A strontium-90
concentration higher than the 1000 pCi/L (37.34 Bq/L) derived concentration guide was reported in 1999
for one of these seepage-monitoring wells (Poston et al. 2000). There were no visible riverbank seepsin
the vicinity of thiswell. Concentrations of radionuclides including tritium, technetium-99, and iodine-
129 in riverbank seeps near the Old Hanford Townsite have generally been increasing since 1994. Thisis
an area where amajor groundwater plume from the 200 East Areaintercepts the river. However, tritium
concentration has declined since 1997. This decline may be due to the effects of radioactive decay and/or
less wastewater disposal, resulting in the groundwater tritium plume moving at a slower velocity.

4316 Runoff and Net Infiltration

Total estimated precipitation over the Pasco Basin is about 9 x10° m® (3.2 x 10'° ft*) annually (DOE
1988). Thiswascalculated by multiplying the average annual precipitation averaged over the Pasco
Basin by the 4900 km? (1900 mi?) basin area. Precipitation varies both spatially and temporally with
higher amounts generally falling at higher elevations. As noted in Section 4.1.3, annual precipitation
measured at the Hanford Meteorology Station (HMS) has varied from 7.6 cm (3in.) to 31.3cm (12.3in.)



since 1945. Mogt precipitation occursduring the late autumn and winter, with more than haf of the
annual amount occumng from November through February. Mean annua runoff from the Pasco Basinis
estimated a <3.1 x 10" m*/yr (1.1 x 10° ft’/yr), or approximately 3% of thetotal precipitation (DOE
1988). Most of the remaining precipitation is lost through evapotranspiration. However, some
precipitation that infiltratesthe soil isnot lost to evaporation or transpiration and eventually rechargesthe
groundwater flow system.

4317 Flooding

Large ColumbiaRiver floods have occurred in the past (DOE 1987), but thelikelihood of recurrence
of large-scaleflooding has been reduced by the construction of several flood controllwater-storagedams
upstream of the Hanford Site. Major floods on the Columbia River are typicaly the result of rapid
melting of the winter snowpack over a wide area augmented by above-normal precipitation. The
maximum historical flood on record occurred June 7, 1894, with a pesk dischargeat the Hanford Site of
21,000 m*/s (742,000ft%s). Thefloodplain associated with the 1894 flood is shown in Figure4.3-6. This
floodplain area was cal culated by modeling based on topographic cross-sectionsacross the river channel
(ERDA 1976). The largest recent flood took place in 1948 with an observed pesk dischargeof 20,000
m?/s (700,000ft%s) at the Hanford Site. The probability of flooding at the magnitudeof the 1894 and
1948 floods has been greatly reduced because of upstream regulation by dams (Figure4.3-7). The
exceptionally high runoff during the spring of 1996 resulted in a maximum discharge of nearly 11,750
m®/s (415,000 ft*/s) (USGS 2002).

Thereare no Federal Emergency Management Agency (FEMA) floodplain maps for the Hanford
Reach of the Columbia River. FEMA only maps devel oping areas, and the Hanford Reach has been
specificaly excluded because the adjacent land is primarily under federal control.

Evaluationof flood potential isconducted in part through the concept of the probable maximum
flood, which is determined from the upper limit of precipitation falling on adrainage area and other
hydrologic factors, such as antecedent moisture conditions, snowmelt, and tributary conditions, that could
result in maximum runoff. The probable maximum flood for the Columbia River downstream of Priest
Rapids Dam has been calculated to be 40,000 m%/s (1.4 million ft¥/s) and is greater than the 500-year
flood. The floodplain associated with the probable maximum flood is shown in Figure 4.3-8. Thisflood
would inundate parts of the 100 Areas located adjacent to the ColumbiaRiver, but the central portion of
the Hanford Site would remain unaffected (DOE 1986).

The U.S. Army Corpsof Engineers (Corps) (1989) has derived the Standard Project Flood with both
regulated and unregulated peak dischargesgiven for the Columbia River downstream of Priest Rapids
Dam. Frequency curvesfor both natural (unregulated)and regulated peak discharges are also given for
the same portion of the ColumbiaRiver. The regulated Standard Project Flood for this part of theriveris
given as 15,200 m*/s (54,000ft*/s) and the 100-year regulated flood as 12,400 m*/s (440,000 ft%/s). A
map for the 100-yr flood areais available (DOE/RL 1998) but impactsto the Site are negligibleand
would be less than the probable maximum flood (Figure4.3-8).

Potential dam failureson the Columbia River have been evaluated. Upstream failurescould arise
from a number of causes, with the magnitudedf the resulting flood depending on the degree of breaching
a thedam. The Corpsevaluated a number of scenarioson the effects of failuresof Grand Coulee Dam,
assumingflow conditions of 11,000 m®/s (400,000ft%s). For emergency planning, they hypothesized that
25% and 50% breaches, the " instantaneous” disappearancedf 25% or 50% of the center section of the
dam, would result from the detonation of nuclear explosivesin sabotage or war. The dischargeor
floodwave resulting from such an instantaneous 50% breach &t the outfall of the Grand Coulee Dam was
determined to be 600,000 m*/s (21 million ft¥s). In addition to the areasinundated by the probable
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maximum flood (Figure4.3-8), the remainder of the 100 Aresas, the 300 Area, and nearly all of Richland,
Washington, would be flooded (DOE 1986, see also ERDA 1976). No determinations were madefor
failuresof dams upstream, for associated failuresdownstream of Grand Coulee, or for breaches>50% of
Grand Couleg, for two principal reasons:

1. The50% scenario was believed to represent the largest redistically conceivableflow
resulting from either a natural or human-induced breach (DOE 1986), i.e., it was hard to imaginethat a
structure as large as Grand Coulee Dam would be 100% destroyed instantaneously.

2. It wasalso assumed that a scenario such as the 50% breach would occur only as the result
of direct explosivedetonation, and not because of a natura event such as an earthquake, and that even a
50% breach under these conditionswould indicate an emergency situation in which there might be other
overriding major concerns.

The possibility of alandslideresulting in river blockage and flooding a ong the ColumbiaRiver has
been examined for an area bordering the east side of the river upstream of thecity of Richland. The
possiblelandslidearea considered was the 75-m- (250-ft-) high bluff generally known as White Bluffs.
Calculations were madefor an 8 x 10° m® (Ax 10° yd3) |anddlide volume with a concurrent flood flow of
17,000 m*/s (600,000 ft*/s) (a 200-year flood), resulting in a floodwave crest elevation of 122 m (400 ft)
above mean sealevel. Areasinundated upstream of such alandslide event would be similar to those
shown in Figure 4.3-8 (DOE 1986).

There have been fewer than 20 mgjor floods on the Y akima River since 1862 (DOE 1986). The most
severe occurred in November 1906, December 1933, May 1948, and February 1996; discharge
magnitudesat Kiona, Washington, were 1870, 1900, 1050, and 1300 m°/s (66,000, 67,000, 37,000, and
45,900ft%/s), respectively. Averageflow of the YakimaRiver is 104 m*/s (165 ft¥/s), and the average
monthly maximum is 490 m*/s (17,500t/s). The recurrenceintervalsfor the 1933 and 1948 floods are
estimated at 170 and 33 years, respectively. The development of irrigation reservoirs within the Yakima
River Basin has considerably reduced the flood potentia of theriver. The southern border of the Hanford
Site could be susceptibleto a 100-year flood on the Y akima River (Figure 4.3-9).

In 1980, aflood risk analysisdf Cold Creek was conducted as part of the characterization of a basaltic
geologic repository for high-level radioactive waste. Such design work is usualy done according to the
criteriadf Standard Project Flood or probable maximum flood, rather than the worst-case or 100-year
flood scenario. Therefore, in lieu of 100- and 500-year floodplain studies, a probable maximum flood
evaluation was performed (Skaggs and Walters 1981). The probable maximum flood discharge rate for
the lower Cold Creek Valey was 2265 m¥/s (80,000 ft/s) compared to 564 m*/s (19,900ft%s) for the 100-
year flood. Modelingindicated that State Route (SR) 240 aong the Site's southwestern and western areas
would not be usable (Figure4.3-10). Thisareawas delineated using the U.S. Army Corps of Engineers
HEC-2 Water Surface Profiles mode.

4.3.1.8 Non-RiverineSurface Water

Currently active ponds on the Hanford Site are shown in Figure4.3-1. There are no currently active
ditcheson the Hanford Site. Ponds include West Lake and the 200 Areas Treated Effluent Disposal
Facility (TEDF) disposal ponds.

West Lakeis north of the 200 East Areaand isa natural feature recharged from groundwater
(Gephardtet al. 1976, Poston et al. 1991). West Lake has not received direct effluent dischargesfrom
Sitefacilities, rather, itsexistenceis caused by the intersection of the elevated water table with the land
surfacein the topographically low area. Water levelsof West Lake fluctuate with water table elevation,
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which isinfluenced by wastewater dischargein the 200 Areas. The water level and size of the lake has
been decreasing over the past several years because of reduced wastewater discharge (Section 4.3.3.1).
Thereis unsubstantiated information that sewage sludge may have been dumped in the vicinity of West
Lakein the 1940s, and this has beencited as the reason for elevated dissolved solids and nitrate in the
lake water (Emery and McShane 1978, Meinhardt and Frostenson 1979). However, it is possible that the
concentration of salts resulted from evaporation of groundwater at the lake, which has no outlet. Total
dissolved solids are approximately 15,000 mg/L, and pH is over 9. Nitrate and anmonia concentrations
of about 1.8 and 2.6 mg/L, respectively, have been reported, which are higher than freshwater lakes, but
lower than other akaline lakesin Washington such as Soap Lake and Lake Lenore. West Lake contains
relatively high levels of uranium that are thought to be from natural sources concentrated by evaporation
in the lake (Poston et al. 1991). Recent sampling results for West Lake are presented in Poston et al.
(2000).

TEDF in the 200 Areas consists of two disposal ponds. These ponds are each 0.02 km? (0.008 mi?) in
sizeand receive industrial wastewater permitted in accordance with Ecology's State Waste Discharge
Permit Program (WAC 173-216). The wastewater percolates into the ground from the disposal ponds.

The Nature Conservancy (Hall 1998) documented the existence of several naturally occurring verna
ponds near Gable Mountain and Gable Butte. These ponds appear to occur where adepression is present
inarelatively shallow buried basalt surface. Water collects within the depression over the winter
resulting in ashallow pond that dries during the summer months. The formation of these pondsin any
particular year depends on the amount and temporal distribution of precipitation and snowmelt events.
The vernal ponds range in size from about 20 ft x 20 ft to 150ft x 100ft (6.1 m x 6.1 mto 45.73 m x 30.5
m), and were found in three clusters. Approximately 10 were documented at the eastern end of Umtanum
Ridge, 6 or 7 were observed in the central part of Gable Butte, and 3 werefound at the eastern end of
Gable Mountain. (See Figure 4.0-1 for Gable Mountain, Gable Butte, and Umtanum Ridge locations.)

Other than rivers and springs, there are no naturally occurring bodies of surface water adjacent to the
Hanford Site. However, there are artificia wetlands, caused by irrigation, on the east and west sides of
the Wahluke Slope, which lies north of the Columbia River. Hatcheries and irrigation canals constitute
the only other artificial surface water in the Hanford Site vicinity. The Ringold Hatchery islocated just
south of the Hanford Site boundary on the east side of the Columbia River.

432 Hanford SiteVVadoseZone

At the Hanford Site, the thickness of the vadose zone rangesfrom 0 m (O ft) near the Columbia River
to greater than 100 m (328 ft) beneath parts of the central plateau (Hartman 2000). Unconsolidated
glacio-fluvial sands and gravels of the Hanford formation make up most of the vadose zone. In some
areas, however, such as west and south of 200 East Areaand in some of the 100 Aress, the fluvial-
lacustrine sediments of the Ringold Formation make up the lower part of the vadose zone.

M oisture movement through the vadose zone is important at the Hanford Site because it isthe driving
force for migration of most contaminants to the groundwater. Radioactive and hazardous wastesin the
soil column from past intentional liquid-waste disposals, unplanned leaks, solid waste buria grounds, and
underground tanks are potential sources of continuing and future vadose zone and groundwater
contamination. Contaminants may continue to move downward for long periods (tens to hundreds of
years depending on recharge rates) after termination of liquid waste disposal.

Except for the State Approved Land Disposal Site (the 200 Area Treated Effluent Disposal Facility
ponds), and septic drain fields, artificia recharge to the vadose zone ended in the mid-1990s. Currently,



the major source of recharge is natural precipitation. Natural infiltration in the vadose zone causes older
preexisting water to be displaced downward by newly infiltrated water. The amount of recharge at any
particular site is highly dependent on the soil type and the presence of vegetation. Usually, vegetation
reduces the amount of infiltration through the biologica process of transpiration.

Although most natural recharge is probably uniform flow (Jones et al. 1998), the vadose zone
stratigraphy influences the movement of liquid through the soil column. Where conditions are favorable,
lateral spreading of liquid effluent and/or local perched water zones may develop. Perched water zones
form where downward moving moisture accumulates on top of low-permeability soil lenses or highly
cemented horizons.

Preferential flow may also occur along discontinuities, such as clastic dikesand fractures. Clastic
dikes are acommon geologic feature in the suprabasalt sediments at the Hanford Site. Their most
important feature istheir potential to either enhance or inhibit vertical and lateral movement of
contaminants in the subsurface, depending on textural relationships. Fecht et al. (1998) give the most
recent compilation of information known about clastic dikes in the Pasco Basin.

Subsurface source characterization, sediment sampling and characterization, and vadose zone
monitoring are employed to describe the current and future configuration of contamination in the vadose
Zone.

4321 VadoseZone Contamination

The Hanford Site has more than 800 past-practice liquid-disposal facilities. Radioactiveliquid waste
was discharged to the vadose zone through reverse (injection) wells, French drains, cribs, ponds, trenches,
and ditches. Over the last 56 years, 1.5 to 1.7 billion m* (396 to 449 billion gal) of effluent were
disposed to the soils (Gephart 1999). Most effluent was released in the 200 Areas. The major
groundwater contaminant plumes emanating from the 200 Areas are tritium and nitrate. The major source
for both was discharges resulting from chemical processing.

Also of concern are technetium-99 and iodine-129 which, like tritium and nitrate, are mobile in
groundwater. The major sources of technetium-99 and iodine-129 were dischargesto liquid disposal
facilities. Vadose zone sourcesfor these contaminants almost certainly remain beneath many past-
practice disposal facilities. However, other than physical sasmpling and laboratory analysis, there are no
currently available monitoring techniques for tritium, nitrate, technetium-99 and iodine-129 in the vadose
zone.

Approximately 280 unplanned releases in the 200 Areas also contributed contaminantsto the vadose
zone (DOE 1997a). Many of these were from underground tanks and have contributed significant
contamination to the vadose zone. In addition, approximately 50 active and inactive septic tanks and
drain fields and numerous radioactive and non-radioactive landfills and dumps have impacted the vadose
zone (DOE 1997a). Thelandfills are and were used to dispose of solid wastes, which, in most instances,
are easier to locate, retrieve, and remediate than are liquid wastes.

One hundred forty-nine single-shell tanks and 28 double-shell tanks have been used to store high-
level radioactive and mixed wastes in the 200 Areas. The wastes resulted from uranium and plutonium
recovery processes and, to a lesser extent, from strontium and cesium recovery processes. Sixty-seven of
the single-shell tanks are assumed to have leaked an estimated total of 2839 to 3975 m® (750,000 to
1,050,000 gal) of contaminated liquid to the vadose zone (Hanlon 2001). The three largest tank leaks
were 435,320 L (115,000 gal), 37,850 to 1,048,560 L (10,000 to 277,000 gal), and 265,980 L (70,365
gal). The average tank leak was between 41,640 and 60,565 L (11,000 and 16,000 gal) (Hanlon 2001).



Cooling water from the single-pass reactors along the Columbia River was routinely routed to
retention basins prior to return to theriver. Thermal shock from the hot cooling water cracked the basins
so that much of the cooling water leaked into the vadose zone. In addition, trenches were used for
disposal of cooling water from 100-KE, 100-KW, and 100-N Reactors. The disposed cooling waters
contained fission and neutron activation products and some chemicals and actinides. Of biggest concern
aretheimpacts of tritium, strontium-90, nitrate, and chromium migrating through the vadose zone to
groundwater, and ultimately, to the ColumbiaRiver. Chromium isactively being remediated at the 100-K
and 100-H Areas by pump-and-treat methods and in the 100-D/DR Area by pump-and-treat and in situ
redox methods (Hartman et al. 2001).

Highly contaminated cooling water, such as water that had contacted broken fuel rods, was routed to
trenches rather than being directly returned to the river. These fluids contained large quantities of fission
and neutron activation products.

L eakage from fuel-storage basins in the 100-K Area also contributes potential significant inventories
of fission products, transuranics, and carbon-14 to the soil column (Johnson et al. 1995). Thus, both past-
practice sites and fuel-storage basin leakage are potential vadose zone sources of contaminantsin the 100
Aress.

The amount of contamination remaining in the vadose zone is uncertain. Several compilations of
vadose zone contamination have been formulated through the past years. DOE (1997a) and Kincaid et al.
(1998) contain the most recent inventories of contaminants disposed to past-practice liquid disposal
facilitiesin the 200 Areas. Dorian and Richards (1978) list contaminant inventories disposed to most 100
Area past-practice facilities. Agnew (1997) and Anderson (1990) list inventories of effluents sent to
single-shell tanks. Most recently, MacTec-ERS has issued a series of reports that estimate the curies of
gamma emitting radionuclides and the volumes of contaminated soil associated with each single-shell
tank farm. (A seriesof online reports on the Hanford Tank Farm Vadose Zone Project are available at:
http://www.doeg.ipo.com/I>rograms/hanf/HTFVZ.html) Their estimatesfor all locations for the three
most widespread contaminants are 8901 Ci of Cesium-137 in 395,550 m® of soil, 0.8611 Ci of Europium-
154 in 30,133 m* of soil, and 0.7424 Ci of Cobalt-60 in 74,369 m° of soil.

Further information on vadose zone characterization and monitoring activities on the Hanford Siteis
available online at http://vadose.pnl.gov and http:Nwww.hanford.gov/cp/mp/ as well asin Ward and Gee
(2000), Horton and Randall (2000), Hartman et al. (2001) and Serne et al. (2001a, b, c).

433 Groundwater

Groundwater is one component of the hydrologic cycle. Groundwater beneath the Hanford Site
originated as either natural recharge from rain and snowmelt, or as artificial recharge from excess
irrigation, canal seepage, and wastewater disposal. The groundwater will eventually return to the surface
environment as discharge to springs and seepage into rivers and streams, through evaporation from
shallow water table areas, or brought to the surface through wells or excavations; however, it may take
many thousands of yearsfor groundwater in deeper aguifers to reach the surface.

4331 Hanford Site Aquifer System

Groundwater beneath the Hanford Siteisfound in both an upper unconfined aguifer system and
deeper basalt-confined aquifers. The unconfined aquifer system isalso referred to as the suprabasalt
aquifer system becauseit is within the sediments that overlie the basalt bedrock. Figure 4.2-4 exhibitsa
stratigraphic column showing the relative positions of the basalts and overlying sediments. Portions of



the suprabasalt aquifer system are locally confined. However, because the entire suprabasalt aquifer
system isinterconnected on a site-wide scale, it is referred to in this report as the Hanford unconfined
aquifer system.

Basalt-Confined Aquifer System. Relatively permeable sedimentary interbeds and the more porous
tops and bottoms of basalt flows provide the confined aguifers within the Columbia River Basalts. The
horizontal hydraulic conductivities of most of these aquifersfall in the range of 10"° to 10 m/s (3x 10™'°
to 3 x 10 ft/s). Saturated but relatively impermeable dense interior sections of the basalt flows have
horizontal hydraulic conductivities ranging from 10"* to 10 m/s (3x 107" to 3 x 107 ft/s), about five
orders of magnitude lower than some of the confined aquifersthat lie between these basalt flows (DOE
1988). Hydraulic-head information indicates that groundwater in the basalt-confined aquifers generally
flows toward the Columbia River and, in some places, toward areas of enhanced vertical communication
with the unconfined aquifer system (Hartman et al. 2001, DOE 1988, Spane 1987). The basalt-confined
aquifer system isimportant because there is a potential for significant groundwater movement between
the two systems. Head relationships presented in previous reports (DOE 1988) demonstrate the potential
for such communication. In addition, limited water chemistry data indicate that interaquifer leakage has
taken placein an areaof increased vertical communication near the Gable Mountain anticlinal structure,
north of the 200 East Area (Graham et al. 1984, Jensen 1987).

Unconfined Aquifer System. The unconfined aquifer system is composed primarily of the Ringold
Formation and overlying Hanford formation described in Section 4.2. In some areas, pre-Missoula
gravels (distantly derived subunit) of the Plio-Pleistocene unit lie between these formations and below the
water table. The other subunits of the Plio-Pleistocene unit are generally above the water table.

Groundwater in the unconfined agquifer at Hanford generally flows from recharge areas in the elevated
region near the western boundary of the Hanford Site toward the Columbia River on the eastern and
northern boundaries. The Columbia River is the primary discharge areafor the unconfined aquifer. A
map showing water table elevations for the Hanford Site and adjacent areas across the Columbia River is
shown in Figure 4.3-11. The Y akima River borders the Hanford Site on the southwest and is generally
regarded as a source of recharge. Along the Columbia River shoreline, daily river level fluctuations may
result in water table elevation changes of up to 3 m (10 ft). During the high river stage periods of 1996
and 1997, some wells near the Columbia River showed water level changes of more than 3 m (10ft). As
the river stage rises, a pressure wave is transmitted inland through the groundwater. The longer the
duration of the higher river stage, the farther inland the effect is propagated. The pressure waveis
observed farther inland than the water actually moves. For the river water to flow inland, the river level
must be higher than the groundwater surface and must remain high long enough for the water to flow
through the sediments. Typically, thisinland flow of river water is restricted to within several hundred
feet of the shoreline (McMahon and Peterson 1992).

Geeet al. (1992) and Fayer et al. (1996) estimate that recharge rates from precipitation range from
near zero to over 100 mm/year. Recharge is highly variable both spatially and temporally. It is highest
for coarse-textured soils bare of deep-rooted vegetation and in years with rapid snowmelt events and
precipitation during cool months. The magnitude of recharge a a particular location isinfluenced by five
main factors: climate, soils, vegetation, topography, and springs and streams. Events such as the 24
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Command Fire that burned vegetation from a large portion of the Hanford Site during the summer of
2000 also affect recharge rates. Fayer et al. (1996) used several types of field dataand computer
modeling to estimatethe areal distribution of mean recharge ratesfor the soil and vegetation conditionsat
the Hanford Site, including any disturbanceby Hanford operations.

Between 1944 and the mid-1990s, the volume of artificial rechargefrom Hanford wastewater disposa
was significantly greater than the natural recharge. An estimated 1.68 x 10'* L (4.44 x 10" gal) of liquid
was discharged to disposal ponds, trenches, and cribsduring this period. Wastewater discharge has
decreased since 1984 and currently contributesa volume of rechargein the same range as the estimated
natural recharge from precipitation. Becauseof the reduction in discharges, groundwater levelsare
falling, particularly around the operational areas (Hartman 2000).

After the beginning of Hanford operationsin 1943, the water table rose about 27 m (89 ft) under the
U Pond disposdl areain the 200 West Areaand about 9.1 m (30 ft) under disposal ponds near the 200
East Area. The volumeof water that was discharged to the ground at the 200 West Areawas actually less
than that discharged at the 200 East Area. However, the lower conductivity of the aquifer near the 200
West Areainhibited groundwater movement in thisarea resulting in a higher groundwater mound. The
presence of the groundwater mounds locally affected the direction of groundwater movement, causing
radia flow from the discharge areas. Zimmerman et al. (1986) documented changesin water table
elevationsbetween 1950 and 1980. Until about 1980, the edge of the mounds migrated outward from the
sources over time. Groundwater levels have declined over most of the Hanford Site since 1984 because
of decreased wastewater discharges (Hartman 2000). Although the reduction of wastewater discharges
has caused water levelsto drop significantly, aresidual groundwater mound beneath the 200 West Areais
still shown by the curved water table contoursnear this area (Figure 4.3-11) and small groundwater
moundsexist near the 200 Areas Treated Effluent Disposal Facility and the State-approved|and disposal
structure wastewater disposal sites. The contour interval in Figure4.3-11 istoo large to show these
groundwater mounds.

Horizontal hydraulic conductivitiesof sand and gravel facies within the Ringold Formation generally
range from about 10™ to 10™* m/s (0.9 to 9 ft/d), compared to 10~ to 10~ m/s (1000 to 10,000 ft/d) for the
Hanford formation (DOE 1988). Becausethe Ringold sediments are more consolidated and partially
cemented, they are about 10 to 100 times less permeabl e than the sediments of the overlyingHanford
formation. Before wastewater disposal operations at the Hanford Site, the uppermost aquifer was mainly
within the Ringold Formation, and the water table extended into the Hanford formation at only afew
locations(Newcomb et al. 1972). However, wastewater dischargesraised the water table elevation across
the Site. The general increasein groundwater elevation caused the unconfined aquifer to extend upward
into the Hanford formation over alarger area, particularly near the 200 East Area. Thisresulted in an
increasein groundwater velocity because of both the greater volume of groundwater and the higher
permeability of the newly saturated Hanford sediments.

Limitationsof Hydrogeologiclnformation. The sedimentary architecture of the unconfined aquifer
is very complex because of repeated deposition and erosion. Although hundreds of wells have been
drilled on the Hanford Site, many penetrate only a small percentagedf the total unconfined aquifer
thickness, and there are alimited number of useful wellsfor defining the deeper sediment facies. A
number of relatively deep wellsweredrilled in the early 1980s as part of a study for a proposed nuclear
power plant (PSPL 1982), and these dataare helpful in definingfacies architecture. For most of the
thinner and less extensive sedimentary units, correlation between wellsiseither not possible or uncertain.
Major sand and gravel unitsof the Ringold Formation (e.g., UnitsA, B, C, D, and E) are separated by
mud-dominated units. In some placesthe mud units act as aquitards that locally confine groundwater in
deeper permeabl e sediments.



A limited amount of hydraulic property datais available from testing of wells. Hydraulic test results
from wells on the Hanford Site have been compiled for the Hanford Groundwater Monitoring Project and
for environmental restoration efforts (Connelly et al. 1992(a,b), Kipp and Mudd 1973, Thorne and
Newcomer 1992, Thorne et al. 1993, Thorne et al. 1994). Depths of the tested intervals have been
correlated with the top of the unconfined aquifer as defined by the water table elevations presented in
Newcomer et al. (1991). Most hydraulic tests were done within the upper 15 m (49 ft) of the aquifer, and
many were open to more than one geologic unit. In some cases, changes in water table elevation may
have significantly changed the unconfined aquifer transrnissivity at awell since the time of the hydraulic
test. Few hydraulic tests within the Hanford Site unconfined aquifer system have yielded reliable
estimates of aquifer-specific yield.

Groundwater ResidenceTimes. Tritium and carbon-14 measurements indicate that residence or
recharge time (length of time required to replace the groundwater) takes tens to hundreds of yearsfor
spring waters. Recharge takes from hundreds to thousands of yearsfor the unconfined aquifer and more
than 10,000 yearsfor groundwater in the shallow confined aquifer (Johnson et al. 1992). However,
groundwater travel time from the 200 East Areato the Columbia River has been shown to be much faster,
in the range of 10to 30 years (USGS 1987, Freshley and Graham 1988). Thisis because of large
volumes of recharge from wastewater that was disposed in the 200 Areas between 1944 and the mid-
1990s and the relatively high permeability of Hanford formation sediments, which are below the water
table between the 200 Areas and the Columbia River. Residencetimes in this portion of the aquifer are
expected to increase because of the reduction in wastewater recharge in the 200 Areas. Chlorine-36 and
noble gasisotope data suggest groundwater ages greater than 100,000 years in the deeper confined
systems (Johnson et al. 1992). Theserelatively long residence times are consistent with semiarid-site
recharge conditions.

Hydrology East and North of the ColumbiaRiver. The Hanford Site boundary extends east and
north of the Columbia River to provide a buffer zone for non-Hanford activities such as recreation and
agriculture. Hanford Site activities in these areas have not impacted the groundwater. However, the
groundwater in thisareaisimpacted by high artificial recharge from irrigation and canal leakage. The
South ColumbiaBasin Irrigation District manages surface water used to irrigate land east and north of the
Columbia River. Artificia recharge has increased water table elevationsin large areas of the Pasco
Basin, in some places by as much as 92 m (300 ft) (Drost et al. 1989).

There are two genera hydrologic areas that impinge upon the Hanford Site boundaries to the east and
north of theriver. The eastern areaextends from north to south between the lower slope of Saddle
Mountain and the Esgquatzel Diversion canal and includes the Ringold Coulee, White Bluffsarea, and
Esquatzel Coulee. The water table occursin the Pasco gravels of the Hanford formation in both Ringold
and Esquatzel Coulees. Brown (1979) reported that runoff from spring discharge at the mouth of Ringold
Coulee is>37,850 L/min (10,000 gal/min). Elsewhere in thisarea, the unconfined aquifer isin the less-
transmissive Ringold Formation. Irrigation has also created perched aquifers and resulted in a series of
springs issuing from perched water along the White Bluffs. The increased hydraulic pressure in these
sediments has caused subsequent slumping and landslides (Brown 1979, Newcomer et al. 1991).

The other principal irrigated areais the northern part of the Pasco Basin on the Wahluke Slope, which
lies between the Columbia River and the Saddle Mountain anticline. Irrigation on Wahluke Slope has
created ponds and seeps in the Saddle Mountain Wildlife Refuge. The direction of unconfined
groundwater flow is southward from the basalt ridges toward the Columbia River. Bauer et al. (1985)
reported that lateral water table gradients are essentially equal to or dightly less than the structural
gradients on the flanks of the anticlinal fold mountains where the basalt dips steeply.
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434  Groundwater Quality

4341 Natural Groundwater Quality

The natural quality of groundwater & the Hanford Site varies depending on the aquifer system and
depth, which generally isrelated to residencetimein theaquifer. Background water quality (i.e.,
unaffected by Hanford discharges) for the unconfined aquifer isdiscussed in DOE (1992a), DOE (1997b),
and Hartman (2000). The DOE (1997b) study involved examination of historical dataand new datafrom
wellsin areas not affected by Hanford Site contaminants.

Groundwater chemistry in the basalt-confined aquifers displays a range depending on depth and
residencetime (DOE 1988). The chemica type variesfrom a calcium and magnesium-carbonate water to
a sodium- and chloride-carbonatewater. Some of the shallower basalt-confined aquifersin the region
(e.g., the Wanapum basalt aquifer) have exceptionally good water quality characteristics: <300 mg/L
dissolved solids; <0.1 mg/L iron and magnesium; <20 mg/L sodium, sulfate, and chloride; and <10 ppb
heavy metals (Johnson et al. 1992). However, deeper basalt-confinedaquiferstypicaly have high
dissolved solids content and some have fluoride concentrations over the drinking water standard of 5
mg/L (DOE 1988).

4342 Groundwater Contamination and Monitoring

Groundwater beneath large areas of the Hanford Site has been impacted by radiological and chemical
contaminants resulting from past Hanford Site operations. These contaminants were primarily introduced
through wastewater discharged to cribs, ditches, injection wells, trenches, and ponds (Kincaid et al.
1998). Additional contaminantsfrom spills, leaking waste tanks, and buria grounds (landfills) have also
impacted groundwater in some areas. Contaminant concentrations in the existing groundwater plumesare
expected to declinethrough radioactive decay, chemical degradation, and dispersion. However,
contaminants al so exist within the vadose zone beneath waste sites (Section 4.3.2) as well asin waste
storage and disposal facilities. These contaminants have a potential to continueto move downward into
the aquifer. Some contaminants, such as tritium, move with the groundwater while the movement of
other contaminantsis slower because they react with or are sorbed on the surface of minerals within the
aquifer or the vadose zone. Groundwater contamination is monitored and is being actively remediated in
severa areasthrough pump-and-treat operations. These are summarized in Hartman et al. (2001).

Monitoring of radiological and chemical constituentsin groundwater at the Hanford Siteis performed
to characterize physical and chemical trendsin theflow system, establish groundwater quality baselines,
assess groundwater remediation, and identify new or existing groundwater problems. Groundwater
monitoring is also performed to verify compliance with applicableenvironmental laws and regulations.
Sampl es were collected from approximately 700 wellsduring fiscal year (FY') 2000 to determinethe
distributionsof radiological and chemical constituentsin Hanford Site groundwater. Detailed results and
interpretationsare presented in Hartman et al. (2001).

To assessthe quality of groundwater, concentrations measured in samples were compared with
maximum contaminant levels (MCL) or interim Drinking Water Standards (DWS) and DOE’s Derived
Concentration Guides (DCG). The MCL or DWS standards are legal limits for contaminant
concentrationsin public drinking water supplies enforceable by the Washington State Department of
Health or EPA. Although these standards are only applicable a the point of consumption of the
groundwater, they provide a useful indicator of negative impactsto the groundwater resource. The DCG
appliesonly to radionuclidesand is based on the concentration that would result in a dose exposure of
100-mrem/year through ingestion under specified intake scenarios.



Radiological constituentsincluding carbon-14, iodine-129, strontium-90, technetium-99, grossal pha,
gross beta, tritium, and uranium were detected at | evelsgreater than the DWS in one or more onsite wells.
Concentrationsaf strontium-90, tritium, and uranium were detected at levels greater than DOE’s DCG.
Certain nonradioactive chemicals regulated by EPA and the State of Washington (nitrate, fluoride,
chromium, cyanide, carbon tetrachloride, chloroform, trichloroethylene, and tetrachl oroethylene) were
also present in Hanford Site groundwater. Table4.3-1 shows maximum concentrations of groundwater
contamination detected at Hanford for 2000. Figure4.3-12 showsthe extent of radiological
contamination in Hanford Site groundwater above the applicable DWS, and Figure 4.3-13 showsthe
extent of chemical constituentsabovethe applicableDWS. Theareaof contaminant plumeson the
Hanford Site with concentrati onsexceeding drinking water standards was estimated to be 231 km® (89.2
mi®) in fiscal year 2000. Thisis-9% smaller than the estimatefor fiscal year 1999. Thedecreaseis
primarily due to shrinkage of the tritium plumefrom the 200 East Area, which was caused primarily by
radioactive decay.

435 100 AreasHydrology

The hydrology of the 100 Areasis affected by their location adjacent to the Columbig River. The
water table rangesin depth from near 0 m (0 ft) at the river edgeto 30 m (107 ft). The groundwater flow
directionis generally toward the river. However, during high river stage, theflow direction may reverse
immediately adjacent to theriver. The unconfined aquiferin the 100 Areasis composed of either the
Ringold Unit E gravelsor acombination of the Unit E gravelsand the Hanford formation. Asshownin
Figure 4.3-14, there are two large areas where the water tableis within the Ringold Formation (Lindsey
1992), and the Hanford formation is unsaturated. In the 100-H and 100-F Areas, the Ringold Unit E
gravels are missing, and the Hanford formation lies directly over the fine-grained Ringold lower-mud
unit. In most of the 100 Areas, the lower Ringold mud forms an aquitard, and the Ringold gravels below
the mud are locally confined. Additional information on the hydrology of the 100 Areasisavailablein
Hartman and Peterson (1992) and Peterson et al. (1996). A number of studies of varioussitesin the 100
Areas present specific hydrologicinformation. Theseinclude: 100-B/C Area- Lindberg (1993a); 100-D
Area- Lindsey and Jaeger (1993); 100-F Area- Lindsey (1992), Peterson (1992); 100-H Area- Liikala et
al. (1988), Lindsey and Jaeger (1993); 100-K Area- Lindberg (1993b); and 100-N Area- Gilmoreet al.
(1992), Hartman and Lindsey (1993).

436 200 AreasHydrology

In the 200 West Area, the water table occursamost entirely in the Ringold Unit E gravels, whilein
the 200 East Area, it occurs primarily in the Hanford formation and in the Ringold Unit A gravels. Along
the southern edge of the 200 East Area, the water tableisin the Ringold Unit E gravels. The upper
Ringold facies were eroded in most of the 200 East Areaby the Missoulafloods that subsequently
depositedHanford gravelsand sands on what was left of the Ringold Formation. Because the Hanford
formation sand and gravel depositsare much more permeablethan the Ringold gravels, the water tableis
relatively flat in the 200 East Area, but groundwater flow velocitiesare higher. On the north sideof the
200 East Area, thereisevidence of erosiona channelsthat may allow communication between the
unconfined and uppermost basalt-confined aquifer (Graham et al. 1984, Jensen 1987).
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Table 4.3-1. Maximum Concentrations of

on the Hanford Site, Washington, during Fiscal Year 2000 (Hartman et al.

2001)
100-B/C 100-K 100-N 100-D 100-H 100-F 200 West
Contaminant DWS or MCL

(alphabetical order) [DCG]® Units _ Wells _Shore® Wells Shore® Wells hore® Wells __Shore® Wells __Shore® Wells hore Wells
Carbon tetrachloride 5 ng/L 7,900
Carbon-14 2,000 [70,000] pCi/L 35,600 639
Cesium-137 200 [3,000] pCi/L undetected
Chloroform 100 ng/L 250
Chromium (filtered) 100 g/L 77 115 474 76 122 34 2,260 641 178 49 208 23 542
Cobalt-60 100 [5,000] pCi/L
Cyanide 200 ng/L
cis-1,2 Dichloroethene 70 ng/L
Fluoride 4 mg/L 0.25 9.8
Gross alpha 15 pCi/L 131 692
Gross beta 50 pCi/L 133 67.1 22,300 4.4 21,500 3,680 10.5 593 21 553 15.8 23,000
lodine-129 1 [500] pCi/L 52
Manganese (filtered) 50 g/L 5,320
Nitrate (as NO,) 45 mg/L 30 39 98 22 104 18 100 18 387 60 144 54 1,213
Nitrite (as NO,) 33 mg/L 23 36
Plutonium NA [30] pCi/L undetected
Strontium-90 8 [1,000] pCi/L 66 17 6,970 ND 17,700 14,700 8.5 4.8 55 9.6 265 1.5 74.3
Sulfate 250 mg/L 370 38 744
Technetium-99 900 [100,000] pCi/L 1,070 63,700
Tetrachloroethene 5 ng/L
Trichloroethene 5 ng/L 8 18 32
Tritium 20,000 [2,000,000] pCi/L 39,900 36,600 1,360,000 6,660 45,000 29,100 20,000 15,700 5,580 978 36,900 1,450 2,940,000
Uranium ' 30 [790] ng/L 157 20 2,100

Note: Table lists highest concentration for fiscal year 2000 in each geographic region. Concentrations in bold exceed drinking water standards. Concentrations in bold italic exceed DOE derived concentration guides. Blank
spaces indicate the constituent is not of concern in the given area. Multiply pCi/L by 0.03704 to obtain Bq/L.

(a) DWS = drinking water standard; MCL = maximum contaminant level; DCG = DOE derived concentration guide. See Hartman 2000 for more information on these standards.
(b)  Shoreline sampling includes aquifer sampling tubes, seeps, and shoreline wells from fall 1999. 200 East Area plumes monitored at Old Hanford Townsite.

(c)  Well typically showing highest concentrations near 216-B-5 injection well not sampled in fiscal year 2000.
(d)  Uranium standard of 30 pg/L becomes effective December 2003
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200 East 400 600 618-11 Richland North
Contaminant DWS or MCL
(alphabetical order) [DCGI®), Llnits Wells—_Shore®. Wells. Wells. Wells, Share® Wells. Wells.
Carbon tetrachloride 5 ng/L 1
Carbon-14 2,000 [70,000] pCi/L
Cesium- |37 200 [3,000] pCilL 122@
Chloroform 100 ng/L 77
Chromium (filtered) 100 ug/L 3480 200
Cobalt-60 100 [5,000] pCi/L 78.2
Cyanide 200 ng/L 411
cis-1,2 Dichloroethene K} ng/L m
Fluoride 4
Gross alpha 1. pCi/L 240 60.2 228 30
Gross beta 50 pCi/lL 10,300 48.6 49 74
Todine- 129 1 [500] pCi/L 12.1 0.41
Manganese (filtered) 50 ng/L 141 6.5
Nitrate (as NO,") =S mg/L BZ 36 92 54 101 29 149 203
Nitrite (as NO,) 33 mg/L [e==] 39
Plutonium NA [30] pCiv/L 9.4@
Strontium-90 8 [1,000} pCi/L 1,2109 0.28
Sulfate 250 mg/L
Technetium-99 900 [100,000] pCi/L 13,300 120
Tetrachloroethene 5 ug/L 0.65
Trichloroethene S ug/L T.4 35 37
Tritium 20,000 [2,000,000] pCi/L 2,510,000 106,000 58,800 65,900 11,600 11,300 8,380,000 546
Uranium ¥ 30 [790] ug/L 353 234 301 30.8 13.6

Basalt-Confined

Wells.

5,770

Note: Table lists highest concentration for fiscal year 2000 ineseb geographic region. Concentrations in bold exceed drinking water standards. Concentrations in bold italic exceed DOE derived concentration guides. Blank
spaces indicate the constituent is not of concern in the given area. Multiply pCi/L by 0.03704 to obtain Bq/L.
(6) DWS = drinking water standard; MCL = maximum contaminant level; DCG = DOE derived concentration guide. See Hartman 2000 for more information on these standards.

(b)  Shoreline sampling includes aquifer sampling tubes, seeps, and shoreline wells from fall 1999. 200 East Area plumes monitored at Old Hanford Townsite.

(€)  Well typically showing highest concentrations n w 216-B-5 injection well not sampled in fiscal year 2000.

(d)  Uranium standard of 30 pg/L becomes effective December 2003




Figure4.3-12. Digribution of Major Radionuclidesin Groundwater on the Hanford Site,
Washington, at Concentrations above the Maximum Contaminant L evel or
Interim Drinking Water Standard during Fiscal Year 2000 (Hartman et al. 2001)

4.80



Figure 4.3-13. Distribution of Major Hazardous Chemicalsin Groundwater on the Hanford Site,
Washington, at Concentrations above the Maximum ContaminantLevel or Interim
Drinking Water Standard during Fiscal Y ear 2000 (Hartman et al. 2001)

4.81



8F

(é

Legend

Water Table in Ringold Gravels
Water Table in RIngold Fines

Basalt above Water Table

Water Table in Hanford formation

« O OO

Well Location

1 2 Miles

1 2 z  Kilometers

77-34 100 F

Figure4.3-14. Geologic Units Intersected by the Water Tablein the 100 Areas, Hanford Site, Washington
(modified from Lindsey 1992)



The hydrology of the 200 Areas has been strongly influenced by the discharge of largequantities of
wastewater to the ground over a 50-year period. Those discharges have caused elevated water levels
across much of the Hanford Site resulting in a large groundwater mound beneath the former U Pond in the
200 West Area and a smaller mound beneath theformer B Pond, east of the 200 East Area. Water table
changesbeneath 200 West Area have been greatest because of the lower transmissivity of the aquiferin
thisarea. Dischargesof water to the ground have been greatly reduced, and corresponding decreasesin
the elevation of the water table have been measured. Thedecline in part of the 200 West Area has been
more than 8 m (26 ft) (Hartman et al. 2001). Water levelsare expected to continueto decr ease asthe
unconfined groundwater system reachesequilibriumwith the new level of artificial recharge (Wurstner
and Freshley 1994).

A number of reports dealing with the hydrogeology of the 200 Areas have been released including
Graham et al. (1981); Last et al. (1989); and Connelly et d. (1992a,b). More detailed informationisalso
provided in Hartman (2000).

437 300AreaHydrology

The unconfined aquifer water tablein the 300 Areais generally found in the Ringold Formation at a
depth of 9to 19 m (30 to 62 ft) below ground surface. Fluctuationsin theriver level strongly affect the
groundwater levels and flow in the 300 Areq, just as they doin the 100 Areas. Water table contoursin the
vicinity of the 300 Areaare somewhat concentric, showing that thisis adischarge areafor the unconfined
aquifer system. Groundwater flowsfrom the northwest, west, and even the southwest to dischargeinto
the Columbia River near the 300 Area. Schallaet al. (1988); Swanson (1992); and Hartman (2000) have
provided more detailed information on the hydrogeol ogy of the 300 Area.

438 Richland North AreasHydrology

1100 Area, which was transferred from the DOE to the Port of Benton on October 1, 1998. The
groundwater in thisareaisinfluenced by artificial recharge associated with the North Richland recharge
basinsand nearby irrigated farming. Water is pumped from the Columbia River to the recharge basins
and subsequently pumped from nearby wells. This systemisused by the City of Richland as a backup
filtration systemfor city water. Because an excessof water is pumped into the recharge basins, a mound
has been created in the water table, which hel psto reduce the potential for groundwater flow from the
Hanford Siteinto thisarea. Theriver stageelevation of Yakima River, which flowsjust west of thearea,
is high enough such that theriver also actsas a recharge sourcefor the groundwater system.

The southern portion of the tritium plume from the 200 Areas extendsto the 300 Area, and thereis
concern that this plume could reach the Richland North Areaand impact water supply wells. However,
tritium concentrationsdecreasefrom greater than 10,000 pCi/L (373.4 Bg/L) to lessthan 100 pCi/L
(3.734 Bq/L) across the 300 Areaand the distributionacross this area has changed little since fiscal year
1999 (Hartman et al. 2001). A few wellssouth of the 300 Area, in the vicinity of Richland's recharge
ponds, have shown slightly elevated tritiumlevels, athough well below the 20,000-pCi/L (746.8 Bg/L)
drinking water standard. These levelsare consistent with tritium concentrationsin the Columbia River
water that is pumped into the ponds (Hartman et al. 2001). Nitrate contaminationisasofoundin the
Richland North Area. Thisislikely theresult of industrial and agricultura sourcesoff the Hanford Site.
Infiscal year 2000, nitrate concentrationsincreased in a number of wells. The nitrate plume appearsto be
migrating east toward the Columbia River. Concentrations above the 45-mg/L. maximum contaminant
level arefound over much of the Richland North Area(Hartman et al. 2001).



4.4 Ecology

The Hanford Site encompassesabout 1517 km? (about 586 mi?) of shrub-steppe habitat ocated within
the Columbia Basin Ecoregion, an areathat historically included over 6 million hectares (14.8 million
acres) of steppe and shrub-steppe vegetation across most of central and southeastern Washington, as well
asportionsadf north-central Oregon. The Site encompassesundevel oped land interspersed with industrial
development along the western shorelineof the ColumbiaRiver and at several locationsin the interior of
the Site. Thisland, with restricted public access, providesa buffer for the smaller areas currently used for
storageof nuclear materias, waste storage, waste disposal, and some non-DOE activitiessuch asthe
Energy Northwest Power Plant and the Laser Interferometer Gravitational Wave Observatory (LIGO).

The ColumbiaRiver borders the Hanford Site to the east. The Columbia River and associated
riparian zonesprovide habitat for numerouswildlifeand plant species. The areaknown asthe Hanford
Reach, the ColumbiaRiver from Priest Rapids Dam (river mile (RM) 397) to McNary Pool (RM 346), is
thelast free-flowing, non-tidal segment of the ColumbiaRiver in the United States. Operation of Priest
Rapids Dam upstream of the Hanford Site can result in rather large fluctuationsof flow and river level.
The National Park Service, in a Record of Decision (ROD) issued on July 16, 1996, proposed that the
Hanford Reach be designated as a recreational river in the national wild and scenic rivers system (DOI
1996). On June9, 2000, portions of the Hanford Site including the Hanford Reach and associated islands,
wildlife management areas to the north, White Bluffs, Hanford Dunes, the Arid LandsEcology Reserve
(ALE), and the McGee Ranch and Riverland area were designated a National M onument (Figure4.0-2)
by the President of the United States (65 FR 37253).

Other descriptionsof the ecology of the Hanford Site can befound in Cadwell (1994); Downset d.
(1993); ERDA (1975); Jamison (1982); Landeen (1996); Rogersand Rickard (1977); Sackschewsky and
Downs (2001); Watson et al. (1984); and Weiss and Mitchell (1992).

441 Terredrial Ecology

The Hanford Site retainssome of thk largest remaining blocks of relatively undisturbed shrub-steppe
in the ColumbiaBasin Ecoregion. Shrub-steppeecosystems are typically dominated by a shrub overstory
with a grass understory (Daubenmire 1970). Lichensand mosses, often times referred to as cryptogam,
provide asoil stabilizing growth on undisturbed soilsin the shrub-steppe ecosystem. In the early 1800s,
the dominant vascular plantsin the areawere big sagebrush underlain by perennial Sandberg's bluegrass
and bluebunch whesatgrass. With the advent of settlement, livestock grazing and agricultural production
contributed to colonization by non-native plant speciesthat currently dominatethe landscape. Although
agricultureand livestock production werethe primary subsistenceactivitiesat the turn of thecentury,
these activitiesceased when the Hanford Site was designatedin 1943. Remnantsof past agricultural
practicesare still evident. The presencedf a high diversity of physical featuresand examplesof rare,
undevel oped deep and sandy soil hasled to a correspondingdiversity of plant and anima communities.
Many placeson the Hanford Site are relatively free of non-native speciesand are extensiveenough to
retain characteristic popul ationsof shrub-steppe plantsand animalsthat are absent or scarcein other
areas. Because of itslocation, the Site providesimportant connectivity with other undeveloped portions
of the ecoregion. . 3

Largeareasof the Hanford Site have experienced rangefiresthat have greatly influenced the
vegetation canopy and distributionof wildlife. In 1984, amajor fire burned across 800 km? (310 mi?) of
the Hanford Site (Priceet al. 1986). From June 27 through July 2, 2000, the 24 Command Fire burned
acrossthe Hanford Site consuming most of the shrub-steppehabitat on the Arid Lands Ecology Reserve



Unit, asmall section of theMcGee-Riverlands Unit, and other southwestern portions of the Site. Thefire
consumed atotal of 655 km? (250 mi?) of federal, state, and privatelands before it was controlled (BAER
2000).

Thesefires have radically atered the composition of the shrub-steppe habitat. Much of the 2000 bum
was considered to be low severity. Low severity refersto a bum that |eaves the soil structure and seed
bank intact. The belowground portionsof most perennial plants were unharmed and are expected to re-
sprout as conditions permit. Much of the burned areaisin variousstages of recovery. Sagebrush will
take considerably longer to recover, depending on the availability of seed in the soil, severity of the burn,
and the distance to other seed sources. It islikely totakeat least 5 to 10 years, and potentially many
decades, before sagebrushis once again an important feature of the landscape. Much of the burned area
continues to be populated with invasive plant species such as Russian thistle (Salsolakali) and tumble
mustard (Sisymbrium altissmum).

4411 Vegetation

The natural plant communitiesat Hanford have been altered by Euro-Americanactivities and the
proliferation of non-nativespecies. A total of 727 speciesrepresenting 90 familiesof vascular plants
have been recorded for the Hanford Site (Sackschewsky and Downs 2001). Of thistotal, 179 are non-
native species. Cheatgrass (Bromustectorum) is the dominant non-native species. It isan aggressive
colonizer and has become well established acrossthe Hanford Site (Rickard and Rogers 1983). Hanford
Site plants are adapted to low annual precipitation (17 cm [6.8 in.]), low water-holding capacity of the
rooting substrate (sand), dry summers, and cold winters.

The Nature Conservancy of Washington (Soll et al. 1999) conducted plant surveyson ALE, the
Wahluke Slope, central Hanford, and riparian communities aong the Columbia River shorelinefrom
1994 through 1997. These surveystentatively identified 30 "' potential™ terrestrial plant communities.
Designation as a potential community indicatesthe type of community that would exist in an areaif it
werefreeof disturbance. In addition to characterizing potential plant communities, the Conservancy
found 112 populations/occurrences of 28 rare plant taxaon the Hanford Site (Soll et al. 1999). When
combined with observations preceding the 1994-1999 inventory, a total of 127 populationsof 30 rare
plant taxa have been documented on the Hanford Site.

Existing vegetation and land use areas on the Hanford Site prior to the 24 Command Fire are
illustrated in Figure 4.4-1. A much broader definition of these plant communities, including shrublands,
grasslands, microbiotic crust, tree zones, riparian, and habitat follows. Rangefires that historically
burned through the areaduring the dry summerseliminatefire intolerant species(e.g., big sagebrush
(Artemisia tridentate)) and allow more opportunistic and fire-resistant species a chanceto become
established. The 24 Command Fire severely impacted vegetation on thoseareas burned (Figure 4.4-2).
Recovery of burned areasisa sow process, and it will be many years beforeareaswill re-establish the
natural component of vegetation and associated animal life. A list of common plant speciesin shrub-
steppe and riparian areas are presented in Appendix A, Table A-1 (also Sackschewsky and Downs 2001).

Shrublands. Shrublandsoccupy thelargest areain termsof acreageand comprise seven of the nine
magjor plant communities on the Hanford Site (Sackschewsky and Downs 2001). Of the shrubland types,
sagebrush-dominated communities are predominant, with other shrub communities varying with changes
in soil and elevation. About 80% of the mapped land on the Hanford Site had a big sagebrush plant
community (Soll et al. 1999); however, much of thisareawas burned in the 24 Command Fire of 2000.
About 287 km? (111 mi®) of shrub habitat dominated by big sagebrush was destroyed in thefire and isin
varying stages of revegetation.
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Figure4.4-1. Digtribution of Vegetation Typesand Land Use Areas on the Hanford Site,
Washington, before the 24 Command Fire
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The areas botanically characterized as shrub-steppe include remnant native big sagebrush, threetip
sagebrush (Artemisiatripartite), bitterbrush (Purshia tridentate), gray rabbitbrush (Chrysothamnus
nauseosus), green rabbitbrush (Chrysothamnusviscidijlorus), black greasewood (Sarcobatus
vermiculatus), winterfat (Krascheninnikovia (Ceratoides) lanata), buckwheat (Eriogonum niveum), and
spiny hopsage (Grayia (Atriplex) spinosa). Remnant bluebunch wheatgrass (Agropyron spicatum),
Sandberg's bluegrass (Poa sandbergii (secunda)), needle-and-thread grass (Stipa comata), Indian
ricegrass (Oryzopsis hymenoides), and prairie junegrass (Koeleria cristata) also occur in these areas.
Heterogeneity of species composition varies with soil, slope, and elevation. Of the vegetation types
depicted in Figure 4.4-1, those with a shrub component (i.e., big sagebrush, three-tip sagebrush,
bitterbrush, spiny hopsage, rabbitbrush, winterfat, and snow-buckwheat) are considered shrub-steppe.
Vegetation types with a significant cheatgrass component are generally of lower habitat quality than those
with bunchgrass understories. Post-fire shrub-steppe on the Hanford Site refers to areas impacted by
wildfires that are in the process of recovery.

Grassdands. Most grasses occur as understory in shrub-dominated plant communities. Cheatgrass
has replaced many native perennial grass species and is well established in many low-elevation (<244 m
[800 ft]) and/or disturbed areas (Rickard and Rogers 1983, Soll et al. 1999). Of the native grasses that
occur on the Hanford Site, bluebunch wheatgrass occurs at higher elevations. Sandberg's bluegrassis
more widely distributed and occurs within several plant communities. Needle-and-thread grass, Indian
ricegrass, and thickspike wheatgrass (Agropyron dasytachyum) occur in sandy soils and dune habitats.
About 133 km? (51 mi?) of shrubless habitat dominated by native grasses were destroyed in the 24
Command Fire. Species preferring more moist locations include bentgrass (Agrostis spp.), meadow
foxtail (Alopecurusaequalis), lovegrasses (Eragrostis spp.), and reed canarygrass (Phal arisarundinacea)
(DOE 2001).

Microbioticcrusts. Microbiotic crusts generally occur in thetop 1 to 4 mm (0.04 to 0.16 in.) of soil
and areformed by living organismsand their by-products, creating a crust of soil particles bound together
by organic materials. Microbiotic crusts are common in the semi-arid ColumbiaBasin, where the
dominant form tendsto be green algae (Johansen et al. 1993). The functions of microbiotic crustsinclude
soil stability and protection from erosion, fixation of atmospheric nitrogen, nutrient contribution to plants,
influencing soil-plant water relations, increasing water infiltration, seedling germination, and plant
growth. Theecological roles of microbiotic crusts depend on the relative cover of various crustal
components. Carbon inputs are higher when mosses and lichens are present than when thecrust is
dominated by cyanobacteria. Nitrogen inputs are higher with greater water infiltration. Soil surface
stability is related to cyanobacterial biomass as well as total moss and lichen cover (Belnap etal. 2001).
The lichen and mosses of the Hanford Site were surveyed and evaluated by Link et al. (2000). They
found 29 soil lichensin 19 genera and 6 moss species in 4 genera. Twelve (41 percent) lichen species are
of the crustose growth form (flat and firmly attached to the substrate), eight (28 percent) are squamulose
(having small, flat scales that do not adhere tightly to substrate), seven (24 percent) are foliose (having
leaf-like lobes, attached in the center to substrate by clusters of rhizomes), and two (7 percent) are
fruticose (plant-like growth attached at one point).

Trees. Before Euro-American settlement, the Hanford Site landscape lacked trees, and the Columbia
River shoreline supported afew scattered cottonwood or willows. Homesteaders planted treesin
association with agricultural areas. Shade and ornamental trees were planted around former military
installations and industrial areas on the Hanford Site. Currently, approximately 23 species of trees occur
on the Site. The most commonly occurring species are black locust (Robiniapseudo-acacia), Russian
olive (Eleagnus angustifolia), cottonwood (Populus trichocarpa), mulberry (Morus alba), sycamore
(Platanus occidentalis), and poplar (Populusssp.). Many of these non-native species are aggressive
colonizers and have become established along the ColumbiaRiver (e.g., mulberry, cottonwood, poplar,
Russian olive), serving as afunctional component of the riparian zone (DOE 2001). Trees provide
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nesting habitat and cover for many species of mammals and birds. The 24 Command Fire destroyed most
of the shrubsand trees associated with streamson ALE; however, some plants have persisted and
established new growth from their charred stumps.

Riparian (Wetland) Areas. Riparian habitat includes sloughs, backwaters, shorelines, islands, and
palustrine areas associated with the Columbia River floodplain. Vegetation that occursaong the river
shorelineincludes water smartweed (Polygonum amphibium),pondweed (Potamogeton spp.), sedges
(Carex spp.), reed canary grass (Phalaris arundinacea), and bulbous bluegrass (Poa bulbosa). Trees
include willow (Salix spp), mulberry (Morus alba), and Siberian elm (Ulmuspumila). Other riparian
vegetation occursin association with perennial springs and seeps. Rattlesnake and Snively Springs
supports highly diverse biological communities (Cushing and Wolf 1984) that include bulrush (Scirpus
Spp.), spike rush (Eleocharis spp.), and cattail (Typha latifolia). Watercress (Rorippa nasturtium-
aguaticum), which persistsat these sites, is a so abundant for alarge portion of the year. In recent years,
exotic trees and shrubs have become established in the riparian zone aong these springs. Theriparian
transects associated with Snively and Rattlesnake Springs were greatly impacted by the 24 Command Fire
(BAER 2000).

Most wastewater ponds and ditcheson the Hanford Site have been decommissioned and no longer
support riparian vegetation. On the Wahluke Slope, several imgation return ponds support riparian
vegetation.

Riparian habitat that occursin association with the Columbia River includesriffles, gravel bars,
backwater doughs, and cobble shorelines. These specialized habitats occur infrequently along the
Hanford Reach and have acquired greater significancebecause of the net lossof wetland habitat
elsewherewithin the region. The Nature Conservancy identified 13 rare plant species (out of 19 total on
the Hanford Site) residing a ong the Hanford Reach during surveys conducted in 1994 and 1995 (Soll and
Soper 1996). The Conservancy found four new species previously not listed at Hanford in the 31 wetland
areas surveyed (Soll et al. 1999). Common emergent speciesinclude reed canary grass, common
witchgrass (Panicum capillare), and large barnyard grass (Echinochloacrusgalli). Rushesand sedges
occur aong the shorelinesof the Columbia River and at several sloughs aong the Hanford Reach at
White Bluffs, below the 100-H Area, downstream of the 100-F Area, and at the Hanford Slough.

Noxious weeds are al so becoming established along the riparian zones of the Hanford Reach. Purple
loosestrife (Lythrum salicaria), yellow nutsedge (Cyperusesculentus), reed canary grass, knapweed
(Centaurea ssp.), and yellow star thistle (Centaurea solstitialis) are some of the more common species
found near or on wetlands. The Department of Energy has an ongoing program to control populations of
noxious weeds with aerial applicationsadf herbicides.

Flow management practices at Priest Rapids Dam have facilitated the establishment of non-native
trees along the riparian zones of the Hanford Reach.

Unique Habitats. Habitats on the Hanford Site include bluffs, dunes, and islands (DOE 2001). The
White Bluffs, Umtanum Ridge, and Gable M ountain on the Hanford Siteinclude rock outcropsthat occur
infrequently on the Site. Plant communities dominated by buckwheat and Sandberg's bluegrass most
often occupy basalt outcrops.

Snow buckwheat (Eriogonum niveum) and Sandberg's bluegrass/cheatgrass communitiesdominate a
large dune area north of the Energy Northwest complex along the Columbia River shoreline (Figure4.4-
1). Theterrain of the dune habitat rises and falls between 3 and 5 m (10 and 16 ft) above ground level,
creating areas that range from 2.5 to several hundred acresin size (U.S. Department of the Army 1990).
The dunes are vegetated by bitterbrush, scurfpea (Psoralea lanceolata), and thickspike whesatgrass.



Smaller dunes containing basalt grains that impart a dark color to the sand are found near the 100-F Area
and westward across the site north of Gable Mountain. Asaresult of the 24 Command Fire, temporary
dunes have formed along State Route 240 east to the 200 West Areaand Army Loop Road. These
denuded areas arein various stages of revegetation with primarily invasive non-native plants.

Island habitat accounts for approximately 4.74 km? (1.8 mi?) (Hanson and Browning 1959) and 64.3
km (39.9 mi) of river shoreline within the main channel of the Hanford Reach (Figure 4.4-3). Island
ownership descriptions pertain to status prior to national monument designation and are subject to change.
DOE owns and administered the upland portions of Locke Island (RM 371-373.5) and Wooded Island
(RM 348-351) that now fall under U.S. Fish and Wildlife Service management as part of the Hanford
Reach National Monument designation. The Washington State Department of Natural Resources
oversees the shorelines of Locke and Wooded islands. Recent landslides caused by rotational slumping in
the White Bluffs area have resulted in accelerated erosion of Locke Island by the ColumbiaRiver.
Shoreline riparian vegetation that characterizes the islands includes willow, poplar, Russian olive, and
mulberry. Before regulation of river flows by dams, trees were generally not found along river shoreline
habitat, with the exception of small willows and afew juniper treesaround the 100-B/C Area. The most
common tree to establish itself along the shoreline ismulberry. Species occurring on theisland interior
include buckwheat, lupine, mugwort, thickspike wheatgrass, giant wildrye, yarrow, and cheatgrass
(Warren 1980). Management of these islands is the responsibility of theisland owners, which include
DOE, USFWS, and the U.S. Bureau of Land Management.

West Lake and itsimmediate basin represent a habitat that is characterized by highly saline conditions
(Poston et al. 1991). These conditions occurred most likely from the evaporation of water from the pond
and the accumulation of dissolved solids during the early years on the Site. West Lakeisclassified asa
waste site under the Comprehensive Environmental Restoration, Compensation, and Liability Act of 1980
(CERCLA) (42 USC 9601, et seq.). Water levels of the pond fluctuate with wastewater discharge levels
in the 200 Areas. Predominant plants include salt grass, plantain, and rattle box. Three-spine bulrush
grows aong the shoreline; however, the water in the pond istoo saline to support aquatic macrophytes.
Due to a sharp decrease in water discharged to the ground in the 200 Areas, the water level of West Lake
has dropped, exposing large sections of saline mud flats and salt deposits aong the shoreline.

OperableUnits. The Hanford Site encompasses numerous waste management units and
groundwater contamination plumes that have been grouped into operable units under CERCLA. Each
unit has complementary characteristics of such parameters as geography, waste content, type of facility,
and relationship of contaminant plumes. In general, non-native or invasive plants typify the operable
units. Cheatgrass, Russian thistle, and tumble mustard are invasive species that have colonized many of
the disturbed portions of these sites. The 100 Area operable units are characterized by a narrow band of
riparian vegetation along the shoreline of the Columbia River, with much of the area shoreward consisting
of old agricultural fields dominated by cheatgrass and tumble mustard. Scattered big sagebrush and gray
rabbitbrush also occur throughout the 100 Areas (Landeen et al. 1993). Anareaof natural big sagebrush
habitat near the 100-D area has experienced significant and apparently natural decline in recent years
(Cardenaset al. 1997). A total areaencompassing 17.8 km? (6.9 mi?) isin decline, and a central core area
of 2.8km? (1.1 mi®) has experienced more than 80% mortality. State threatened, endangered, or species
of concern that occur within the 100 Area operable unitsinclude persistent sepal yellowcress (Rorippa
columbiae), false pimpernel (Linderniadubiaanagallidea), shining flatsedge (Cyperus bipartitus
(rivularis)), gray cryptantha (Cryptantha leucophaea), and possibly, dense sedge (Carex densa) (Table
4.4-1 and Table 4.4-3in Section 4.4.3) (Landeen et al. 1993, Soll et al. 1999).
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Waste management areas, reactors, and crib sites are generally either barren or vegetated by invasive
species, including Russian thistle, tumble mustard, and cheatgrass. Most of the waste disposal and
storage sites are covered by non-native vegetation or are kept in a vegetation-free condition with the use
of herbicides, as the plants could potentially accumulate waste constituents. Russian thistle and gray
rabbitbrush that occur in these areas are deep rooted and have the potential to accumulate radionuclides
and other buried contaminants, functioning as a pathway to other parts of the ecosystem (Landeen et al.
1993). Deep-rooted vegetation growing on or near contaminated waste sites can take up radionuclides
and other contaminants into their roots and transport them to leaves, stems, and shoots. Those
contaminants can subsequently spread outside controlled areas as the plants are eaten by animalsor are
transported by wind. Herbicides are applied to kill deep-rooted plants and noxious weeds. The
effectiveness of the program is directly related to the timeliness of herbicide application. Spraying
herbicides istypically performed in all seasons of the year except deep winter. The elimination of
contaminated plant species reduces the number of potential mechanisms for spreading contaminants, as
well as reducing biological uptake and transport by insects, small mammals, and birds. Selective
herbicides are sometimes applied to minimize deep-rooted vegetation, while allowing shallow-rooted
vegetation to remain for erosion control.

The undisturbed portions of the 200 Areas are characterized as sagebrush/cheatgrass or
sagebrush/Sandberg’s bluegrass communities. The dominant plants on the 200 Area Plateau are big
sagebrush, rabbitbrush, cheatgrass, and Sandberg's bluegrass. Cheatgrass provides half of the total plant
cover. Most of the waste disposal and storage sites are planted with crested or Siberian wheatgrass to
stabilize surface soil, control soil moisture, or displace more invasive deep-rooted species like Russian
thistle.

Vegetation surveys were conducted at the 300-FF-5 Operable Unit located north of the 300 Area
during 1992. The shrub-steppe vegetation community in the unit is characterized as antelope
bitterbrush/Sandberg’s bluegrass with an overstory of bitterbrush and big sagebrush and an understory of
cheatgrass and Sandberg's bluegrass (Brandt et al. 1993). Dominant riparian vegetation in the unit
included white mulberry and shrub willow (Salex spp.), reed canarygrass, bulbous bluegrass, sedges, and
horsetail (Equisetum spp). Persistent sepal yellowcress, a state threatened species, was identified at 18
locations near this operable unit.

44.12 Wildlife

Approximately 300 species of terrestrial vertebrates have been observed on the Hanford Site. The
species list includes approximately 42 species of mammals (Appendix A, Table A-2), 246 species of birds
(Appendix A, Table A-3), and 5 species of amphibiansand 12 species of reptiles (Appendix A, Table A-
4) (Soll and Soper 1996, Brandt et al. 1993). From 1991 to 1993, surveys for birds, mammals, insects,
and vegetation were conducted at several of the 100 and 300 Area operable unitsand the results were
documented in topical reports (Brandt etal. 1993, Landeen et al. 1993). The Nature Conservancy (Soll et
al. 1999) recently summarized itsfindings for birds and mammal surveys. These surveys fall short of the
number of species that have been documented historically on the Hanford Site. For example, 221 species
of birds were observed in the bird surveys of The Nature Conservancy's biodiversity 4-year effort (Soll et
al. 1999). This number falls short of the 238 species identified historically (Landeen etal. 1992). By
combining the 1994-1999 list of The Nature Conservancy with the site list (Landeen et al. 1992), atotal
of 258 species of birds have been documented on the Hanford Site (Soll et al. 1999). There are 144
species considered common to the Hanford Site (Appendix A, Table A 3). The Nature Conservancy did
not conduct specific surveys for mammals, but encounters were documented and compared to historic
lists.



Shrubland and Grassand Wildlife. The shrub and grassand habitat of the Hanford Site supports
many groupsof terrestrial wildlife. Speciesinclude large game animalslike Rocky Mountain elk (Cervus
elaphus) and mule deer (Odocoileushemionus); predators such as coyote (Canis latrans), bobcat (Lynx
rufus), and badger (Taxidea taxus); and herbivoreslike deer mice (Peromyscusmaniculatus), harvest
mice (Riethrodontonomysmegalotis), ground squirrels (Citellusspp.), voles (Lagurus spp., Microtus
Spp.), and black-tailed jackrabbits (Lepuscalifornicus). The most abundant mammal on the Hanford Site
isthe Great Basin pocket mouse (Perognathus parvus). Many of the rodent species and some predators
like badgers construct burrows on the site. Other non-borrowing animals like cottontails(Sylvilagus
nutalli), jackrabbits, snakes, and burrowing owls (Athene cunicularia) may utilize abandoned burrows of
other animals.

Mule deer rely on shoreline vegetation and bitterbrush shrubs for browse (Tiller et al. 1997). Elk,
which are more dependent on open grasslandsfor forage, seek the cover of sagebrush and other shrub
species during the summer months. Elk first appeared on the Hanford Sitein 1972 (Fitzner and Gray
1991), and haveincreased from approximately 8 animalsin 1975 to approximately 900 in 1999. The
Rattlesnake Hills herd of ek that inhabitsthe Hanford Site primarily occupiesALE and privatelands that
adjoin the reserveto the south and west. They are occasionally seen on the 200 Area plateau and have
been sighted at the White Bluffs boat launch on the Hanford Site. The herd tendsto congregateon ALE
in the winter and dispersesduring the summer monthsto higher elevations on ALE, privateland to the
west of ALE, and the Yakima Training Center. Efforts were taken in March 2000 to remove and relocate
about 200 elk from the ALE Reserve and another 31 elk were removed during 2002. Specia hunts
adjacent to the Hanford Site in 2000 accounted for removal of 207 additional elk. The 24 Command Fire
in June 2000 temporarily destroyed nearly all theelk forageon ALE. The herd moved onto unburned
privateland west of the site, to unburned areas on central Hanford, and along the Columbia River near the
100-B/C and 100-K Areas. Elk have returned to burned areas as the vegetation recovers. There wasa
reported sighting of a cougar (Felis concolor) on ALE by experienced biologistsduring the elk relocation
effortin March 2000, supplementing anecdotal accountsof other observations of the presenceof the big
cat on the Hanford Site.

Shrubland and grassland provide nesting and foraging habitat for many passerine bird species.
Surveys conducted during 1993 (Cadwell 1994) reported the occurrence of western meadowlarks
(Sturnellaneglecta) and horned larks (Eremophilaal pestris) more frequently in shrubland habitatsthan in
other habitatson the Hanford Site. Soll et al. (1999) reported a total of 41 speciesthat are considered
steppe or shrub-steppehabitat dependent. Long-billed curlews (Numeniusamericanus) and vesper
sparrows (Pooecetes gramineus) were also noted as commonly occumng speciesin shrubland habitat.
Speciesthat are dependent on undisturbed shrub habitat include sage sparrow (Amphispizabelli), sage
thrasher (Oreoscoptes montanus), and loggerhead shrike (Lanius ludovicianus). Both the sage sparrow
and loggerhead shrike tend to roost and nest in sagebrush or bitterbrush that occurs at lower elevations
(DOE 2001). Ground-nestingspeciesthat occur in grass-covered uplands includelong-billed curlews,
western meadowlark, and burrowing owls.

Common upland gamebird speciesthat occur in shrub and grassand habitat include chukar (Alectoris
chukar), partridge (Perdix perdix), Californiaquail (Callipeplacalifornica), and ring-necked pheasant
(Phasianus colchicus). Chukars are most numerousin the Rattlesnake Hills, Y akimaRidge, Umtanum
Ridge, Saddle Mountain, and Gable Mountain areas of the Hanford Site. L esscommon speciesinclude
greater sage grouse (Centrocercus urophasianus), and scaled quail (Callipeplasguamata). Greater sage
grouse were historically abundant on the Hanford Site; however, populations have declined sincethe
early 1800s because of the conversion of sagebrush-steppe habitat. Although surveysconducted by the
Washington Department of Fish and Wildlife and PNNL during late winter and early spring 1993, and
biodiversity inventories conducted by The Nature Conservancy in 1997, did not observe greater sage



grouse in sagebrush-steppe habitat at ALE, sage grouse have been observed in 1999 and 2000.’ A sage
grouse was killed by an automobile near the 100-F areain the spring of 2003, however thisis considered
an abnormal occurrence for this part of the Hanford Site. The 24 Command Firein June 2000 destroyed
potential sage grouse habitat on ALE, and it is unlikely that sage grouse will return to ALE in the near
future.

Among the more common raptor species that use shrub and grassland habitat are the ferruginous
hawk (Buteo regalis), Swainson's hawk (Buteo swainsoni), and red-tailed hawk (Buteo jamaicensis).
Northern harriers (Circus cyaneus), sharp-shinned hawks (Accipiter striatus), rough-legged hawks (Buteo
lagopus), and golden eagles (Aquila chrysaetos) also occur in these habitats, although infrequently. In
1994, nesting by red-tailed, Swainson's, and ferruginous hawks included 41 nests located across the
Hanford Site on high voltage transmission towers, trees, cliffs, and basalt outcrops. In recent years, the
number of breeding ferruginous hawks (a Washington State threatened species) on the Hanford Site has
increased, due, in part, to their use of steel powerline towersfor nesting in the open grass and shrubland
habitats.

Many species of insectsoccur throughout all habitats on the Hanford Site. Butterflies, grasshoppers,
and darkling beetles are among the most conspicuous of the approximately 1500 species of insects that
have been identified from specimens collected on the Hanford Site (Soll et a. 1999). The actual humber
of insect species occurring on the Hanford Site may reach as high as 15,500. A total of 1509 species-
level identifications were completed in 1999 and 500 more are expected. Recent surveys performed by
The Nature Conservancy included the collection of 40,000 specimens and have resulted in the
identification of 43 new taxaand 142 new findingsin the state of Washington (Soll etal. 1999). The high
diversity of insect species on the Hanford Site reflects the size, complexity, and relatively undisturbed
quality of the shrub-steppe habitat.

The side-blotched lizard (Utra stansburiana) isthe most abundant reptile species occurring on the
Hanford Site. Short-homed (Phrynosomadouglassii) and sagebrush (Sceloporus graciosus) lizards are
also found on the Hanford Site, but occur infrequently. The most common snake species include gopher
snake (Pituiphis melanoleucus), yellow-bellied racer (Coluber constrictor), and western rattlesnake
(Crotalus viridis). The Great Basin spadefoot toad (Scaphiopus intermontanus), Woodhouse's toad (Bufo
woodhousei), Pacific tree frog (Hyla regilla), tiger sdlamander (Ambystoma tigrinum), and bullfrog (Rana
catesbeiana) are the only amphibiansfound on the Hanford Site (Soll etal. 1999, Brandt etal. 1993).

Riparian Wildlife. Riparian areas provide nesting and foraging habitat and escape cover for many
species of birdsand mammals. Shoreline riparian communities are seasonally important for a variety of
species. Willowstrap food for waterfowl (e.g., Canada geese (Branta Canadensis)) and birds that use
shoreline habitat (e.g., Forster's tern (Sternaforsteri)) as well as provide nesting habitat for passerines
(e.g., mourning doves (Zenaida macroura)). Terrestrial and aguatic insects are abundant in emergent
grasses and provide food for fish, waterfowl, and shorebirds. Riparian areas provide nesting and foraging
habitat and cover for many species of birds and mammals.

Mammal's occurring primarily in riparian areas include rodents, bats, furbearers (e.g., mink (Mustela
vison) and weasel (Mustela spp.)), porcupine (Erithizon dorsatum), raccoon (Procyon lotor), skunk
(Mephitis mephitis), and mule deer. Beavers (Castor canadensis) rely on shoreline habitat for dens and
foraging. River otters (Lutra canadensis) have been observed infrequently in the Hanford Reach. During
the summer, mule deer rely on riparian vegetation for foraging. Mule deer use Columbia River islands
for fawning and nursery areas. Beaver and muskrat (Ondatrazibethica) rely on shoreline habitat for dens
and foraging. The ColumbiaRiver and Rattlesnake Springs provide foraging habitat for bats including

@ Source: Persona communication with L.L. Cadwell, PNNL, April 2002.
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Yuma myotis (Myotisyumanensis), small-footed myotis (Myotissubulatus), silver-haired bats
(Lasionycteris octivagans), and pallid bats (Antrozous pallidus), which feed on emergent aquatic insects
(Becker 1993).

Common bird species that occur in riparian habitats include red-winged blackbird (Agelaius
phoeniceus), American robin (Turdus migratorius), black-billed magpie (Pica pica), song sparrow
(Melospiza melodia), and dark-eyed junco (Junco hyemalis) (Cadwell 1994). Upland gamebirds that use
this habitat include ring-necked pheasants and Californiaquail. Predatory birdsinclude common barn
owl (Tytoalba) and great homed ow! (Bubo virginianus). Burrowing owls have been observed on some
of theislandsin the Columbia River. Species known or expected to nest in riparian habitat are Brewer's
blackbird (Euphagus cyanocephalus), mourning dove, black-billed magpie, northern oriole (Icterus
galbula), lazuli bunting (Passerina amoena), eastern kingbird (Tyrannus tyrannus), western kingbird
(Tyrannus verticalis), and western wood peewee (Contopussordidulus). Bald eagles (Haliaeetus
leucocephalus) have wintered on the Hanford Site since 1960. Great blue herons (Ardea herodias) and
black-crowned night herons (Nycticorax nycticorax) are associated with treesin riparian habitat along the
Columbia River and use groves or individua trees for perching and nesting. On occasion, great blue
herons have constructed nests in the large metal powerline towersthat are present on the shores of the
Columbia River.

The Hanford Siteis located in the Pacific Flyway, and the Hanford Reach serves as a resting area for
neotropical migrant birds, migratory waterfowl, and shorebirds (Soll et al. 1999). Duringthefall and
winter months, ducks (primarily mallards) and Canada geese rest on the shorelines and islands along the
Hanford Reach. The area between the Old Hanford Townsite and Vernita Bridge is closed to recreational
hunting, and large numbers of migratory waterfow! find refugein this portion of the river. Other species
observed during this period include American white pelicans (Pelecanus erythrorhynchos), egrets
(Casmerodius albus), double-crested cormorants (Phal acrocorax auritus), coots (Fulica americana), and
common loons (Gavia immer).

Wildlifeand PlantsOccurringin Distinctive Habitat. Bluffs provide perching, nesting, and escape
habitat for severa bird species on the Hanford Site. The White Bluffs and Umtanum Ridge provide
nesting habitat for prairie falcons (Falco mexicanus), red-tailed hawks, cliff swallows (Hirundo
pyrrhonota), bank swallows (Riparia riparia), and rough-winged swallows (Stelgidopteryx serripennis).
In the past, Canada geese used the lower elevations of the White Bluffs for nesting and brooding. Bald
eagles use the White Bluffs for roosting. Bluff areas provide habitat for sensitive species (i.e., Hoover's
desert parsley (Lomatium tuberosum) and peregrine falcon (Fal co peregrinus)) that otherwise may be
subject to impact from frequent or repeated disturbance. The White Bluffs bladderpod (Lesquerella
tuplashensis) isa newly discovered Washington State endangered plant that grows on the White Bluffs.
Trees that do not normally occur in arid steppe habitat supply nesting, perching, and roosting sites for
many birds. Consequently, herons and raptors, like ferruginous and Swainson's hawks, can use treesfor
breeding in areas that previously did not support breeding populations. Ferruginous hawks also nest on
electrical transmission line towers. These occurrences of non-native trees occur in upland areas as well as
riparian zones along the Hanford Reach.

Dune habitat is unusual in its association with the surrounding shrub-steppe vegetation type. The
individuality of the dunesis noted in its vegetation component as well as the geologic formation. The
Hanford dunes provide habitat for mule deer, burrowing owls, and coyotes as well as many transient
species. In contrast, the dunes in west central Hanford, formed as a result of the 24 Command Fire, may
be temporary and could disappear once vegetation is re-established.

Islands afford an exceptional arrangement of upland and shoreline habitat for avian and terrestrial
species. Islands vary in soil type and vegetation and range from narrow cobble beaches to extensive dune



habitats. Except for severa plant species, the islands accommodate many of the same species that occur
in mainland habitats. Operation of Priest Rapids Dam upstream of the Hanford Reach creates daily and
seasonal fluctuations in river levels that may limit community structure and overall shoreline species
viability along the shoreline.

Islands provide resting, nesting, and escape habitat for waterfowl and shorebirds. Use of islands for
nesting by Canada geese has been monitored since 1950. The suitability of habitat for nesting Canada
geese is attributed to restricted human use of islands during the nesting season, suitable substrate, and
adequateforage and cover for broods (Eberhardt et al. 1989). The nesting population fluctuates annually.
In recent years, geese have used the downstream islands in the Reach for nesting as a result of coyote
predation in the upper Reach islands. |1slands also accommodate colonia nesting speciesincluding
Cdlifornia gulls (Larus californicus), ring-billed gulls (Larus delawarensis), and Forster's terns (Sterna

forsteri). Island areas ranging from 0.1 to 0.2 km? (0.05 to 0.08 mi?) accommodate colonial nesting
species that may range in population size of upward of 2000 individuals.

4.4.2  Aquatic Ecology

Natural aquatic habitats on the Hanford Site include the Columbia River , which flows along the
northern and eastern edges of the Hanford Site, small spring-streams and seeps located mainly on ALE
(Figure 4.3-1) in the Rattlesnake Hills, and wetland habitats. West Lake isasmall saline pond created by
arisein the water tablein the 200 Areas and is not fed by surface flow. Evaporation of groundwater and
possible disposal of sewage during the early Hanford years created highly saline and alkaline conditions
that greatly restricted the complement of biotain West Lake (Poston et al. 1991).

4421 ColumbiaRiver

The Columbia River isthe dominant aguatic ecosystem on the Hanford Site and supports alarge and
diverse community of plankton, benthic invertebrates, fish, and other communities. It hasadrainage area
of about 680,000 km? (262,480 mi?), an estimated average annual discharge of 6600 m*/s (71,016 ft*/s),
and atotal length of about 2000 km (about 1240 mi) from its origin in British Columbia to its mouth at
the Pacific Ocean. The Columbia has been dammed both upstream and downstream of the Hanford Site,
and the Reach flowing through the Site is the last free-flowing, but regulated, section of the Columbia
River in the United States above Bonneville Dam. No tributaries enter the Columbia River during its
passage through the Hanford Site; however, there are several irrigation water return canalsthat discharge
into the river along the Franklin County shoreline. The presence of irrigation drainage ponds on the
Wahluke Slope in Grant County suggests that groundwater seepage enters the river along the north
shoreline opposite the 100-B/C to 100-D Areas as well as at the eastern shoreline bordering Franklin
County.

Asaresult of the Hanford Reach National Monument designation, the USFWS manages the Hanford
Reach as a wildlife management unit, along with the other units associated with the Arid Lands National
Wildlife Refuge Complex. The U.S. Department of the Interior's Record of Decision, Hanford Reach d
the ColumbiaRiver: Final Environmental Impact Statementfor Comprehensive River Conservation Study
recommended that the Hanford Reach be designated a Wild and Scenic River (DOI 1996).

The Columbia River isa very complex ecosystem because of its size and biotic diversity. Streamsin
general, especially smaller ones usually depend on organic matter from outside sources (e.g., terrestrial
plant debris) to provide energy for the ecosystem. Largerivers, particularly the Columbia River with its
series of large reservoirs, contain significant populations of primary energy producers (e.g., agae and
plants) that contribute to the basic energy requirements of the biota.



Phytoplankton (free-floatingalgae) and periphyton (sessilealgae) are abundant in the ColumbiaRiver
and providefood for herbivoressuch asimmatureinsects, which in turn, are consumed by predators.
Plankton populationsin the Hanford Reach are influenced by communitiesthat develop in the reservoirs
of upstream dams, particularly Priest Rapids Reservoir, and by manipulationof water levels below by
dam operations in upstream and downstream reservoirs. Phytoplankton and zooplankton popul ations at
the Hanford Site are largely transient, flowing from one reservoir to another. Thereis generally
insufficient time for characteristicendemic groups of phytoplankton and zooplankton to developin the
Hanford Reach.

Phytoplankton. Phytoplankton species identified from the Hanford Reach includediatoms, golden
or yellow-brown algae, green algae, blue-green algae, red algae, and dinoflagellates. Studies show
diatomsare the dominant algae in the Columbia River phytoplankton, usually representing more than
90% of the populations. The main generaincluded Asterionella, Cyclotella, Fragilaria, Melosira,
Stephanodiscus, and Synedra (Neitzel et al. 1982a). Thesearetypical of thoseformsfound in lakes and
pondsand originatein upstream reservoirs. A number of algae found asfree-floating speciesin the
Hanford Reach of the ColumbiaRiver are actually derived from the periphyton; they were detached and
suspended by current and frequent fluctuations of the water level.

Cushing (1967a) found peak concentrationsof phytoplankton occurredin April and May, with a
secondary peak in late summer/early autumn. The spring pulsein phytoplankton density was probably
related to increasing light and water temperature rather than to availability of nutrients, as phosphate and
nitrate nutrient concentrationsare never limiting. Minimum numbers were present in December and
January. Green algae (Chlorophyta) and blue-green algae (Cyanophyta)occur in phytoplankton
communitiesduring warmer months but in substantially fewer numbersthan diatoms. Diversity indices,
carbon uptake, and chlorophyll-aconcentrationsfor the phytoplankton a varioustimes and locationscan
befound in Beak Consultants Inc. (1980), Neitzel et a. (1982a), and Wolf et a. (1976). There have not
been any phytoplankton studies conducted in the Hanford Reach in recent years.

Periphyton. Communitiesof periphytic species (*benthic microflora) develop on suitable solid
substrate wherever thereis sufficient light for photosynthesisand adequate current to prevent sediment
from covering the colonies. Operation of Priest Rapids Dam resultsin frequent river level fluctuations.
Thesefluctuationsresult in exposed shoreline areas that do not allow for the establishment of viable and
persistent periphyton communitiesin shoreline areas inundated by water at flows greater than 1310
m®/sec (46,300 ¢cfs). Cushing (1967b) observed peaks of production to occur in spring and |ate summer.
Dominant genera are the diatoms A chnanthes, Asterionella, Cocconeis, Fragilaria, Gomphonema,
Melosira, Nitzchia, Stephanodiscus, and Synedra (Beak ConsultantsInc. 1980, Neitzel et al. 1982a, Page
and Neitzel 1978, Pageet a. 1979).

M acr ophytes. Macrophytesare sparse in the ColumbiaRiver because of strong currents, rocky
bottom, and frequently fluctuating water levels. Rushes (Juncus spp.) and sedges(Carex spp.) occur
along shorelines of the dack-water areas such as White Bluffs Slough below the 100-H Area, the slough
areadownstream of the 100-F Area, and Hanford Slough. Reed canary grass (Phalarisarundinacea) isa
common non-native species found along shorelineareas. Macrophytesare also present aong gently
sloping shorelinesthat are subject to flooding during the spring freshet and daily fluctuatingriver levels
(below Coyote Rapids and the 100-D Area). Commonly found plantsinclude duckweed (Lemna), and the
native rooted pond weeds (Potamogeton sp. and Elodea canadensis). Wherethey exist, macrophytes
have considerableecological value. They providefood and shelter for juvenilefish and spawning areas
for some species of warm water gamefish. Eurasian milfoil (Myriophyllum spicatum), an exotic
macrophyte, has increased to nuisance levels, and may encourage increased sedimentation of fine
particulate matter. These changes could have a significant impact on trophic relationshipsin the
Columbia River.
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Zooplankton. The zooplankton populations in the Hanford Reach of the Columbia River are
generally sparse. Studies by Neitzel etal. (1982b) indicate crustacean zooplankters were dominant in the
open-water regions. Dominant genera were Bosmina, Diaptomus, and Cyclops. Densities were lowest in
winter and highest in the summer, with summer peaks dominated by Bosmina, ranging up to 160,650
organisms/m?® (4500 organisms/ft®). Winter densities were generally <1785 organisms/m? (<50
organismg/ft®) (Brandt et al. 1993). Diaptomus and Cyclopsdominated in winter and spring, respectively.
There have been no recent studies of zooplankton in the Hanford Reach.

Benthic Organisms. Benthic organisms are found either attached to or closely associated with the
substratum. All major freshwater benthic taxa are represented in the Columbia River. Insect larvae such
as caddisflies (Trichoptera), midge flies (Chironomidae), and black flies (Simuliidae) are dominant.
Dominant caddisfly species are Hydropsyche cockerelli, Cheumatopsyche campyla, and C. enonis. Other
benthic organisms include clams, limpets, snails, sponges, and crayfish. Operation of Priest Rapids Dam
results in frequent river level fluctuations. These fluctuations result in exposed shoreline areas during
low-flow periods that do not allow for the establishment of persistent benthic communities. Clamsand
crayfish have difficulty in establishing populationsin stranded shoreline areas that are frequently left
dewatered by river level fluctuations. Species with rapid life cycles are less likely to be impacted by river
fluctuations.

Early Hanford studies found crayfish numbers in shallow water areas ranged from 0.2 to 1.1
individual§/ft? of river bottom, with adiet primarily of vegetation (Coopey 1953), whileinsect larvae
numbers were sometimes as high as 2000/ft* (Davis and Cooper 1951). Peak-larval insect densities are
found in latefall and winter, and the major emergenceisin spring and summer (Wolf 1976). Stomach
contents of fish collected in the Hanford Reach from June 1973 through March 1980 revealed that benthic
invertebrates were important food items for nearly al juvenile and adult fish. There was a correlation
between food organisms in the stomach contents and those in the benthic and invertebrate drift
communities. A recent survey by The Nature Conservancy (Soll et al. 1999) identified 21 new taxa of
aquatic invertebrates from the Hanford Reach bringing the total number of aquatic invertebrate taxaat
Hanford to 151.

Invertebrate surveys on the ALE Reserve identified 30 new taxa at Rattlesnake Springsand 12 new
taxaat Snively Springs (Soll et al. 1999). Theserecent findings bring the total number of taxa at each
spring to 43 and 24, respectively.

Fish. Gray and Dauble (1977) listed 43 species of fish in the Hanford Reach of the Columbia River.
The brown bullhead (I ctalurus nebulosus), collected since 1977, brings the total number of fish species
identified in the Hanford Reach to 44 (Appendix A, Table A-5). Of these species, Chinook salmon
(Oncorhynchus tshawytscha), sockeye salmon (Oncorhynchus nerka), coho salmon (Oncorhynchus
kisutch), and steelhead trout (Oncorhynchus mykiss) use the river asa migration routeto and from
upstream spawning areas and are of the greatest economic importance. Additionaly, fall Chinook salmon
and steelhead trout spawn in the Hanford Reach. The relative contribution of up-river bright stocksto fall
Chinook sailmon runs in the Columbia River increased from about 24% of the total in the early 1980s, to
50% to 60% of the total by 1988 (Daubleand Watson 1990). Inundation of other mainstream Columbia
spawning grounds by dams has increased the relative importance of the Hanford Reach to fall Chinook
salmon production in the Columbiaand Snake rivers (Watson 1970, 1973, Dauble and Watson 1997).
Operation of Priest Rapids Dam, however, can result in frequent river level fluctuations. River
fluctuations can expose shoreline and cobble bars during low-flow periods. In recent years, Priest Rapids
Dam has operated with an objective to stabilize fall river levelsto prevent salmon from spawning in areas
that will be exposed at low river flow during the winter, thus protecting salmon redds from desiccation
and temperature extremes.



The steelhead fishery in the Hanford Reach (Highway 395 Bridge to Priest Rapids Dam) consists
amost exclusively of summer-run fish. The Washington State Department of Fish and Wildlife (WDFW)
estimates sport catch for the 2002 season as 1100 fish. The majority of these fish were marked hatchery
fish. In recent years the return of fall Chinook salmon has been high and the harvest during 2002 was
7550 adult and about 1000 jacks (precocious males).

American shad (Alosa sapidissima), another anadromous species, may also spawn in the Hanford
Reach. The upstream range of the shad has been increasing since 1956 when <10 adult shad ascended
McNary Dam. Since then, the number of shad ascending Priest Rapids Dam has risen to many thousands
each year, and young-of-the-year have been collected in the Hanford Reach. Shad are not dependent on
the same conditions that are required by the salmonidsfor spawning and apparently have found favorable
conditionsfor reproduction throughout much of the Columbia and Snake rivers.

Other fish of importance to sport fishermen are mountain whitefish (Prosopium williamsoni), white
sturgeon (Acipenser transmontanus), smallmouth bass (Micropterus dolomieui), crappie (Pomoxis
nigromaculatus), catfish (Ictalurus punctatus), walleye (Stizostedion vitreum), and yellow perch (Perca

flavescens). Large populations of rough fish are also present, including carp (Cyprinus carpio), redside
shiner (Richardsonius balteatus), suckers (Catostomus macrocheilus), and northern pikeminnow
(formerly known as "' squawfish™) (Ptychocheilusoregonensis). Because northern pikerninnow feed on
juvenile salmon, WDFW has established a bounty program on adult pikeminnow to bolster salmon runs.
Northern pikeminnow removed from the Hanford Reach are usually turned in at bounty stations located at
Columbia Point in Richland and at the Vernita Bridge rest stop.

4422  Spring Streams

Small interrupted streams, such as Rattlesnake and Snively springs located on the Arid Lands
Ecology Unit, contain diverse biotic communities and are extremely productive (Cushing and Wolf
1984). Dense blooms of watercress occur and are not lost until a major flash floods occurs. Aquatic
insect production isfairly high as compared with mountain streams (Gaines 1987). The macrobenthic
biota varies from site to site and is related to the proximity of colonizing insectsand other factors. The 24
Command Fire of 2000 (BAER 2000) has had little direct impact on the stream ecology, even though the
riparian transect along the lower two-thirds of the stream was heavily damaged by thefire.

Rattlesnake Springs, on the western side of the Hanford Site, forms a small surface stream that flows
for about 2.5 km (1.6 mi) before disappearing into the ground as a result of seepage and
evapotranspiration. Base flow of this streamis about 0.01 m%s (0.4 ft*/s) (Cushing and Wolf 1982).
Water temperature ranges from 2" to 22°C (36° to 72°F). Mean annual total akalinity (asCaCO.), nitrate
nitrogen, phosphate phosphorus, and total dissolved solids are 127, 0.3, 0.18, and 217 mg/L., respectively
(Cushing and Wolf 1982, Cushing et al. 1980). The sodium content of the spring water is about 7 ppm
(Brown 1970). Rattlesnake Springsisof ecological importance because it provides a source of water to
terrestrial animalsin an otherwise arid part of the Hanford Site. Snively Springs, located farther west and
at a higher elevation than Rattlesnake Springs, is aso another source of drinking water for terrestrial
animals. Both springs provide a valuable source of drinking water for the Rattlesnake Hillselk herd. The
major rooted aquatic plant, which in places may cover the entire width of the stream, is watercress.
Isolated patches of bulrush, spike rush, and cattail occupy <5% of the streambed.

Primary productivity at Rattlesnake Springsis greatest during the spring and coincident with the
maximum periphyton standing crop. Net primary productivity averaged 0.9 g/cm*/d organic matter
during 1969 and 1970; the spring maximum was 2.2 g/lcm*/d. Seasonal productivity and respiration rates



are within the ranges reported for arid region streams. Although Rattlesnake Springs is a net exporter of
organic matter during much of the growing season, it is subject to flash floods and severe scouring and
denuding of the streambed during winter and early spring, making it an importer of organic materials on
an annual basis (Cushing and Wolf 1984).

Secondary production is dominated by detritus-feeding collector-gatherer insects (mostly
Chironomidae and Simuliidae) that have multiple cohorts and short generation times (Gaines et d. 1992).
Overal productionis not high and islikely related to the low diversity found in these systems related to
the winter spates that scour the spring-streams. Total secondary production in Rattlesnake and Snively
springs is 16,356 and 14,154 g dry weight/m*/yr, respectively. Thereisan indication that insects in these
spring-streams depend on both autochthonous (originating within the stream) and allochthonous
(originating outside the stream) primary production as an energy source, despite significant shading by
exotic species of treesand shrubs (Mize 1993).

Schwab et . (1979) published an inventory of the many springs occurring on the Rattlesnake Hills.
Limited physical and chemical dataare included for each site.

4423 Waetland Habitats

Several habitats on the Hanford Site could be considered wetlands. Thelargest wetland habitat is the
riparian zone bordering the Columbia River. The extent of this zone varies but includes extensive stands
of willows, grasses, and other plants. The zoneis extensively impacted by both seasonal water-level
fluctuationsand daily variations related to power generation at Priest Rapids Dam immediately upstream
of Hanford. There are also minor impacts to shoreline areas near the 300 Area, asaresult of fluctuating
water levels in Lake Wallula as established by operations at McNary Dam downstream of the Hanford
Site.

Other wetland habitats can be found within the Saddle Mountain National Wildlife Refuge Unit and
the Wahluke Unit. These two areas encompass all the lands extending from the north bank of the
Columbia River northward to the Hanford Site boundary and east of the Columbia River from Ringold
Springs north to Highway 24 in Adams County. Wetland habitat in these areas consists of fairly large
pond habitat resulting fromirrigation runoff (Figure4.3-1). These ponds have extensive stands of cattails
and other emergent aguatic vegetation surrounding the open-water regions. They are extensively used as
nesting sites by waterfowl and support populations of warm water fish that have been introduced by the
irrigation network.

With the cessation of nuclear materials production activities at the Hanford Site, the amount of water
discharged to the ground in the 200 Area Plateau has significantly decreased. West Lakeisa saline pond
that is created by the elevated water table cause by surface water discharges in the 200 Areas (Poston et
al. 1991). Over the past 10 years, the pond has decreased in size and currently consists of a group of
small isolated poolsand mud flats. Avocets, killdeer, and sandpipers still use the lake basin and feed on
invertebrates (primarily brine flies (Ephidridae spp. and Oligochaetes) that can tolerate the high salinity of
the pond. The reduced pond does not support coots or other nesting waterfowl. The water istoo saline
for consumption by mammals.

Some wetland habitat exists in the riparian zones of some of the larger spring streams on the ALE
Reserve. These are not extensive and usually amount to less than 0.01 km? (0.004 mi?) in size, although
the riparian zone along Rattlesnake Springs is probably about 2 km (1.2 mi) in length and consists of
peach leaf willows, cattails, and other exotic plants. The 24 Command Fire killed or damaged many of
the large trees found along the riparian zone.



The USFWS has published a series of 1:24,000 maps that show the locations of wetlands. An
accompanying booklet describes how to use these maps. Four sets of these maps covering the Hanford
Site and the instructional booklet for their use are available from D. A. Neitzel, Sigma5 Building/Room
1105 (PNNL) or P. F. Dunigan, Federa Building/Room 576 (DOE).

4424 Temporary Water Bodies

Severa artificial water bodies, both ponds and ditches, were formed as a result of wastewater disposal
practices associated with operation of the reactors and separation facilities. Most of these have been
taken out of service and have been backfilled with the cessation of activities (except West Lake). When
present, however, they formed established aquatic ecosystems complete with representative flora and
fauna (Emery and McShane 1980). The temporary wastewater ponds and ditches existed for aslong as
two decades and covered fairly large areas. Rickard et al. (1981) discusses the ecology of Gable
Mountain Pond, one of the former major lentic sites at Hanford. Emery and McShane (1980) present
ecological characteristics of al the temporary water bodies. The ponds developed luxuriant riparian
communities and became quite attractive to autumn and spring migrating birds. Several species have
nested near the ponds. Section 4.3.1.8 describes those water bodies still active. Theseformer sites have
been decommissioned and are now covered with overburden and planted with grasses for stabilization.

443 Threatened and Endangered Species

Threatened and endangered plants and animalsidentified on the Hanford Site, as listed by thefederal
government (50 CFR 17) and Washington State (Washington Natural Heritage Program 2002), are shown
in Table4.4-1. No plants, reptiles, amphibians, invertebrates, or mammals on the federal list of
threatened and endangered wildlife and plants (50 CFR 17) are known to occur on the Hanford Site.
However, the bald eagle and two species of fish (steelhead and spring-run Chinook salmon) currently
found on the federal list of threatened and endangered species are present on the Hanford Site on aregular
basis. Several species of both plants and animals are under consideration for formal listing by the federal
government and Washington State. The USFWS reviews the status of candidate speciesfor listing under
the Endangered Species Act on an annual basis. The results of these reviews are posted on the USFWS
homepage (http://www.fws.gov). Anadromous fish are reviewed and listed by the National Marine
Fisheries Service (NMFS) (http:llwww.nwr.noaa.aov). Additionally, a 1998 amendment to the Fish and
Conservation Act directs the USFWS to identify species, subspecies, and populations of al migratory
non-game birds that, without additional conservation actions, are likely to become candidates for listing
under the Endangered Species Act (USFWS 2002). These birds, designated as Birds of Conservation
Concern, aso include recently delisted species. Table 4.4-2 lists Birds of Conservation Concern, as
recognized by the USFWS that have been observed on the Hanford Site.

Washington State considers shrub-steppe habitat priority habitat because of its relative scarcity in the
state, and because of its requirement as nesting/breeding habitat by several state and federal species of
concern. Designation and characterization of priority habitat serves to provide a basis for sound and
defensible land management planning and assists the DOE in implementing sound stewardship activities
in site management to protect regulated species. Severa recent publications describe the distribution of
threatened and endangered species on the Hanford Site (Becker 1993, Cadwell 1994, Downs et al. 1993,
Fitzner et al. 1994, Frest and Johannes 1993, and Soll et al. 1999).



Table4.4-1. Federal- or Washington State-Listed Threatened (T), Endangered (E), and Candidate (C)

Species Occurring on the Hanford Site ®

Common Name

Scientific Name

Federal ® State®

Plants

Columbia milkvetch Astragalus columbianus -@ T
dwarf evening primrose Camissonia (= Oenothera) pygmaea - T
Hoover's desert parsley L omatium tuberosum T
loeflingia Loeflingia squarrosa var. squarrosa - T
persistent sepal yellowcress Rorippa columbiae T
Umtanum desert buckwheat Eriogonum codium C E
White Bluffs bladderpod Lesquerella tuplashensis C E
white eatonella Eatonella nivea T
Fish

spring-Chinook salmon Oncorhynchus tshawytscha E®© C
steelhead Oncorhynchus mykiss E©® C
Birds

American white pelican Pelecanus erythrorhychos E
bald eagle Haliaeetus leucocephalus T T
ferruginous hawk Buteo regalis T
sandhill crane Grus canadensis E
greater sage grouse Centrocercus urophasianusphaios C

(8) USFWS (2003) characterizes bull trout (Salvelinus confluentus), yellow-billed cuckoo (Coccyzusamericanus), and Ute
ladies' —tresses (Spiranthes diluvialis) as occurring on the Hanford Site. These species have not been included in this
table because their habitat is not typically found on the Hanford Site.

(b) SOCFR 17 (http://www.fws.gov).

(c) Washington Natural Heritage Program 2002. (http://www wa.gov/wdfw/hab/)

(d) Nolisting status

(e) Protected as an Evolutionary Significant Unit for the upper ColumbiaRiver

4431 Plants

Eight species of Hanford Site plants are included in the Washington State listing as threatened or
endangered (Washington Natural Heritage Program 2002). Columbia milkvetch (Astragalus
columbianus) occurs on dry-land benches along the Columbia River near Priest Rapids Dam, Midway,
and Vernita; it also has been found atop Umtanum Ridge, in Cold Creek Valley near the present
vineyards, and on Y akima Ridge (on ALE). Dwarf evening primrose (Camissoniapygmaea) has been
found north of Gable Mountain near the Vernita Bridge, Ringold, and on mechanically disturbed areas
(e.g., the gravelpit near the Wye Barricade). Hoover's desert parsley (Lomatium tuberosum) grows on
steep talus slopes near Priest Rapids Dam, Midway, and Vernita. Persistent sepal yellowcress (Rorippa
columbiae) occurs in the wetted zone of the water's edge along the Hanford Reach. Loeflinga (Loeflingia
squarrosavar. squarrosa) has been found in the black-sands areas north of Gable Mountain and white
eatonella (Eatonella nivea) has been found on the slopes near Vernita Bridge. Umtanum desert
buckwheat (Eriogonum codium) (reported on Umtanum Ridge) and White Bluffs bladderpod (Lesquerella
tuplashensis) (reported on the White Bluffs) occur only on the Hanford Site and nowhere elsein the
world (Soll et al. 1999).




Table4.4-2. Birds of Conservation Concern Observed on the Hanford Site (USFWS 2002)

Common Name

Scientific Name

Swainson's hawk
fermginous hawk
golden eagle
peregrine falcon
prairiefalcon
grasshopper sparrow
greater sage grouse ®
American avocet
solitary sandpiper
long-billed curlew
marbled godwit
sanderling

Wilson's phalarope
flammulated owl
burrowing owl
Lewis woodpecker
loggerhead shrike
Brewer's sparrow

sage sparrow
sage thrasher

Buteo swainsoni

Buteo regalis

Aquila chrysaetos

Falco peregrinus

Falco mexicanus
Ammodramus savannarum
Centrocer cus urophasianus phaios
Recuwirostra americana
Tringa solitaria

Numenius americanus
Limosa fedoa
Calidrisalba
Phalaropustricolor

Otus flammeolus

Athene cunicularia
Melanerpeslewis

Lanius ludovicianus
Spizella breweri
Amphispiza belli
Preoscoptes montanus

(a) Endangered Species Aat candidate

Two species of listed plants have been considered as possible inhabitants of the Hanford Sitein prior
years. Northern wormwood (Artemisia campestris ssp borealis var. wormskioldii) isafederal candidate
for listing and is a Washington State endangered species. It isknown to occur near Beverly; however,
surveys by The Nature Conservancy (Soll et al. 1999) did not find any occurrences along the northern
shoreline of the Columbia River acrossfrom the 100 Areas. The Nature Conservancy believes the only
remaining portions of the Hanford Site that have not been surveyed and could support northern
wormwood are islands in the Hanford Reach. Similarly, Wanapum crazyweed (Oxytropiscampestris
var.wanapum) is only found near the western end of Saddle Mountain and could also befound on the
Hanford Site. This plant isafederal speciesof concern and is listed asendangered by the State of
Washington.

Table 4.4-3 lists Washington State plant species of concern that are currently listed as sensitive or are
in one of three monitored groups (Washington Natural Heritage Program 2002).

4432 Animals

The federal government lists the bald eagle as threatened and the upper Columbia River spring-run
Chinook salmon and upper Columbia River steelhead as endangered. Mid-Columbia River steelhead are



Table4.4-3. Washington State Plant Species of Concern Occurring on the Hanford Site

Common Name Scientific Name State Listing®
annual paintbrush Cadtillgaexilis R1
awned halfchaff sedge Lipocarpha (= Hemicarpha) aristulata S
basalt milk-vetch Astragalus conjunctus var. rickardii R1
brittle prickly pear Opuntiafragilis R1
Canadian St. John's wort Hypericummajus S
chaffweed Centunculus minimus R1
coyote tobacco Nicotiana attenuata S
desert dodder Cuscuta denticulata S
desert evening-primrose Oenothera caespitosa S
false pimpernel Lindemia dubia anagallidea R2
fuzzytongue penstemon Penstemon eriantherus whitedii R1
Geyer's milkvetch Astragalus geyeri S
grand redstem Ammannia robusta S
gray cryptantha Cryptantha leucophaea S
Great Basin gilia Gilia leptomeria S
hedge hog cactus Pediocactussimpsonii var. robustior R1
lowland toothcup Rotala ramosior S
Miner's candle Cryptantha scoparia S
Piper' sdaisy Erigeron piperianus S
rosy pussypaws Calyptridium roseum S
shining flatsedge Cyperus bipartitus (rivularis) S
small-flowered evening-primrose  Camissonia (= Oenothera) minor R1
small-flowered nama Nama densum var. parviflorum R1
Snake River cryptantha Cryptantha spiculifera (= C. interrupta) S
Suksdorf's monkey flower Mimulus suksdorfii S
winged combseed Pectocarya penicillata var.penicullata R1

The following species have been reported as occurring on the Hanford Site, but the known collections are
questionable in terms of location or identification. They have not been collected recently on the Hanford
Site.

beaked spike-rush Eleocharisrostellata S

dense sedge Carex densa S

few-flowered collinsia Collinsia sparsiflora var . bruciae S

orange balsam Impatiensaurella R2
Palouse milkvetch Astragalus arrectus S

porcupine sedge Carex hystericina S

Thompson's sandwort Arenaria franklinii thompsonii R2
(@) Asdetermined by Washington Natural Heritage Program 2002 (http://www.wa. gov/dur/doc)

S = Sensitive(i.e., taxa vulnerableor declining) and could become endangered or threatened
without active management or removal of threats.

R1 = Taxafor which there are insufficient data to support listing as threatened, endangered, or
sensitive (formerly monitor group 1).

R2= Taxa with unresolved taxanomic questions (formerly monitor group 2).
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listed as threatened. Washington State lists the American white pelican and sandhill crane (Grus
Canadensis) as endangered and lists the ferruginous hawk, greater sage grouse, and bald eagle as
threatened. Sage grouse were sighted on ALE in 1999 and 2000, but have not been observed since the 24
Command Fire that occurred during 2000. White pelicans have become residents of the Hanford Site but
are not known to nest onsite and sandhill cranes have been occasionally observed on the Reach during
their spring migrations. Ferriginous hawks are known to nest on metal transmission towers throughout
the central portion of the Hanford Site.

The bald eagleis aregular winter resident and forages on dead sdlmon and waterfowl along the
ColumbiaRiver; it has not nested on the Hanford Site, although it has attempted to nest for the last
several years. Accesscontrolsarein place aong the river while eagles are present to prevent their
disturbance. Washington State Bald Eagle Protection Rules were issued in 1986 (Washington
Administrative Code [WAC]-232-12-292). DOE developed a site management plan (Fitzner and Weiss
1994) to mitigate eagle disturbance. Thisdocument constitutesa biological assessment for those
activitiesimplemented in accordancewith the plan and, unlessthere are extenuating circumstances
associated with a given project, the document fulfillsthe requirements of Section 7 (a)(2) of the
Endangered Species Act (16 USC 1531-1544) for bald eaglesand peregrinefalcons. Section 7 (@) of the
Endangered Species Act also requires consultation with the U.S. Department of the Interior when any
actionistaken that may destroy, adversely modify, or jeopardize the existencedf bald eagle or other
endangered species critical habitat. At thistime, bald eagles are under consideration for de-listing;
however, the species will require5 yearsof post de-listing monitoring (50 CFR 17).

Steelhead and salmon are regulated as Evolutionary Significant Units (ESU) by the NMFS based on
their historical geographic spawning areas. The upper Columbia River ESU steelhead (Oncorhynchus
mykisg was listed as endangered in August 1997 and the mid-Columbia ESU steelhead were listed as
threatened on March 25, 1999 (64 FR 14517). The upper Columbia River ESU spring-run Chinook
salmon (Oncorhynchustshawytscha) was listed as endangered in March 1999. These adult steelhead and
Chinook salmon migrate upstream through the Hanford Reach to spawn in upriver tributariesand
juveniles pass through the Hanford Reach on their outward migration to the sea. A salmon and steelhead
management plan (DOE 2000b) for Hanford Reach steelhead and upriver Columbia River ESU spring-
run Chinook was developed as required by section 7 (a)(2) of the Endangered Species Act.

Several federal - or state-listed species have been reported on very rare instances on or near the
Hanford Site. The bull trout (Salvelinus confluentus), a state candidate species and federal threatened
species, has been reported in the Hanford Reach, but its natural habitat is mountain streams; anecdotal
accounts of bull trout in the Hanford Reach are likely individual smoved downstreamduring the spring
freshet. Peregrinefalcons(Fal co pereginus) are occasionaly seen on the Hanford Site during migration,
but are no longer listed as a state or federal endangered species. The pygmy rabbit (Brachylagus
idahoensis) was recently listed as " Emergency listing, endangered" for the Columbia Basin distinct
population. The pygmy rabbit has been reported as residing on the ALE Reserve (Fitzner and Gray
1991). However, this observation is based on only one reported sighting in 1979. Their presenceon the
Hanford Site is unlikely and has not been documented with additional sightings or physical evidence
since that time despite intensive surveys.

There are several Washington State candidate species that have been reported on the Hanford Site
(Table4.4-4). Declinedf steppe habitat statewide hasresulted in the designation of black-tailed and
white-tailed jackrabbits as state candidate species. Any number of speciescapableof flight could
inadvertently be found onsite. Two candidate butterflies, the juniper hairstreak (Callophrys gryneus) and
the silver bordered bog fritillary (Boloria selene atrocostalis), have been sighted in areas closeto
Hanford, but have never been observed on the Site. Similarly, Townsend'sbig eared bat (Plecotus



townsendii) has not been observed on the Hanford Site, but could migrate to the Site. Surveys of likely
roosting areas in the 100 Area buildings have not documented its presence to date. Two candidate birds,
the flammulated owl (Otus flammeolus) and Lewis woodpecker (Melaner pesiewis), have been observed
onsite but are considered rare visitorsrather than resident species. The common loon (Gaviaimmer) is
the only Washington State sensitive animal found on the Hanford Site.

Table4.4-4. Washington State Candidate Animal Species Occurring or Potentially Occurring on the

Hanford Site

Common Name Scientific Name
Molluscs

giant Columbia River spiresnail® Fluminicola(= Lithoglyphus) columbiana
giant Columbia River limpet Fisherola (= Lanx) nuttalli
Fish

spring-run Chinook®™ Oncorhynchus tshawytscha
steelhead Oncorhynchus mykiss

Birds

burrowing owl™" Athene cunicularia

golden eagle Aquila chrysaetos

loggerhead shrike™) Lanius ludovicianus

merlin Falco columbarius

northern goshawk™® Accipter gentilis

sage sparrow Amphispiza belli

sage thrasher Oreoscoptes montanus

western Grebe Aechmophorusoccidentalis
Vaux's swift Chaetura vauxi

Reptiles

striped whipsnake Masticophistaeniatus
Mammals

black-tailed jackrabbit Lepus californicus

Merriam's shrew Sorex merriami

Washington ground squirrel Sper mophilus washingtoni
white-tailed jackrabbit Lepustownsendi

Information from Washington Department of Fish and Wildlife (http:/www.wa.goviwdfw/hab/phsdef.htm )
(@) Federal species of concern.

(b) Federal endangered.
(c) Reported, but seldom observed on the Hanford Site.
(d) Federa candidate.
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45 Cultural, Archaeological, and Historical Resour ces
E. L. Prendergast-Kennedy, D. W. Harvey, and D. M. Woody

Thefollowing section represents a summary of cultural, archaeological, and historical resourcesthat
are known to be located on the Hanford Site. The inventory is based on asummary of archaeological,
historical, and ethnographi cdata collected from archival records, archaeological surveys, and
ethnographic interviews. It does not reflect acompleteinventory as presently 24% of the Hanford Site
has been surveyed for archaeological resources (Figure4.5-1).

The Hanford Siteis one of the richest cultural resourceareas remaining in the western Columbia
Plateau. The Sitecomprisesa series of cultural landscapes containing the cumulativerecord of multiple
occupationshy both Native and non-Native Americans. For management and interpretive purposes, these
cultural landscapes have been divided into the Native American Landscape, the Early Settlers/Farming
Landscape, and the Manhattan Project and Cold War Landscape. These landscapes contain numerous
well-preserved archaeological resources representing pre-contact, ethnographic,and historic periods.
Period resources include sites with cultural materialsthat are thousandsof yearsold, traditiona cultural
places, and buildings and structuresfrom the pre-Hanford, Manhattan Project, and Cold War eras. (For
overal site-wide history, an online report is availableat http://www.hanford.,oov/doe/culressmpd (DOE
1997¢). Site-wide management of Hanford's cultural resources will follow the Hanford Cultural
Resources Management Plan (DOE 2003a).

Approximately 1405 cultural resources sites and isolated finds, and 531 buildings and structures have
been documented since 1926 on the Hanford Site. Early archaeological reconnai ssanceprojectsdating
from 1926 to 1968 (Drucker 1948, Krieger 1928, Rice 1968a,b) and more recent National Historic
Preservation Act, Section 110 and 106, archaeological surveys conducted between 1987 and 2002 have
resulted in formal recording of these resources on archaeological site and isolateformsand Washington
State Historic Property Inventory Forms. The DOE Hanford Cultural Resources Laboratory (HCRL)
holds these records.

Of the 127 sites that have been evaluated for listing in the Nationa Register of Historic Places
(National Register), 49 have been listed. Except for B-Reactor, which is associated with the Manhattan
Project and Cold War Period, the other listed sites are associated with the Native American Landscape.
Most of these are part of six Archaeological Districts and with the exception of the Rattlesnake Springs
Sites and the Snively Canyon Archaeological District, are situated on the shores and islands of the
ColumbiaRiver (Table4.5-1).

Eleven individua archaeological sitesand three historic districtscomprising 58 archaeological sites
and 530 buildings or structureshave also been determined to be eligiblefor listingin the National
Register (Table4.5-2). These sitesare dispersed throughout the Hanford Site and represent the three
cultural landscapesfound on the Hanford Site. In addition to the Nationa Register sitesand districts, 47
of Hanford'scultural resourcesites (46 in three districts and one site) arelisted in the Washington
Heritage Register (Table4.5-3). These are associated with the Native American cultural landscapeand
are located predominantly along the Columbia River. More information on siteslisted and eligiblefor
listing in the Nationa Register and the Washington Heritage Register may be found by contacting the
DOE Richland Operations Office, Hanford Cultural and Historic Resources Program.
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Table4.5-1. Hanford Site, Washington Historic Buildings, Archaeological Sites, and Districts Listedin

the National Register of Historic Places

Property Name

General Location

L andscape Association

Digtricts:

Hanford North Archaeological District
Locke Island Archaeological District
Ryegrass Archaeological District
Savage |dland Archaeological District
Snively Canyon Archaeological District
Wooded Idand Archaeological District
Sites:

Hanford Idand Archaeological Site (45BN121)
Paris Archaeological Site (45GR317)
Rattlesnake Springs Sites (2) (45BN 170,
45BN171)

Building:

105-B Reactor

Vicinity of 100-F

Vicinity of 100-H

Vicinity of 100-K

North of Energy Northwest
RattlesnakeHills

North of 300 Area

Vicinity of Hanford Townsite
Vicinity of VernitaBridge

Base of Rattlesnake Mt.

100 B/C Area

Native American
Native American
Native American
Native American
Native American
Native American

Native American
Native American

Native American

Manhattan Project

Table4.5-2. Hanford Site, Washington Historic Buildings, Archaeological Sites, and Districts
Determined Eligible for Listing in the National Register of Historic Places

Property Name

General Location

Native American:

Gable Mountain Cultural District (TCP)
45BN423

45BN434

45BN446

45BN606 (HT-95-186)

45BN888 (HT-2001-007)

Early Settlers:

McGee Ranch/Cold Creek Valley District
HT-95-050 (Fry and Conforth Farm)

H3-121 (White Bluffs Road)

HT-95-231 (First Bank of White Bluffs)
HT-98-039 (Bruggemann's Warehouse)
Hanford Electrical Substation-Switching Station
Hanford High School

Coyote Rapids Hydroel ectric Pumping Plant

Manhattan Project/Cold War:

Hanford Site Manhattan Project and Cold War

Era Historic District

HT-94-028 (Anti-Aircraft Artillery Site)

HT-94-029 (Anti-Aircraft Artillery Site)

HT-94-030 (Anti-Aircraft Artillery Site)

HT-94-031 (Anti-Aircraft Artillery Site)

HT-94-032 (Anti-Aircraft Artillery Site)

HT-99-007 (Hanford Atmospheric Dispersion Test Facility)

600 Area, North of 200 East
100K Area

100K Area

100 B/C Area

100-F Area

100-D Area

600 Area (Along HW 24)

600 Area, East of 100 B/C Area
600 Area, 200 West Area

Town of White Bluffs

600 Area, West of 100 B/C

600 Area

600 Area

600 Area

100,200 E and W, 300,400,600,700, and
1100 Areas

600 Area, vicinity of 200 E/'W

600 Area, vicinity of 200 E/W

600 Area, vicinity of 200 E/wW

600 Area, vicinity of 200 E/'W

600 Area, vicinity of 200 E/W

600 Area, vicinity of 200 E/'W




Table4.5-3. Hanford Site, Washington Archaeological Sites and Districts Listed in the Washington

Heritage Register
Property Name General L ocation
Digtricts:
Coyote Rapids Archaeological District Vicinity of 100K
Hanford South Archaeological District Vicinity of Energy Northwest, 300
Area, and North Richland
Wahluke Archaeological District Vicinity of 100D
Site:
Gable Mountain Archaeological Site 600 Area, North of 200 East

DOE identified a National Register-eligible Hanford Site Manhattan Project and Cold War Era
Historic District (Historic District) that servesto organize and delineate the evaluation and mitigation of
Hanford's plutonium production built environment (Table 4.5-2). Standards for evaluating and mitigating
the built environment were established in accordance with National Register criteria, as well as historic
contexts and themes associated with nuclear technology for national defense and non-military purposes,
energy production, and human health and environmental protection. DOE completed a programmatic
agreement that addresses management of the built environment (buildings and structures) constructed
during the Manhattan Project and Cold War periods. The Federal Advisory Council on Historic
Preservation and the Washington State Historic Preservation Officer accepted this programmatic
agreement in 1996 (DOE 1996a).

Establishment of the Historic District resulted in the selection of 190 buildings, structures, and
complexes as contributing properties within the historic district recommended for individual
documentation. Certain property types, such as mobile trailers, modular buildings, storage tanks, towers,
wells, and structures with minimal or no visible surface manifestations, were exempt from the
identification and evaluation requirements.

Approximately 900 buildings and structures were identified as either contributing properties with no
individual documentation requirement (not selected for mitigation) or as non-contributing/exempt
properties; these are listed in the Historic District Treatment Plan (DOE 1998b).

Hanford Site projects that entail transfer or lease of property, disturbing ground, and/or altering or
demolishing existing structures result in cultural resource reviews. These reviews ensure that
archeological sites, traditional cultural places, and buildings and structures listed in or eligible for the
National Register are considered before impacts by proposed projects. (For Manhattan Project/Cold War
era properties refer to Appendix A, Table A.5, Hanford Ste Manhattan Project and Cold War Historic
District Treatment Plan for thelist of buildings/structures eligible for the National Register as
contributing properties within the Historic District and recommended for individual documentation. An
online report is available at http://www.hanford.gov/docs/r|97-56/appa.htmitable a5 (DOE 1998b).)

451 Native American Cultural Landscape

For thousands of years Native American peoples have utilized the lands both within and around the
Hanford Site (Relander 1956, Spier 1936, Walker 1998). When Euro-American explorersarrived in the
early 1800s, peoples presently referred to as the Wanapum were observed inhabiting numerous villages



and fishing camps scattered throughout this segment of the mid-ColumbiaRiver. Neighboring groups
known today as the Y akama, Umatilla, Cayuse, Walla Walla, Palus, Nez Perce, and Middle Columbia
Salish frequented the areato trade, gather resources, and conduct other activities. Many descendants of
these tribes and bands are affiliated with the Wanapum, Confederated Tribes and Bands of the Y akama
Nation, Confederated Tribes of the UmatillaReservation, Nez Perce Tribe of 1daho, or the Confederated
Tribesof the Colville Reservation, and they retain traditional, cultural, and religious tiesto Hanford's
places and resources. (Section 6.5 offers further information on the treaties associated with the Hanford
Site). Thisrecord of Native American use and history is reflected in the archaeological sitesand
traditional cultural placesthat arelocated across the Hanford Site.

4511  Archaeological Resources

More than 8000 years of pre-contact human activity in thislargely arid environment of the mid-
Columbia River region have |eft extensivearchaeological depositsalong theriver shores (DOE 2003a,
Greengo 1982, Leonhardy and Rice 1970). Well-watered areas inland from the river also show evidence
of concentrated human activity (Chatters1982, DOE 2003a, Daugherty 1952, Greene 1975, Leonhardy
and Rice 1970, Rice 1980a) and recent research has indicated ephemeral use of arid lowlandsfor hunting
and other resource procurement activities. Throughout most of the region, hydroel ectric development,
agricultural activities, and domestic and industrial construction have destroyed or covered the mgjority of
these deposits. Amateur artifact collectors have had an immeasurableimpact on what remainsat
numeroussites. However, by virtuedf their inclusionin the Hanford Site from which the publicis
restricted, archaeol ogical depositsfound in the Hanford Reach of the ColumbiaRiver and on adjacent
plateaus and mountains have witnessed | ess destruction than many other areas.

Approximately 720 archaeological sites and isolated finds associated with the pre-contact period have
been recorded on the Hanford Site; of these, 80 contain historic componentsas well. Pre-contact period
sites common to the Hanford Site include pit house villages, varioustypes of open campsites, spirit quest
monuments (rock cairns), hunting camps, game drive complexes, and quarries in nearby mountainsand
rocky bluffs (Rice 1968a, b; Rice 1980a); hunting/kill sitesin lowland stabilized dunes; and small
temporary camps near perennial sources of water located away from theriver (Rice 1968b).

A historic context for the pre-contact period of the Hanford Site has been prepared as part of a
Nationa Register Multiple Property Documentation form to assist with the evaluation of the National
Register eligibility of pre-contact archaeological resources. An online report is availableat
http://www.hanford.gov/doe/culres/mpd/sec2.htm#2.0 (DOE 1997c).

451.2 Traditiona Cultural Places

In 1990, the National Park Serviceformalized the concept of traditional cultural property or
traditional cultural place (TCP) as a means to identify and protect cultural landscapes, places, and objects
that have special cultural significanceto Native Americansand other ethnic groups (Parker and King
1990). A TCPéeligiblefor the National Register isassociated with **cultural practicesor beliefs of aliving
community that are rooted in that community's history, and are important in maintaining the continuing
cultural identity of the community" (Parker and King 1990).

The Hanford Reach and the greater Hanford Site, a geographic center for regional Native American
religious activities, is central to the practice of Indian religion of the region, and many believe the Creator
made thefirst people here (DOI 1994). Indian religious leaders such as Smoholla, a prophet of Priest
Rapids who brought the Washani religion to the Wanapum and othersduring the late 19" century, began
their teachingshere. Native plant and animal foods, some of which can befound on the Hanford Site, are



used in the ceremonies performed by tribal members. Prominent landforms such as Rattlesnake
Mountain, Gable Mountain, and Gable Butte, as well as various sites along and including the Columbia
River. remain sacred to them.

Native American traditiona cultural places within the Hanford Site include, but are not limited to, a
wide variety of places and landscapes. archaeological sites, cemeteries, trailsand pathways, campsites
and villages, fisheries, hunting grounds, plant gathering areas, holy lands, landmarks, important placesin
Indian history and culture, places of persistence and resistance, and landscapes of the heart (Bard 1997).
Due to their sacred nature, many traditional cultural places remain unidentified. The DOE and HCRL
continue to consult with Hanford Tribes for input on these important locations, astheir importance is
determined through methods that are mutually agreed upon by DOE and the Native American
community.

A historic context for the Ethnographic/Contact Periods of the Hanford Site has been prepared as part
of a National Register Multiple Property Documentation form to assist with the evaluation of the National
Register eligibility of Native American ethnographic resources. An onlinereport is available at
http:llwww.hanford.nov/doel culresimpdisec3.htm#3.0 (DOE 1997c¢).

452 Early Settlers/Farming L andscape

The Early Settlers/Farming Landscapeis comprised of those areas on the Hanford Site where people,
mainly of European descent, and some of various ethnicity, settled in the Columbia River Plateau prior to
the start of the Manhattan Project in 1943. Non-Native American presence in the mid-Columbia began in
1805 with the arrival of the Lewis and Clark Expedition. It was not until the late 19" and early 20"
centuries, however, that non-Native American peoples began intensive settlement on the Hanford Site. A
record of their activities and use is present in the archaeological sites, traditional cultural places, and
buildings and structures that are located throughout the Hanford Site.

A historic context for the Euro-American resettlement period (pre-Hanford era) has been prepared as
part of a National Register Multiple Property Documentation form to assist with the evaluation of the
National Register eligibility of historic archaeological resources, traditional cultural places, and historic
structures. An online report isavailable at http://www.hanford.gov/doe/culres/mpd/sec4.htm#4.0) (DOE
1997¢).

4521 Archaeological Resources

The first Euro-Americans to pass near the Hanford Site were part of the Lewisand Clark expedition,
which traveled along the Columbiaand Snake rivers during the 1803 to 1806 exploration of the Louisiana
Territory. Thefirst European explorer to cross the Hanford Site was David Thompson, who traveled
along the Columbia River from Canada during his 1811 exploration of the Columbia River. Other
visitors included fur trappers, military units, and miners who traveled through the Hanford Site on their
way to lands up and down the Columbia River and across the Columbia Basin. It was not until the 1860s
that merchants set up stores, afreight depot, and the White Bluffs Ferry on the Hanford Reach. Chinese
miners soon began to work the gravel barsfor gold. Cattle ranches were established in the 1880s, and
farmers soon followed. Agricultural development, irrigation districts, and roads soon dotted the
landscape, particularly in the eastern portion of the central Hanford Site. Several small thriving towns,
including Hanford, White Bluffs, Richland, and Ringold, grew up along the riverbanks in the early 20"
century. The communities accessibility to outside markets expanded with thearrival in 1913 of the
Chicago, Milwaukee, St. Paul and Pacific Railroad branch line (Priest Rapids-Hanford Line) from
Beverly, Washington. Ferries were established at Richland, Hanford, Wahluke, and Richmond. The



towns and nearly al other structures were razed in the years after the U.S. Government acquired the land
for the Hanford Engineer Works in 1943 (DOE 2003a, ERTEC 1981, Rice 1980a).

Approximately 620 historic archaeological sites associated with the Early Settler/Farming Landscape
including an assortment of towns, farmsteads, corralsand dumpsare recorded by the HCRL since 1987.
Approximately 80 of these sites contain pre-contact components as well. Archaeological resourcesfrom
the Early Settlers/Farming period are scattered over the entire Hanford Site and include numerous areas of
gold mining featuresalong the riverbanks of the Columbiaand remainsof homesteads, building
foundations, agricultura equipment and fields, ranches, and irrigation features. Archaeologica properties
from this period include the Hanford Irrigation Ditch; former Hanford Townsite; Wahluke Ferry; White
Bluffs Townsite; Richmond Ferry; Arrowsmith Townsite; White Bluffs Road; and Chicago, Milwaukee,
St. Paul and Pacific Railroad (Priest Rapids-Hanford Line) and associated stops.

4522 Traditional Cultural Places

Traditional cultural places associated with the Early Settlers/Farming Landscapethat are located on
the Hanford Site include structuresand placesthat are important to descendantsof pre-1943 settlersin the
former communities of White Bluffs, Hanford, Allard, Fruitvale, Vernita, and Cold Springs. These
placesare deeply rooted in the memoriesdf loca residentsand include but are not limited to aformer
cemetery, numerousformer home sites and town sites, orchards, fields, former swimming holes, and
places of former community activities, e.g., Hanford Grange Hall, town parks, churches, and schools.
Former residents visit these areas annually with friendsand family.

4523 Buildingsand Structures

Although most of the structureswere destroyed by the U.S. Government to build infrastructurefor the
Hanford Engineer Worksin 1943 (DOE 2003a, ERTEC 1981, Rice 1980a), a small number of buildings
associated with the Early Settlers/Farming L andscaperemain standing today. They includethe Hanford
Irrigation and Power Company's pumping plant at Coyote Rapids, the high school and the electrical
substation at the Hanford Townsite, First Bank of White Bluffs, Bruggemann'sfruit warehouse, and the
blacksmith cabin at the East White Bluffsferry landing. These structures are located near the Columbia
River and in the 600 Areaof the Hanford Site.

453 Manhattan Project and Cold War Cultural Landscape

The Manhattan Project and Cold War eralandscapeis comprised of cultural resourcesassociated with
plutonium production, military operations, research and devel opment, waste management, and
environmental monitoring activitiesthat took place beginning with the establishment of the Hanford Site
(Hanford Engineer Works) in 1943 to theend of the Cold War in 1990.

The Hanford Site built environment is an industrial landscape that consistsaf buildings and structures
constructed during the Manhattan Project and Cold War period. Thisindustria landscape makes up the
Hanford Site Manhattan Project and Cold War Era Historic District. The DOE Richland Operations
Office, the State Historic Preservation Officer, and the Federal Advisory Council on Historic
Preservation, through a programmatic agreement to manage the Manhattan Project and Cold War built
environment, determined that a historic district afforded the best meansto inventory, assess, and mitigate
the most significant buildings and structures constructed during the Manhattan Project and Cold War.
Industrial, scientific, administrative, environmental monitoring, waste management, infrastructure, and
military facilitiesconstructed during the Manhattan Project and Cold War eracan befound in dl of the
Siteareas.



While buildingsand structures representingthis era are located throughout the site, evidence of
resources associated with military operationsis mainly archaeological in nature. Military operationsin
variousformstook place on the Sitefrom World War II to theearly 1960s. Most of the military
operations, however, took place beginning with the establishment of Camp Hanford by the U.S. Army in
1950-51 until itsclosurein 1961. Camp Hanford was a military outpost, with the main cantonment
located in North Richland and forward positions situated throughout the Site consisting of anti-aircraft
artillery sitesand Nike missileinstallations.

Historic contexts were completed for the Manhattan Project and Cold War eras as part of a National
Register Multiple Property Documentation Form prepared for the Hanford Siteto assist with the
evaluation of National Register digibility of buildingsand structuressite wide. An onlinereport is
available at http://www.hanford.gov/doe/culres/mpd/sec4.htm#5.0) (DOE 1997c¢).

Additionally, historical narrativesand individua building documentations have been completed for
the History of the Plutonium Production Facilitiesat the Hanford Ste Historic District, 1943-1990
(DOE/RL 2002) and have been placed on the internet at www.hanford.gov/docs/rl-97-1047/index.htm.
Five hundred twenty-eight Manhattan Project and Cold War erabuildings/structures and complexes have
been determined eligible for the National Register as contributing properties within the Historic District.
Of that number, 190 were recommended for individual documentation. DOE/RL isin the process of
undertaking an assessment of the contents of the contributing buildings and structuresto locate and
identify any Manhattan Project and Cold War era artifactsthat may have interpretive or educational value
for museum exhibit purposes (Appendix A, Table A.5, Hanford Ste Manhattan Project and Cold War
Era Historic Treatment Plan) (DOE 1998b).

45.3.1 Archaeological Resources

Historic archaeological military sites associated with the Manhattan Project and Cold War Landscape
are scattered throughout the Hanford Site's 600 Area. These archaeol ogical resourcesare mainly located
within the former Camp Hanford forward positions, the 16 anti-aircraftartillery sitesthat encircled the
100 and 200 Areas, and the three Nike missileinstallations on Wahluke Slope. (A fourth Nike position,
in relatively intact condition, islocated at the base of Rattlesnake Mountain on ALE.) The Nike position
on ALE has been determined eligiblefor inclusion in the National Register as acontributing property
within the Hanford Site Manhattan Project and Cold War EraHistoric District. Five of the 16 anti-aircraft
artillery sites have also been determined eligible for the National Register.

The anti-aircraft artillery and Nike sites were strategic componentsin Camp Hanford's military
defense of the Site's plutonium production facilitiesduring the 1950s. Potential archeological resources
at these sitesinclude former gun emplacements, launch and radar sites, concrete foundationsand pads,
pathways/sidewalks, associated dumpsites, small armsfiring ranges, and anmunition caches.

The recently recorded Atmospheric Dispersion Test Facility Grid (HT-99-007), located in the 600
Areadf theHanford Sitein the vicinity of the 200 West Area, was used for monitoring airborne waste
dispersions during the operation of the Hanford Project.

45.3.2 Buildingsand Structures

Historic built resources documented from the Manhattan Project and Cold War eras include buildings
and structuresfound in the 100,200, 300, 400, 600, 700, and 1100 Areas. The most important of these
are the plutonium production and test reactors, chemical separation and plutoniumfinishing buildings,
and fuel fabrication/manufacturing facilities. Thefirst reactors, 105-B, 105-D, and 105-F, were
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constructed during the Manhattan Project. Plutoniumfor thefirst atomic explosion and the bomb that
destroyed Nagasaki to end World War II were produced at the Hanford Site. Additional reactorsand
processing facilitieswere constructed after World War II during the Cold War period. All reactor
containment buildings still stand, athough many ancillary structures have been removed, and C, DR, and
F Reactors have been considerably modified.

DOE/RL will consider the retention of Nationa Register-eligible buildings and structuresthat may
qualify for adaptive reuse as interpretive centers, museums, industrial, or manufacturing facilities(DOE
1996a).

454 Site Areas

Archaeological sites, traditional cultura places, buildings, and structuresare found in each of severa
areas on the Hanford Site, including the 100,200,300,400,600, and 700 Areas. Sinceit wasthe
Manhattan Project that established these areas as geographical locationson the Hanford Site, many
cultural resources located within those areas are associated with that landscape. Many of these areas were
developed over thetop of existing cultural resourcesfrom the Native American and Early
Settlers/Farming landscape. Hence, these earlier landscapes have sustained some damage; however,
many resourcesremain intact. A brief synopsisof known resourcesfound in these areasis presented in
the following subsections.

4541 100Areas

Intensivefield surveys were completed in the 100 Areas from 1991 to 1995 (Andrefsky et al. 1996,
Chatterset al. 1992, Wright 1993). Much of the surface area within the 100 Area operable units has been
disturbed by the industrial activitiesthat have taken place during the past 50 years. However, these areas
are till very rich in significant cultural resources.

Each of the three landscapes is represented in the 100 Areas by the presenceof archaeological sites,
traditional cultural properties, and reactor facilities. Most of these resources reflect past use of river
resources such as open camps, fishing sites, farmsteads, pump houses, gold mining pits, and water intake
and outtake structures.

Nine plutonium production reactors and their ancillary and support facilitieswere located in the 100
Areas. The production reactorsfunctioned to irradiate uranium fuel elements, the essential second stepin
the plutonium production process. A complete inventory of 100 Area buildingsand structures was
completed during FY 1995, and a National Register evaluation for each was finalized during 1996. To
date, 146 buildings/structures have been inventoriedin the 100 Areas. Of that number, 55 have been
determined eligiblefor the National Register as contributing propertieswithin the Historic District
recommended for individual documentation (DOE 1998b).

As remediation continuesin the 100 Areas, the potential existsfor unanticipated discoveriesof
archaeological resources. To understand impactsto cultural resources and to reduce the need to perform
extensive reviews on highly disturbed areas, disturbance maps and reports have been completedfor 100-
B/C, 100-DIDR, and 100-F Aress.

100-B/C Area

Archaeological Resour ces. Thereisa high density of archaeological resources associated with the
Native American Cultural Landscapein the 100-BIC Area. Threeare located partialy within the 100-BIC



Area (Rice 1968a, Rice 1980a, b), and 35 have been recorded within the immediate vicinity of the B/C
Area during archaeological surveys completed in 1995.

Historic archaeological resources include the remains of Haven Station, a small stop on the former
Chicago, Milwaukee, St. Paul and Pecific Railroad, located to the west of the reactor compound. One
archaeologica site and the remains of the small community of Haven lie on the opposite bank of the
ColumbiaRiver.

Two archaeological sites located near 100-B/C have been investigated. Test excavations conducted
in 1991 at one hunting site revealed large quantities of deer and mountain sheep bone, and projectile
points dating from 500 to 1500 before present (B.P.). The second archaeologica site is considered to be
eligiblefor listing in the National Register, in part, becauseit may contain new information about the
Frenchman Springs and Cayuse Phases of mid-Columbia prehistory.

Traditional Cultural Places. Many sites related to hunting and religious activities are located at the
west end of Gable Butte, due south of the 100-B/C Areaand prominent in the view shed. These sitesare
part of the proposed Gable Mountain/Gable Butte Cultural District nomination.

Buildingsand Structures. The only structure associated with the Early Settlers/Farming L andscape
isthe Hanford Irrigation and Power Company pumping plant built at Coyote Rapidsin 1908. It islocated
east of the 100-B/C Areaand the 105-B Reactor.

The 105-B Reactor was the world's first full-scale plutonium production reactor and is designated as a
National Historic Mechanical Engineering Landmark. It isalso listed in the National Register, was
recently named as a National Civil Engineering Landmark, and was given the Nuclear Historic Landmark
Award. Historic American Engineering Record (HAER) documentation of B Reactor was completed in
1999 (DOE/RL 2001). A total of 14 buildings and structures within the reactor compound have been
recorded on historic property inventory forms. Of that number, 10 properties have been determined
eligiblefor the National Register as contributing properties within the Historic District recommended for
individual documentation. These include 105-B Reactor, 181-B River Pump house, 104-B-1 Tritium
Vault, 104-B-2 Tritium Laboratory, 105-B-Rod Tip Cave, 116-B Reactor Exhaust Stack, 117-B Exhaust
Air Filter Building, 118-B-1 Solid Waste Burial Trench, and 182-B Reservoir and Pump house (DOE
1998b).

An assessment of the contents of the 105-B Reactor was conducted to locate and identify Manhattan
Project and Cold War era artifactsthat may have interpretive or educational value in potential exhibits.
Thirty-nine industrial artifacts were identified and tagged, located mainly in the fuel basin, exhaust fan
room, and supply room. For thetime being, these artifacts will be retained in place.

100-D/DR Area

Archaeological Resour ces. One hundred and seven known archaeological siteslie within 2 km (1.2
mi) of the 100-DIDR Reactor compound: three on the northern bank and the remainder on the southern
bank of the Columbia River. The Wahluke Archaeological District islocated north of the reactor
compound area. Most remaining sites represent early Euro-American settlement activities. The former
community of Wahluke, which was at the landing of aferry of the same name, is situated on the river's
north bank. Remains of historic farmsteads are scattered throughout the nearby area. An unanticipated
discovery was made during 2001 of a significant archaeological site associated with the Native American
Cultural Landscape during monitoring of 100-D environmental restoration activities.
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Traditional Cultural Places. Twenty-seven siteslocated south of the reactor compound may be
eligiblefor the Nationa Register because of their association with atraditional cultural property.

Buildingsand Structures. All the buildingsand structures in the 100-DIDR Area were built during
the Manhattan Project and Cold War eras. Twenty buildingd structures have been inventoried, including
the 105-D and 105-DR Reactor buildings. Both reactors were determined eligiblefor the National
Register as contributing propertieswithin the Historic District, but were not recommended for individual
documentation. An assessment of the contents of 105-D and 105-DR was conducted to locate and
identify Manhattan Project and Cold War era artifactsthat may have interpretiveor educational valuein
potential exhibits. Twenty-four industrial artifactswere identified and tagged in 105-D, including control
panels, areactor curtain, lunch tables, benches, tools, and signs. Ten industrial artifactswereidentified
and tagged on 105-DR, including a radiological worker procedures poster, an instrument ladder, three
meta signs, alead sampling chamber "*pig," a control panel, vintage ceiling lights, and graphite blocks.
The 1851189-D buildingsand adjoiningfacilities, al part of the 190-D complex, have been determined
eligiblefor the Nationa Register and were documented to HAER standards (DOE 1998b). However, the
190-D Complex has been demolished.

100-F Area

Archaeological Resources. The 100-F Areais situated on a segment of the Columbia River that
containsmany cultural sites associated with the Native American cultural landscape. Accordingto
Relander (1956), a nearly continuousstring of camps and villagesof the Wanapum extended from the
Hanford Townsite upstream to the White Bluffs Townsite. Eighty-one archaeol ogical sites have been
recorded near the 100-F Area. Sitesof particular importance include a site recently determined eligibleto
the National Register, acemetery, a second National Register site, and a Site that appearsto contain
artifact depositsdating to at least 6000 years ago.

The principal site associated with the Early Settlers/Farming L andscapenear 100-F isthe White
Bluffs Townsite and ferry landing. Thislocation was the upriver terminus of shipping during the mid-19"
century. It wasat this point that suppliesfor trappers, traders, and miners were off-loaded, and
commoditiesfrom the interior were transferred from pack trainsand wagonsto riverboats. Thefirst store
and ferry of the mid-Columbiaregion were located at the ferry landing (ERTEC 1981). A log cabin,
thought to have been a blacksmith shop built in the late 19" century, still standsthere. Test excavations
conducted at the cabin by the University of Idaho revealed historic and pre-contact cultural materials.
The structure has been recorded accordingto standards of the Historic American Buildings Survey
(HABS) (Rice 1976). A forma Determination of National Register igibility for the East White Bluffs
cabin was recently completed by DOE/RL and USFWS and submitted to the State Historic Preservation
Officer (SHPO) for concurrence. While the two agencies are exploring optionsfor restoration of the
structure, stabilization of the structure was carried out by the USFWS during 2001. The only remaining
structure associated with the White Bluffs Townsite (near the railroad) isthe First Bank of White Bluffs.

Traditional Cultural Places. Cemeteriesassociated with the Native American Landscapeare known
to bein the vicinity of the 100-F Area.

Buildingsand Structures. Three Manhattan Project/Cold War era buildingsl structureshave been
inventoried in this area, including the 105-F Reactor building. An assessment of the contentsof 105-F
was conducted to identify any artifactsthat may have valueas potential museum exhibits. Eleven
industria artifacts were identified and tagged, including afuel scale, elevator control panel, two shop
signs, four safety signs, a hardhat, graphite blocks, and vintage ceiling lights.



100-H Area

Archaeological Resources. Asof 2003, there have been 40 archaeological sites recorded within 2
km (1.2 mi) of the 100-H Area. Included in this group are two historic Wanapum cemeteries, six camps
(one with an associated cemetery), and three house pit villages. The largest village contains
approximately 100 house pits and numerous storage caches. It appearsto have been occupied from 2500
years B.P. to historic times (Rice 1968a). The cemeteries, camps, and villages are included in the Locke
Island Archaeological District.

Archaeological sitesassociated with the Early Settlers/Farming Landscape in 100-H include several
20™ century farmsteads and numerous household dumps. None of these sites has yet been evaluated for
eligibility to the National Register. Remains of military encampments associated with the Manhattan
Project and Cold War Landscape are a so located near the 100-H Area.

Traditional Cultural Places. As noted above, Wanapum cemeteries are known to be in the vicinity
of the 100-H Area.

Buildingsand Structures. Four Cold War erabuildings/structures were inventoried in the 100-H
Area. Of that number, only the 105-H Reactor was determined eligible for the National Register asa
contributing property within the Historic District. The reactor, however, was not recommended for
individual documentation (DOE 1998b). An assessment of the contents of 105-H was conducted to locate
and identify Cold War era artifacts that may have interpretive or educational valuein potentia exhibits.
No items were tagged.

100-K Area

Archaeological Resources. An archaeological survey of the 100-K Areain 1991 revealed five
previously unrecorded archaeological sites. Archaeological surveys conducted during 1995 of areas not
surveyed in 1991 resulted in documentation of 31 additional pre-contact and historic sites. Two of these
sites are believed to date to the Cascade Phase (9000 to 4000 B.P.). Two Nationa Register Districts are
located near the 100-K Area: the Coyote Rapids Archaeological District and the Ryegrass Archaeological
District. Two individual archaeological sites near the 100-K Area have been determined to beeligible for
listing in the National Register.

The Hanford Irrigation Ditch and the former Chicago, Milwaukee, St. Paul and Pecific Railroad, two
important linear features associated with the Early Settlers/Farming L andscape, are also present in the
100-K Area. Remnants of the Allard community at Coyote Rapids and a number of historic farmstead
sites are located west of the K Reactor compound.

Traditional Cultural Places. Particular events took place at this locale during the mid-19" century
that are of great significance to Native American people of theinterior Northwest (Relander 1956).
Specifically, the Washani religion (also known as Seven Drums or Dreamer religion) wasfirst practiced
here, eventually spreading to many neighboring tribes. A group of pit houses with an associated long
house and sweat |odge have been identified that may have been the site of the Wanapum religious leader
Smohalla's first Washat dance. Coyote Rapids, which isashort distance upstream, was called Moon, or
Water Swirl Place, and is recognized as atraditional cultura place because of its association with
Wanapum history and traditiona cultural beliefs.

Buildingsand Structures. Thirty-eight buildings and structures have been inventoried in the 100-K

Reactor Area, including the 105-KE and KW Reactor buildings. Of that number, 13 have been
determined eligible for the National Register as contributing properties within the Historic District
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recommended for individual documentation. These include the 105-KW Reactor, 190-KW Main Pump
house, 107-KW Retention Basin, 183-KW Filter Plant, and | 81-KW River Pump house (DOE 1998b).

An assessment of the contentsof 105-KE and KW was conducted to identify any artifactsthat may
have educational or interpretivevalue as potential museum exhibits. Fourteen industrial artifacts were
identified and tagged in 105-KE Reactor, including tools, signage, radiation monitoring equipment, and
furniture. Seven artifacts wereidentified and tagged from 105-KW Reactor, including furniture, a
measurement scale, tools, and afloodlight. An assessment of the 109-KW Pump house was a so
conducted, and two artifacts were tagged: a phone booth with phone set and a wooden safety bulletin
board.

100-N Area

Archaeological Resour ces. Thirty-onearchaeologica sitesassociated with the Native American
Cultural Landscape have been recorded within 2 km (1.2 mi) of the 100-N Areaperimeter. Four of these
stesareeither listed, or considered eligiblefor listing, in the National Register. Three sites (two house
pit villagesand one cemetery) comprise the Ryegrass Archaeological District. Site45BN179, once
considered for a National Register nomination as the Hanford Generating Plant Site, has been found to be
part of 45BN 149, which isalready listed in the National Register. Extant knowledge about the
archaeology of the 100-N Areais based largely on reconnaissance-level archaeologica surveys conducted
during the late 1960s to late 1970s (Rice 1968b, see also Rice 1980a, b), which do not purport to produce
completeinventoriesof the areas covered.

The most common evidence of activitiesassociated with the Early Settlers/Farming L andscape found
near the 100-N Areaconsistsof the archaeological remainsof farmhousesand agricultural fields. The
historic Hanford Ditch is adjacent to and south of the 100-N compound.

Traditional Cultural Places. Three areas near the 100-N Areaare known to have been of
importanceto the Wanapum. Cataclysmic flooding at the end of the Pleistocene formed the knobs and
kettlesarea, known as Mooli Mooli, which means Little Stacked Hills. Gable Mountain (called Nookshai
or Otter) and Gable Butte, which lie to the south of the river, are sacred mountains where youths would
go on overnight vigils seeking guardian spirits (Relander 1956). Sitesdf religiousimportancemay also
exist near the 100-N compound.

Buildingsand Structures. The 100-N Reactor, completed in 1963, wasthelast of the plutonium
production, graphite-moderated reactors. Thedesign of N Reactor differed from the previous eight
reactorsin several ways to afford greater safety and to enable co-generation of electricity. Sixty-six Cold
War erabuildings and structures have been inventoried in the 100-N Area. Thirty 100-N Area
buildings/structures have been determined eligible for the National Register as contributing properties
within the Historic District recommended for individual documentation (DOE 1998b). Theseincludethe
105-N Reactor, 109-N Heat Exchanger Building, 181-N River Water Pump house, 183-N Water Filter
Plant, 184-N Plant Service Powerhouse, 185-N Export Powerhouse, and the 1112-N Guard Station (DOE
1997d).

An assessment of the contents of 185-N was conducted to locate and identify Cold War eraartifacts
that may have interpretiveor educationa vauein potentia exhibits. Six artifactswereidentified and
tagged, including control room panels, phone booths, ahear-here”" phone, metal cart, and a safety sign.



4542 200Areas

Much of the 200 Areas have been disturbed by Hanford operations. The HCRL conducted a
comprehensive archaeological resources survey for the fenced portions of the 200 Areasin 1987 and 1988
(Chatters and Cadoret 1990). The resultsindicate that evidence of cultural resources associated with the
Native American Cultural Landscape and the Early Settlers/Farming Landscape is minimal.

Archaeological Resour ces. The most significant archaeological resource located in the 200 Areasiis
an extensive linear feature known as the White Bluffs Road, a portion of which passes diagonally
southwest to northeast through the 200 West Area. Thisroad, in itsentirety, was determined eligible for
listing in the National Register. Segments of the White Bluffs Road that are located in the 200 West Area
have been determined to be non-contributing elements. Such non-contributing segments of the White
Bluffs Road are those that do not add to the historic significance of the road, but retain evidence of its
contiguous bearing. Originally used as a Native American trail, it played arolein Euro-American
immigration, development, agriculture, and Hanford Site operations. The 2000 White Bluffs Road survey
recorded an additional 54 historic isolated finds and 2 pre-contact isolated finds, as well as six can dump
features.

Traditional Cultural Places. Many sites related to hunting and religious activities are located on
Gable Butte and Gable Mountain north of the 200 West and East Areas. These sites are part of the
proposed Gable Mountain/Gable Butte Cultural District nomination.

Buildingsand Structures. The 200 Areas contain many significant buildings and structures
associated with the Manhattan Project and Cold War Landscape. They were formerly used aschemical
separations (processing) plantsand ancillary and support facilities. The plantsfunctioned to dissolve the
irradiated fuel elements to separate out the plutonium, the essential third step in plutonium production.
Historic property inventory forms have been completed for 72 buildings/structures in the 200 Areas. Of
that number, 58 have been determined eligible for the National Register as contributing properties within
the Historic District recommended for individual documentation. These include the 202-A Purex Plant,
212-N Lag Storage Facility, 221-T Plant, 222-S Redox Plant, 225-B Encapsulation Building, 231-Z
Plutonium Metallurgical Laboratory, 234-52 Plutonium Finishing Plant, 236-Z Plutonium Reclamation
Facility, 242-Z Water Treatment Facility, 282-E Pump house and Reservoir Building, 283-E Water
Filtration Plant, and the 284-W Powerhouse and Steam Plant. The 232-2 Waste Incinerator Facility and
the 233-S Plutonium Concentration Building, individually determined eligible for the National Register,
and the 221-T Plant have been documented to HAER standards (DOE 1998b).

An assessment of the contents of ninefacilitiesin the Plutonium Finishing Plant (PFP) complex was
conducted during 1998 and 2002 in response to the production of the Interpretive and Curation Plan for
the Deactivation and Decommissioning of Historic Buildings at the Plutonium Finishing Plant Complex.
These buildings and structures included the 234-52 Plutonium Finishing Plant, 291-Z Exhaust Stack, 232-
Z Waste Recovery Facility, 236-2 Plutonium Reclamation Facility, 2704-2 Safeguards and Security
Building, the 2736-2, ZA and ZB Plutonium Storage Facilities, and 2736-ZC Cargo Restraint Transport
Facility. Because of security/radiological exposure concerns and/or inaccessibility, a number of identified
artifacts were not tagged. These included plutonium storage vaultsand adry air glove box. In 234-52,
the entire Remote Mechanical C line (glove boxes) and control room, and the Remote Mechanical A line
(glove boxes) and control room were identified and tagged. Ten additional Cold War era artifacts were
identified and tagged as aresult of a walkthrough of the Analytical Laboratoriesin 234-5Z. The
assessment of the 2704-2 Building resulted in two tagged artifacts: atypology of "cans" poster and
demonstration training cans. A third artifact, the classified documents vault, wasidentified but not

tagged.
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Thirty-two industrial artifactswere identified and tagged in chemical separationsbuildings located in
200 East and West. The following buildings were inspected for artifactsduring the walkthroughs: 202-
A, 202-S, 221-T, 221-U, 224-U, 224-B, and 271-U. Typesof artifactsselected included el ectrical
equipment, control panels, tools, vintage lights, health and safety items, signage, and communications
equipment.

4543 300Area

Much of the 300 Area has been highly disturbed by industria activitiesassociated with the Manhattan
Project and Cold War Cultural Landscape. Prior to the Manhattan Project in 1943, the 300 Areawas used
by Native Americansas acamp location and by Early Settlers who developed a farming community
known as Fruitvale. Due to its proximity to the Columbia River, many archaeologica resources
associated with both these landscapesare located aong theriver shore outside of the 300 Areafence.
Subsurface archaeol ogical depositsare likely to be located underneath existing 300 Areafacilitiesin
pockets of undisturbed ground. Disturbance maps and reports have been prepared for the 300 Area.

Ar chaeological Resour ces. Five recorded archaeologica sites, including campsites, house pits, and
a historic trash scatter, are located at least partially within the 300 Area. Many more may be located in
subsurfacedeposits. Twenty-seven archaeological sitesand 13 isolated artifactshave been recorded
within 2 km (1.2 mi) of the 300 Areafence. One archaeological site has been tested and is recognized as
eligiblefor listingin the National Register. Severa archaeological sitesin thisarea arein the Hanford
South Archaeological District, which islisted in the Washington Heritage Register. Other areas near the
300 Area have been found to be of great importanceto the Native Americans and are fenced.
Archaeological sites associated with the Early Settlersare comprised mainly of debris scattersand
roadbeds associated with farmsteads.

Traditional Cultural Places. Onedocumented locality with great importance to the historic
Wanapumiis located near the 300 Area.

Buildingsand Structures. The 300 Area, thelocation of the uranium fuel fabrication plantsthat
manufactured fuel rodsto beirradiated in the Hanford Site reactors, provided thefirst essential step in the
plutonium production process. The 300 Area was also the location of most of the research and
development laboratories. One hundred fifty-ninebuildings/structures in the 300 Area have been
documented on historic property inventory forms. Of that number, 47 buildings/structures have been
determined eligiblefor the National Register as contributing propertieswithin the Historic District
recommended for individual documentation. Thistota includesthe 305 Test Pile, 313 Fuels Fabrication
Facility, 314 Metal Press/Extrusion Building, 318 High TemperatureL attice Test Reactor, 321 Separation
Building, 325 Radiochemistry Laboratory, 333 Fuel Cladding Facility, 3706 Radiochemistry Laboratory,
and the 3760 (former) Hanford Technical Library (DOE 1998b).

Assessmentsof the contentsof former fuel manufacturing and reactor operationsfacilitiesin the 300
Area have been conducted including the 303-A Magazine Product Storage Building, 305 Test Pile, 305-B
Engineers Development Lab Annex, 306-W Materials Devel opment Laboratory, 306-E Fabrication Test
Lab, 308 Plutonium Fabrication Pilot Plant, 309 Plutonium Recycle Test Reactor, 313 Fuels Fabrication
Facility/Metal Fabrication Building, 314 Press Building, and the 333 Fuel Cladding Facility. The 27
Manhattan Project/Cold War eraartifacts that were identified and tagged are mainly industrial in nature
associated with the fuel manufacturing processesand reactor operations. A second walkthrough of
Building 333 resulted in an additional 12 artifacts being identified including a selection of safety
signs/posters, a control panel, a safety shower, protective worker clothes, and a sample uraniumfuel
element.



Other 300 Area buildings assessed include the 303-K Fresh Metal Storage Building, 304 Uranium
Scrap Concentration Storage Facility, 324 Chemical Engineering Laboratory, 325 Radiochemistry
Laboratory, 327 Post I rradiation Test Laboratory, 329 BiophysicsLaboratory, 334 Chemical Handling
Facility, 334-A Acid Pump house, 3701-D (former) Hanford Patrol Building, 3707-G Change House,
3716 FuelsManufacturing Storage/Automotive Repair Shop, 3727 Classified Storage Facility, 3746
Radiological Physics Building, 3762 Technical Safety Building, the 340 Waste Neutralization Complex,
3745-B Positive lon Accelerator Building, 3708 Radiochemical Lab, 3706 Radiochemistry Lab, 326
Physics Lab, 3707-D Patrol Headquarters, 384 Power House, 328 Engineering Services Building, 3720
Environmental Sciences Laboratory, 3745-A Electron Accelerator Building, 3722 Area Shop, and the
3713 Storeroom. Seventy-seven Manhattan Project/Cold War eraartifacts were identified and tagged in
these buildings.

4544 400 Area

Most of the 400 Area has been so disrupted by construction activities that archaeol ogists surveying
the sitein 1978 wereableto find only 0.12 km? (0.047 mi?) that was undisturbed (Rice et al. 1978). They
found no cultural resourcesin the undisturbed area. No archaeol ogical sites are known to be located
within 2km (1.2 mi) of the400 Area

The 400 Areaconsistsof the Fast Flux Test Fecility (FFTF) complex. The 405 Reactor Containment
Building includesa 400-megawatt, sodium-cooled test reactor designed primarily to test fuelsand
materialsfor advanced nuclear power plants. All the buildingsand structuresin the 400 Area were
constructed during the Cold War era. Twenty-one building/structures have been recorded on historic
property inventory forms. Of that number, six have been determined eligiblefor the National Register as
contributing propertieswithin the Historic District recommended for individua documentation. These
include the 4.05 Reactor Containment Building, 436 Training Facility, 4621-W Auxiliary Equipment
Facility, 4703 FFTF Control Building, 4710 Operation Support Building, and the 4790 Patrol
Headquarters(DOE 1998b). In responseto the production of aCuration Plan for the Deactivationand
Decommissioning of Historic Buildingsat the Fast Flux Test Facility, walkthroughswere conducted of
the contributing propertiesrequiring mitigation except for the 4790 patrol headquarters. In addition,
walkthroughswere al so conducted of 16 contributing propertiesat FFTF where no individual
documentation was required. Operations carried out in thesefacilitieswere closely related to the work
conducted in thefive contributing buildingsthat required mitigation. Thirty artifacts were identified and
tagged in 8 of the 21 historic buildings: 405,4703,436,403,4621-W, 4621-E, 4710, and 4701-A. (Two
o theidentified artifactsare located in 4732-C, a non-historic building.) Thetypesof artifactsincluded
industrial equipment and machinery, photographs, publications, control room panels, and models.

An assessment of the contents of Building 427 was a so conducted to locate and identify Cold War
eraartifactsthat may haveinterpretive or educational valuein potential exhibits. Four artifacts were
identified and tagged, including fuel assembly components.

4545 600 Area

The 600 Areaincludesdl of the Hanford Site not occupied by the 100,200, 300, and 400 Aress.
Project-driven surveys have been conducted throughout the area, but much of the 600 Arearemains
unsurveyed. All of the 21 archaeological sites and 13 isolates recorded during 2002 were located in the
600 Areaand are associated with the Native American and Early Settlers/Farming Landscapes. Based on
what is known, the 600 Area containsadiverse wedth of cultural resources associated with al three
cultural landscapes. Representing afull range of human activity acrossthe Hanford Site, the activitiesare
best characterized for the Native American Cultural Landscape by their seasonal gathering of inland



resources (quarry sites, hunting sites, religioususe sites, plant gathering sites) and riverine resources
(fishing sites, open camp sites, root gathering). The Early Settlers/Farming Landscapeis present in the
600 Area, mainly consistingof the archaeological remains of former farmsteads, ranches, and pre-1943
transportation routes. Evidencedf cultural resources associated with the Manhattan Project and Cold War
Era Landscape consistsof anti-aircraftartillery sites, meteorological towers, and present day roads
located in the 600 Area.

Archaeological Resour ces. Numerous National Register Districts associated with the Native
American Landscapeare located within the 600 Areaincluding the Hanford Archaeol ogical Site, Hanford
North Archaeological District, the Paris Archaeologica Site, Rattlesnake Springs Sites, Savage Idand
Archaeological District, Snively Basin Archaeological District, and Wooded 1sland Archaeol ogical
District.

Archaeological properties associated with the Early Settlers/Farming Landscape in the 600 Area
includethe Hanford Townsite; the White Bluffs Townsite and ferry landing; the Chicago, Milwaukee, St.
Paul and Pecific Railroad line and associated whistle stops; and the Hanford Irrigation Ditch. The McGee
Ranch/Cold Creek Valley District has been determined to beeligible for listing in the National Register.

Cold War eraarchaeol ogical resources that are located in the 600 Areaincludefive anti-aircraft
artillery sites associated with Camp Hanford's defenseof the Hanford Site during the 1950s that have
been determined eligiblefor the National Register. The Hanford Atmospheric Dispersion Test Facility
was evaluated and determined to be a contributing property within the Historic District and was
recommended for individual documentation. Mitigation required the completion of an Expanded Historic
Property Inventory Form for the Test Facility. Numerous artifacts wereidentified as having interpretive
or educational value in potential exhibits. A selected representative number of artifacts were removed
and curated into the Hanford Collection.

Traditional Cultural Places. Areasd traditional cultural importanceinclude Rattlesnake Mountain
and foothills, the ColumbiaRiver, and Gable Mountain and Butte. In 2001 and 2002, additional resources
related to religiousand hunting activitieswere added to the Gable Mountain Cultural District. Cemeteries
associated with the Native American Cultura Landscape are also dispersed throughout the 600 Area.

Buildingsand Structures. Thereare severd structuresassociated with the Early Settlers/Farming
Landscapethat are located in the 600 Area. The Bruggemann Agricultural Complex, located
approximately 3 mi (1.6 km) east of 100-B/C, has been determined eligiblefor listingin the National
Register. During 2002, the Hanford Electrical Substation-Switching Station, the Hanford Townsite High
School, the Coyote Rapids Hydroel ectric Pumping Plant, and the First Bank of White Bluffshave also
been determined eligiblefor listing in the National Register.

Fifteen Cold War erabuildings/structures, including the former underground missile storage facility,
have been inventoried at the former 6652 Nike launch and control center in the Fitzner Eberhardt ALE
Reserve. The 622 Meteorological Complex, located near 200 West, includes seven inventoried
properties. Both complexes have been determined eligiblefor the National Register as contributing
propertieswithin the Historic District recommended for mitigation. An assessment of the contentsof
622-F and the 6652 Nike site were conducted. No artifactsdf interpretive or educational value were
identified.

Five other 600 Area properties, the 604 Y akima Patrol Checking Station, 604-A Sentry House, 607
Batch Plant, 618-10 Solid Waste Burid Trench, and Hanford Site Railroad System have been determined
eligiblefor the Nationa Register as contributing propertieswithin the Historic District recommended for
individual documentation. Twenty-fiverailcarslocated at the 212-N rail spur were designated Register-



eligible as contributing features of the Hanford Site Railroad and recommended for mitigation.
Documentation/mitigation of the 25 railcars was completed as an addendum to the Expanded Historic
Property Inventory Form of the Hanford Site Railroad System. Due to their high contamination levels,
most of the railcars have been shipped offsite for disposition.

The former Central Shops complex located in the 600 Area north of the 200 Areas was determined to
beineligible for the National Register (DOE 1997¢).

Buildings 623 (Gable Mountain Relay Station) and 213 (Magazine/Waste Storage Vault) were
originally designated as contributing properties within the Historic District with no individual
documentation required. They were reevaluated and designated as contributing properties recommended
for individual documentation.

4546 700 Area

The 700 Area was the location of the administrative functions of the early Hanford Site period. Most
of the 700 Area has been highly disturbed by industrial activities. Of the seven Manhattan Project and
Cold War erabuildings/structures identified in this area, the 703 Administrative Building, 712
Records/Printing/Mail Office Facility, and the 748 Radiosurgery/Emergency Decontamination Facility
have been determined eligiblefor listing in the National Register as contributing properties within the
Historic District and recommended for individual documentation (DOE 1998b).

4.6 Socioeconomics
R. A. Fowler and M.J. Scott

Activity on the Hanford Site plays adominant role in the socioeconomics of the Tri-Cities and other
parts of Benton and Franklin counties. The agricultural community also has a significant effect on the
local economy. Any major changes in Hanford activity would potentialy affect the Tri-Cities and other
areas of Benton and Franklin counties. Unless otherwise specifically cited, datain this section are
collected from interviews with the referenced organization.

4.6.1 Local Economy

Three major sectors have been the principal driving forces of the economy in the Tri-Cities since the
early 1970s. 1) DOE and its contractors operating the Hanford Site; 2) Energy Northwest (formerly the
Washington Public Power Supply System) in its construction and operation of nuclear power plants; and
3) the agricultural community, including a substantial food-processing component. With the exception of
aminor amount of agricultural commodities sold to local-area consumers, the goods and services
produced by these sectors are exported outside the Tri-Cities. In addition to the direct employment and
payrolls, these major sectors also support a sizable number of jobs in thelocal economy through their
procurement of equipment, supplies, and business services.

In addition to these three major employment sectors, three other components can be readily identified
as contributorsto the economic base of the Tri-Cities. Thefirst of these, loosely termed ** other major
employers,” includes the five major non-Hanford employers in the region. The second component is
tourism. The Tri-Cities area has increased its convention business substantially in recent years as well as
recreational travel. Thefinal component in the economic base relates to the local purchasing power
generated not from current employees, but from retired former employees. Government transfer
payments, specifically retirement and disability insurance benefit payments, constitute a significant
proportion of total spendable income in the local economy.



46.1.1 DOE Contractors(Hanford)

The Hanford Site is the largest single source of employment in the Tri-Cities. Duringfiscal year (FY)
2002, an averageof 10,892 employeeswere employed by DOE Office of River Protection (ORP) and its
prime contractor CH2M Hill Hanford Group, Inc.; DOE-Richland Operations Office (RL) and its prime
contractor Fluor Hanford, Inc.; Battelle Memoria | nstitute; Bechtel Hanford, Inc.; and the Hanford
Environmental Health Foundation. Fisca year 2002 year-end employment at Hanford was 10,938, up
from 10,670in FY 2001. In addition to these totals, Bechtel National, Inc. (BNI) and its prime
subcontractor Washington Group International employed 3013 at theend of FY 2002, up from 1350 at the
end of FY 2001. In December 2000, ORP awarded a contract to BNI to design, build and start up waste
treatment facilitiesfor the glassificationof liquid radioactive waste. According to the Washington State
Labor Market and Economic Analysis(LMEA) establishment the annual average number of employeesat
Hanford is down considerably from a peak of 19,200in FY 1994, but still represents 15% of the 94,000
total jobsin the economy (LMEA 2002a).

Based on employee residencerecords as of April 2003, 90% of the direct employeesof Hanford live
in Benton and Franklin counties. Approximately 74% of Hanford employeesresidein Richland, Pasco,
or Kennewick. Morethan 37% are Richland residents, 10% are Pasco residents, and 27% livein
Kennewick. Residentsadf other areasof Benton and Franklin counties, including West Richland, Benton
City, and Prosser, account for about 17% of total Hanford Site employment.

4.6.1.2 Energy Northwest

Although activity related to commercia nuclear power plant construction ceased with the completion
of the WNP-2 reactor in 1983 (now named ColumbiaGenerating Station), Energy Northwest continuesto
be a major employer in the Tri-Cities area. Headquarterspersonnel based in Richland overseethe
operation of the ColumbiaGenerating Station and perform a variety of functions related to the Hanford
Generating Project. Decommissioning of mothballed nuclear power plants (WNP-1 and WNP-3), which
were never completed, began in 1995. In FY 1999, Energy Northwest employed approximately 29 people
a thetwo plants. As part of an effort to reduce electricity production costs, Energy Northwest
headquartersdecreased the size of its workforcefrom over 1900in 1994 to 1016 at theend of 1999. As
of April 2003, employment was 1266 personnel.

46.13 Agriculture

During 2001, agricultura production and servicesin the bi-county area generated about 10,317 wage
and salary jobs, or about 12% of the area's total employment, as represented by the employeescovered by
unemployment insurance (LMEA 2002b). Seasonal farm workersare not included in that total but are
estimated by the U.S. Department of Labor (DOL) for the agricultural areasin the state of Washington.

In 2002, there was an average of 4721 seasona farm workers per month in Benton, Franklin, and Walla
Walla counties, ranging from 1112 workers during the winter pruning season to 9669 workersat the peak
of harvest. An estimated averageof 3924 seasona workerswere classified aslocal (ranging from 1103 to
8340); an average of 88 were classifiedasintrastate (rangingfrom O to 330), and an average of 710 were
classified as interstate (rangingfrom 0 to 2063). The weighted seasonal wagefor 2002 ranged from
$6.92/hr to $7.96/hr, with an average wage of $7.16/hr (DOL 2002).

According to the U.S. Department of Commerce's Regional Economic Information System (REIS),
2581 people were classified as farm proprietors in Benton and Franklin countiesduring 2001. Tota farm
proprietors income, accordingto this same source, was estimated to be $4.3 million (DOC 2002).



The area's farms and ranches generate a sizable number of jobs in supporting activities, such as
agricultural services (e.g., application of pesticides and fertilizers and irrigation system development) and
wholesale trade (e.g., farm supply and equipment sales, and fruit packing). Although formally classified
as a manufacturing activity, food processing is a natural extension of the farm sector. More than 20 food
processors in Benton and Franklin counties produce such items as potato products, canned fruits and
vegetables, wine, and animal feed.

46.14 Other Mgor Employers

During 2001, thefive largest non-Hanford and non-government employers employed approximately
5035 people in Benton and Franklin counties. These companies include 1) Lamb Weston, which
employed 1800; 2) lowa Beef Processing Inc., which employed 1450; 3) Framatome ANP, Richland Inc.
(formerly Siemens Power Corporation), which employed 750; 4) Boise Cascade Corporation Paper and
Corrugated Container Divisions, which employed 685, and 5) Burlington Northern and Santa Fe Railway,
which employed 350. Both Boise Cascade and |owa Beef are located in western Walla Walla County, but
most of their workforce resides in Benton and Franklin counties. Four of the largest agriculture growers
and processors in the area: Broetje Orchards, J.R. Simplot Company, Twin City Foods, Inc., and
AgriNorthwest, employed approximately 2000 people during 2001; however, alarge portion of the
workers were seasonal (TRIDEC 2002).

Other area employers include the school districts of Richland, Kennewick, and Pasco, which
employed a total of 3981 during 2001; the three major health care facilities: Kadlec Medical Center,
Kennewick General Hospital, and L ourdes Health Network, which employed atotal of 1931; and Benton
and Franklin county offices and Richland, Kennewick and Pasco city offices, which employed 1762.

46.15 Tourism

A significant rise in the number of visitors to the Tri-Cities over the last several years has resulted in
tourism playing an increasing rolein helping to diversify and stabilize the areaeconomy. The Tri-Cities
Visitorsand Convention Bureau reported that 112,810 people attended conventions and sporting events,
spending an estimated $37.3 million in the mid-Columbia during 2002, up from 97,770 and $32.3 million
during 2001. The number of people attending convention and group events has more than doubled since
1995 and more than tripled since 1991.

The importance of tourismis evidenced by the amount of money spent on local goods and services.
Overall tourism expenditures in the Tri-Cities were roughly $238 million during 2001, up from $220
million in 2000. Travel-generated employment in Benton and Franklin counties was about 4250 with an
estimated $60.6 million in payroll, up from an estimated 4120 employed and a$56.4 million payroll
during 2000. In addition, tourism generated $3.8 million in local taxes and $16.4 million in state taxes
during 2001 (OTED 2002).

46.16 Réeiress

Although Benton and Franklin counties have a relatively young population (approximately 53%
under the age of 35), 19,523 people over the age of 65 resided in Benton and Franklin counties during
2002. Washington State Office of Financial Management (OFM) reports the portion of the total
population 65 yearsand older in Benton and Franklin counties accounts for 10% of the total population,
which is below the 11.2% for the state of Washington (OFM 2003). This segment of the population
supports the local economy through income received from government transfer payments and pensions,
private pension benefits, and prior individual savings.
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Although information on private pensionsand savingsis not available, data are availableregarding
the magnitude of government transfer payments. The U.S. Department of Commerce's Regional
Economic Information System (REIS) has estimated transfer paymentsby various programs at the county
level. A summary of estimated major government transfer payments received by the residentsof Benton
and Franklin countiesduring 2001 is shown in Table4.6-1. Over 40% of the paymentsarefor retirement
and disability insurance benefit payments, which provides over $300 million of spendableincometo the
local economy.

Table4.6-1. Federa Government Transfer Paymentsin Benton County and Franklin County,
Washington, 2001 (millions of dollars) ®

Benton Franklin

Government Paymentsto I ndividuals County County Total

Retirement & disability insurance payments 2395 61.0 300.5
Medical payments 204.1 111.9 316.0
Income maintenance benefit payments 423 224 64.7
Unemployment insurance benefit payments 320 14.6 46.6
Veterans benefit payments 109 27 13.6
Federal education & training assi stance payments 19 27 4.6
Other paymentsto individuals 0.8 0.2 1.0
Total 531.5 2155 747.0
(& DOC 2002.

46.2 Employmentand Income

Nonagricultural employment in the Tri-Cities grew steadily from 1988 to 1994. Thetotal annual
average employment fell in 1995 and 1996, but has grown every year since. During 2002, nonagricultural
employment rose nearly 5%. Table4.6-2 providesa breakdown of nonagricultural wage and salary
workers employed in Benton and Franklin counties during 2001 and 2002. There was an average of
81,600 non-agricultural jobs in the Tri-Citiesin 2002, up approximately 3600 from 2001. The bulk of the
gainswerein the servicessector, which includesengineering and research services. Jobsthat were added
by Bechtel Nationa for work on the vitrification project are reflected in these totals. The services,
finance, insurance, rea estate, construction, natural resources and mining, and government sectors added
atota of 4700 jobs, while the manufacturing, trade, transportation and utilities, and information sectors
lost atota of 1000 jobs (LMEA 2002c).

Three measures of areaincome are presented in this section: total personal income, per capitaincome,
and median household income. Tota persona income comprisesall formsof income received by the
populace, including wages, dividends, and other revenues. Per capitaincomeisequivalentto tota
persona income divided by the number of peopleresiding in the area. Median household incomeisthe
point at which half of the households have incomesgreater than the median and haf have less.



Table4.6-2. Nonagricultural Wage and Salary Workersin Benton County and Franklin County,
Washington, 2001 and 2002 ©

Industry 2001 Annual 2002 Annual Change

Average Average 2001-2002 (%)
(Revised) (Preliminary)

Manufacturing 6,000 5,700 -5.0

Construction, Nat. Resources & 4,700 4,900 4.3

Mining

Trade, Transportation and 13,800 13,600 -14

Utilities

Information 1,500 1,000 -33.3

Finance, Insurance, and Real 2,700 2,900 7.4

Estate

Services 34,700 38,500 11.0

Government 14,600 15,100 34

Total Nonagricultural Wage 78,000 81,600 4.6

and Salary Workers

(8) Source: Washington State Employment Security Department (LMEA 2002c).

During 2001, the total personal income for Benton County was $4.0 billion and Franklin County was
$963 million, compared to the State of Washington's total of $191.6 billion. Per capitaincome during
2001 was $27,454 for Benton County, $18,956 for Franklin County, and $31,976 for Washington State
(DOC 2002). The preliminary estimate of median household income in 2001 for Benton County is
$48,893; Franklin County is estimated at $40,976, and for Washington is estimated at $48,835 (OFM
2002a).

4.6.3 Demography

An estimated total of 147,600 people lived in Benton County and 51,300 lived in Franklin County
during 2002, for atotal of 198,900, which is up almost 4%from 2000 (OFM 2002b). According to the
2000 Census, population totalsfor Benton and Franklin counties were 142,475 and 49,347, respectively
(Census2001a). Both Benton and Franklin countiesgrew at afaster pace than Washington as awholein
the 1990s. The population of Benton County grew 26.6%, up from 112,560in 1990. The population of
Franklin County grew 31.7%, up from 37,473 in 1990 (Census2001a).

Thedistribution of the Tri-Cities population by city isasfollows: Richland 40,150; Pasco 34,630; and
Kennewick 56,280. The combined populationsof Benton City, Prosser, and West Richland totaled
16,560 during 2001. The unincorporated population of Benton County was 34,610. In Franklin County,
incorporated areas other than Pasco had atotal population of 3755. The unincorporated population of
Franklin County was 12,915 (OFM 2002b).

The 2000 population figures by race and Hispanic origin indicatethat in Benton and Franklin
counties, Asiansrepresent alower proportion, and individualsof Hispanic origin represent a higher
proportion of the population than in the state of Washington as a whole. Benton and Franklin counties
exhibit distributionsas indicated by the datain Table 4.6-3.



During 2002, Benton and Franklin counties accounted for 3.3% of Washington's population. The
population demographicsof Benton and Franklin counties are quite similar to those found within
Washington. In general, the population of Benton and Franklin countiesis somewhat younger than that
of Washington. The 0- to 14-year old age group accountsfor 25.4% of the total bi-county population as
compared to 20.9% for Washington. The population in Benton and Franklin counties under the age of 35
is53.3%, compared to 48.9% for Washington State. During 2002, the 65-year old and ol der age group
constituted 10% of the populationof Benton and Franklin countiescompared to 11.2% for Washington
(OFM 2003).

Table4.6-3 represents popul ation estimates and percentagesby race and Hispanic origin for Benton,
Franklin, Grant, Adams, and Yakima counties, and the 80-km (50-mi) radius of the Hanford Site.

464 Environmental Justice

Executive Order 12898, " Federal Actionsto Address Environmental Justicein Minority Populations
and Low-income Populations,” (59 FR 7629), directs federal agenciesin the Executive Branch to consider
environmental justice so that their programs will not have ** disproportionately high and adverse human
health or environmental effects” on minority and low-incomepopulations. Executive Order 12898 further
directsfederal agenciesto consider effectsto " popul ationswith differential patternsof subsistence
consumptionof fish and wildlife."" The Executive Branch agenciesalso were directed to develop plans
for carrying out the order. The Council on Environmental Quality (CEQ) later provided additional
guidancefor integrating environmental justice (EJ) into the National Environmental Policy Act processin
a December 1997 document, Environmental Justice Guidance under the National Environmental Policy
Act (CEQ 1997).

Minority populationsare defined as al nonwhiteindividuals, plusal white individualsof Hispanic
origin, as reported in the 2000 Census (Census2001b). Low-income persons are defined as living.in
householdsthat report an annual income less than the United States official poverty level, as reported by
the Census Bureau. The poverty level varies by size and relationshipof the membersof the household.
The year 2000 poverty level was$17,761 for afamily of four (Census2000, 2001a). Nationally,in 1999,
29.9% of dl personswere minorities, and 11.8% of all personslived in householdsthat had incomesless
than the poverty level (which was $17,029 for afamily of four in that year) (Census2000, 2001a). The
2000 Census reportsthat 10.6% of Washington's population lived in poverty in 1999, while 10.3% of
Benton County personsand 19.2% of Franklin County persons were below the poverty level (Census
2003a).

Based on the 2000 census (Census 2001b,¢), the 80-km (50-mi) radiusarea surrounding the Hanford
Site had atotal population of 482,300 and a minority population of 178,500.“ The ethnic composition of
the minority populationis primarily White Hispanic (24 percent), self-designated ™ other and multiple™
races (63 percent), and Native American (6 percent). Asiansand Pecific Islanders (4 percent) and African
American (3 percent) make up therest. The Hispanic population residespredominantly in Franklin,

@ TheHanford Site National Environmental Policy Act (NEPA) Characterization Rev.14 shows the total
population "within™ 80 km as 511,500, which was estimated by a geographical information system from the
populationsof individual census block groups, the smallest geographic area for which both minority and poverty
status were estimated in the 2000 Census. The higher number resulted because the total population of a census
block group was previously assigned to the 80-km arealif any part of the block group lay within 80 km of the
Hanford Meteorological Station in the middle of the Hanford Site. The new estimate splits boundary block groups
to include only those portions within 80 km, which should result in alower and more accurate estimate.
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Table4.6-3. Population Estimatesand Percentagesby Race and Hispanic Origin within each County in Washington State and the 80-km (50 mi)

Radiusof Hanford as Determined by the 2000 Census (Census 2003b)

Benton/Franklin/ 80-km(50-mi)
Grant/Adams/ Benton |Franklin| Grant | Adams |Yakimal Radiusof
Subj ect WA State | Percent Yakima Percent| County | County | County | County |County| Hanford®
Total Population 5,894,121 100 505,529 100 142,475 49,347 74,698 16,424 222,581 482,300
Single Race 5,680,604 96.4% 489,206 96.899 138,646 47,302 72,451 15,9771 214,830 482,280
Whitg 4,821,823 818%| 367,283 72.7% 122,879 30,553 57,174 10,674 146,005 347,047
Black or African
American 190,267 3.2% 5,494 1.1% 1,319 1,230 742 4q 2,157 5,507
American
Indian/Alaskal
Native 93,301 1.6% 12,468 2.5% 1,165 362 863 1121 9,966 10,288
Asian 322,335 5.5% 6,809 1.3% 3,134 800 652 99 2,124 6,681
Native
Hawainan/Pacific
Islander| 23,953 0.4% 482 0.1% 163 57 53 6 203 479
Other Race 228,923 3.9% 96,670 19.1% 9,986 14,300 12,967 5,043 54,375 96,625
Two or More
Races 213,519 3.6% 16,323 3.2% 3,829 2,045 2,247 4511 7,751 15,654
Hispanic Origin
(of any race) o) 441,509 7.5% 150,951 29.9% 17,806 23,032 22,476 7,734 79,905 149,588

(8 Includesa portion of Oregon

(b) Hispanicoriginis not aracial category. It may be viewed as the ancestry, nationality group, lineage, or country of birth of the person
or person's parents or ancestorsbefore arrival in the United States. Personsof Hispanic origin may be of any race and are counted in

the racia categories shown.
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Y akima, Grant, and Adams counties. Native Americans within the 80-km (50-mi) areareside primarily
on the Y akama Reservation and upstream of the Hanford Site near the town of Beverly, Washington.

The low-income population in 2000 was approximately 80,800, or 17 percent of the total population
residing in the 80-km (50-mi) radius of the Hanford Site (Census 2002 a, b), about the same percentage as
the 1990 Census. The mgjority of these households were located to the southwest and northwest of the
Site (Y akima and Grant counties) and in the cities of Pasco and Kennewick.

Figure 4.6-1 shows the location of Census block groups from the 2000 Census that had either a
majority of residents who were members of a minority group (racial minority or Hispanic), or whose
percentage of residents belonging to any minority group was at least 20 percentage points greater than the
corresponding percentage of the state population (Census2001a,b,c).

Figure 4.6-2 shows the location of Census block groups from the 2000 Census that had either a
majority of residents who were low income (members of a household below the national poverty level),
or a percentage of low-income residents at |east 20 percentage points greater than the corresponding
percentage of the state population (Census 2002 a,b).

The CEQ guidance recognizes that many minority and low-income populations derive part of their
sustenance from subsistence hunting, fishing, and gathering activities (sometimes for species unlike those
consumed by the mgjority population) or are dependent on water supplies or other resources that are
atypical or used at different rates than other groups. These differential patterns of resource use are to be
identified where practical and appropriate. Native Americans of varioustriba affiliations wholivein the
greater Columbia Basin rely in part on natural resources for subsistence. Accordingto Harrisand Harper
(1997), the Nez Perce Tribe of 1daho, the Confederated Tribes of the Umatilla Reservation, and the
Confederated Tribes and Bands of the Y akama Nation depend on natural resources for dietary
subsistence. For example, the Treaty of 1855 with the Confederated Tribes and Bands of the Y akama
Nation (Y akama 1855) secured to the Yakamas "the right of taking fish at all usual and accustomed
places, in common with the citizens of the Territory [now the state of Washington] and of erecting
temporary buildings for curing them; together with the privilege of hunting, gathering roots and berries,
and pasturing their horses and cattle upon open and unclaimed lands™ ceded to the government. Some of
this ceded territory islocated on the Hanford Site. The Wanapum, a non-treaty tribe, historically lived
along the Columbia River and continue to live upstream of the Hanford Site. They fish on the Columbia
River and gather food resources near the Hanford Site. The Confederated Tribes of the Colville
Reservation established by the Executive Order of April 9, 1872, traditionally fished and gathered food
resources in the Hanford area. They also are recognized as having cultural and religious tiesto the
Hanford Site.

465 Housng

In FY 2002,2603 houses were sold in the Tri-Cities at an average price of $151,902, compared to
2569 houses sold at an average price of $134,570 during 2001 (TCAR 2002). In FY 2002, 1227 single-
family houses were built, up 41% from the 869 that were built during 2001. The FY 2002 total surpasses
the previous annual peak of 1117 in 1994 (WCRER 2002a).

Asof April 1,2002, there were estimated to be 75,191 housing unitsin Benton and Franklin counties,
which is 28.4% more than the 58,541 in 1990 (OFM 2002c). The number of apartments has increased
from 8225 in 1990 to 10,290 during 2002. The vacancy rate of apartmentsin Benton and Franklin
countiesin September 2002 was 3.4%, and the average rent was $598 per month. Thesefigures are up
from the 2.0% vacancy rate and up from the $576 average rent in 2001 (WCRER 2002b).
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Figure4.6-1. Location of Minority Populations Near the Hanford Site, Washington, based on

2000 Census. Shaded AreasIndicate Regionsthat have a Mgjority of Residents
who are Members of a Minority Group.
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46.6 Transportation

The Tri-Cities serves as a regional transportation and distributioncenter with mgor air, land, and
river connections. The Burlington Northern and Santa Fe Railway (BNSF) and Union Pacific Railroad
providedirect rail service. Union Pacific Railroad operates the largest fleet of refrigerated rail carsin the
United Statesand isessential to food processors, which ship frozen food from thisarea. Passenger rail
serviceis provided by Amtrak, which hasa station in Pasco. Rail service on the Hanford Siteis
maintained and operated by the Tri-City and Olympia Railroad Company.

Docking facilitiesat the Ports of Benton, Kennewick, and Pasco are important aspectsof thisregion's
infrastructure. These facilitiesare located on the 525-km- (325.5-mi-) long commercia waterway, which
includes the Snake and Columbiarivers, that extendsfrom the Ports of Lewiston-Clarkston in Idahoto the
deep-water portsof Portland, Oregon, and Vancouver, Washington.

Daily air passenger and freight services connect the area with most major citiesthrough the Tri-Cities
Airport, located in Pasco. This modern commercial airport linksthe Tri-Citiesto major hubsand
providesaccess to destinationsanywhere in the world. There are two runways, a man runway and a
minor runway for use during crosswinds. The main runway is equipped for precision instrumentation
landingsand takeoffs. Each runway is 2347 m (7700ft) long and 46 m (150 ft) wide, and can
accommodate landings and takeoffsby medium-rangecommercia aircraft, such as the Boeing 727-200
and Douglas DC-9.

During 2002, Delta Airlines, United Express, Horizon Air, and Air Wisconsin offered 7365 total
flights (landings) into and out of the Tri-Cities. Theseairlines provide daily connectionsto domestic and
internationa flightsthrough Salt Lake City, Seattle, Denver, Spokane, and Portland. There were 210,351
enplanementsat the Tri-Cities Airport during 2002, which was up from 206,188 enplanementsin 2001,
and isarecord for the airport. Except for 2001, which saw a slight decreasedue in part to the effects of
9/11, the number of passengers hasincreased eight yearsin arow. Projectionsindicatethat the terminal
can serve amost 300,000 passengersannually.

The Tri-Citiesregion has three general aviation airports that serve privateaircraft. The Richland
Airport, owned by the Port of Benton, islocated northwest of the Richland central businessdistrict,
adjacent to the Richland by-pass highway (SR-240). VistaField Airport, owned by the Port of
Kennewick, islocated at the intersection of ColumbiaCenter Boulevard and Canal Drive, with easy
accessto SR-240,1-82, and I-182. The Prosser Airport, owned by the Port of Benton, islocated one mile
northwest of the businessdistrict of Prosser and is adjacent to US-12. Airfreight shippersthat servicethe
region include Airborne from Richland, United Parcel Servicefrom Kennewick, and Federal Express
from the Tri-Cities Airport in Pasco.

Masstransit within the Tri-Citiesis provided by the Ben Franklin Transit system. The system covers
more than 110 mi” and provides frequent service to al four local communities(Richland, Kennewick,
Pasco, and West Richland). The Ben Franklinfleet consistsof 54 buses, 31 Dial-a-Ride para-transit
vehicles, and 75 VanPool vans. Two loca taxi companies provide radio-dispatched taxicab service 24
hours per day: A-1 Tri-CitiesCab and AMR Transportation. Intercity bus transportation is provided by
Greyhound Bus Lines. Busesto Sesttle, Spokane, and Portland leave twice daily from the Pasco
terminal.

The regional transportation network in the Hanford vicinity includes the areasin Benton and
Franklin counties from which most of the commuter traffic associated with the Site originates.
Interstate highwaysthat serve the areaare1-82 and I-182. 1-82is 8 km (5 mi) south-southwest of the



Site. 1-182, a24-km (15-mi) long urban connector route, located 8 km (5 mi) south-southeast of the Site,
provides an east-west corridor linking1-82 to the Tri-Citiesarea. 1-90, located north of the Site, is the
major link to Seattle and Spokane and extendsto the East Coast. 1-82 servesas a primary link
between Hanford and 1-90, as well as1-84. 1-84, located south of the Sitein Oregon, is a major
corridor leading to Portland, Oregon. SR 224 (Van Giesen Street), also south of the Site, serves as
a 16-km (10-mi) link between 1-82 and SR 240. SR 24 entersthe Site from the west, continueseastward
across the northernmost portion of the Site, and intersects SR 17 approximately 24 km (15 mi) east of the
Site boundary. SR 17 is a north-south route that links1-90 to the Tri-Citiesand joins U.S. Route 395,
continuing south through the Tri-Cities. U.S. Route 395 north also provides direct accessto 1-90. SR
240 and SR 24 traversethe Site and are maintained by Washington State.

A DOE-maintained road network within the Hanford Site consists of 607 km (377 mi) of asphalt-
paved road and provides access to the variouswork centers. Primary accessroadsto the industrial areas
of the Hanford Siteare Routes 1, 2, 3, 5, 6, 10, 11, and Beloit Avenue. Public accessto the 200 Areas
and interior locations of the Hanford Site has been restricted by guarded gates at the Wye Barricade (at
theintersection of Routes 10 and 4), the Y akimaBarricade (at theintersection of SR 240and Route 11A),
and Rattlesnake Barricade south of the 200 West Area. None of those roadways have experienced any
substantial congestion except Route 4 (WHC 1994).

Accessto the Hanford Siteis viafour main routes. Hanford Route4S from StevensDrivein the City
o Richland, Route 10 from SR 240 near its intersection with SR 225, Beloit Avenuefrom SR 240, or
Route 11A from SR 240 near itsintersection with SR 24. Another route, through the Rattlesnake
Bamcade, islocated 35 km (22 mi) northwest of Stevens Drive and isfor passenger vehicleaccess only.
The estimated total number of commutersto thisareais 3100. Approximately 87 percent of the workers
commuting to the 200 Areas are from the Tri-Cities, West Richland, Benton City, and Prosser (Perteet et
al. 2001). The remainingworkerscommutefrom the surrounding counties of Y akima, Adams, Grant, and
WadlaWalla

The portion of SR 240 most affected by 200 Areacommutersis between U.S. 395 in Kennewick and
Stevens Drive. Portionsdf this roadway currently operate below the minimum level of service
established by the Regional Transportation Planning Organization. Peak annua averagedaily traffic
(AADT) on the section from ColumbiaCenter Boulevardto I-182 is 54,000 (Perteet et al. 2001).

[-182 has peak traffic countsof 35,000 AADT in the vicinity of SR 240in Richland. I-182 also has
current deficienciesat the interchanges with Queensgate Drive and 20™ Avenue. SR 224 (Van Giesen
Street) transports most of the commutersfrom West Richland and Benton City to SR 240. The
intersection of SR 224 and SR 240 isthe only section of SR 224 with current level of service (LOS)
deficiencies. LOSisaqualitativemeasure of a roadway's ability to accommodate vehicular traffic,
ranging from free-flow conditions (LOS A) to extreme congestion (LOSF). LOS D isconsidered the
lower end of acceptableL OS (Perteet et al. 2001).

Stevens Drive (in and north of Richland) has peak traffic counts of 8300 AADT a Horn Rapids Road
and 22,000 AADT just north of itsintersection with SR 240 (Bypass Highway). Currently this roadway
experiences LOS deficiencies. George Washington Way isthe principal north-south arterial through
Richland. AADT at theentranceof the Hanford Site on George Washington Way is 1800. Counts north
of McMurray are 18,000 AADT and counts on George Washington Way just north of 1-182 are 43,000
AADT. George Washington Way has L OS deficienciesbetween I-182 and Swift Boulevard (Perteet et
a. 2001).
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Private vehiclesaccount for 91 percent of the person trips to the Hanford Site. The remaining person
tripsare by formsof High Occupancy Vehicles (mostly Ben-Franklin Vanpools). Of the 91 percent of
private vehiclesonly 3 percent are by carpool with the remaining 88 percent being single-occupancy
vehicles. The Draft Regiona Transportation Plan identifies 11,468 employees working at Hanford.
Based on 88 percent of the trips carrying asingle person to Hanford, 10,092 single occupancy tripsare
madedaily or an AADT of 10,184 (Perteet et al. 2001). Severa loca highway construction projectsare
underway to reduce some of the traffic bottlenecks.

The Hanford Siterail system originally consisted of approximately 210 km (130 mi) of track. It
connected to the Union Pacific Railroad commercia track at the Richland Junction (at ColumbiaCenter
in Kennewick) and to a now abandoned commercia right-of-way (Chicago, Milwaukee, St. Paul and
Pacific Railroad) near Vernita Bridge in the northwest section of the Site. Prior to 1990, annual railcar
movements numbered about 1400 sitewide, transporting materialsincluding coal, fuel, hazardous process
chemicals, and radioactive materials and equipment (DOE 1996b). In October 1998, 26 km (16 mi) of
track from Columbia Center to Horn Rapids Road were transferred to the Port of Benton and are currently
operated by the Tri-City and OlympiaRailroad. The Port of Benton has been granted the right to operate
portionsof therailroad on the Hanford Site.

46.7 Educational Services

Most of the primary and secondary studentsin the Tri-Cities area are served by the Richland, Pasco,
Kennewick, and Kiona-Benton (Benton City) school districts. The total 2002 fall enrollmentfor al
districtsin Benton and Franklin countieswas 41,999 students, an increase of 3.4% from the 2001 total of
40,590 students. The 2001 total sinclude 9800 studentsfrom the Richland School District, up from 9622
in 2001; 9785 studentsfrom the Pasco School District, up from 9227 in 2001; 14,698 studentsfrom the
Kennewick School District, up from 13,993 in 2001; and 1664 from the Kiona-Benton School District,
which remained even with 2001 enrollment figures(OSPI 2003).

There are several privateelementary and secondary schoolsin the Tri-Cities, including Bethlehem
Lutheran (K-8) and St. Joseph's (K-8) in Kennewick; Christ the King (K-8) and Liberty Christian (K-12)
in Richland; and Faith Christian (K-12), Country Haven Academy, St. Patrick's (K-8), Tri-City Junior
Academy (K-10), and Tri-Cities Prep Catholic High School in Pasco. Fall 2002 enrollment at these
schools totaled 2300 students, adecreaseof 2.1 percent from the 2001 total of 2350 (OSPI 2003).

Post-secondary educationin the Tri-Citiesareais provided ColumbiaBasin College (CBC), City
University, and Washington State University, Tri-Citiesbranch campus (WSU-TC). The 2001 fall/winter
enrollment was 7661 at CBC, 342 at City University, and 1099 at WSU-TC. Many of the programs
offered by these three institutionsare geared toward the vocational and technical needsof the area.
During 2001-02, CBC offered 23 Associatein Applied Science (AAS) degree programs. City University
offersthree undergraduate, and four graduate programs, plus access to several more programsthrough
distancelearning. WSU-TC offers 16 undergraduate and 14 graduate programs, as well as accessto
graduate programs via satellite.

46.8 Health Careand Human Services

The Tri-Cities has three major hospitals and five minor emergency centers. All three hospitalsoffer
genera medica servicesand include a 24-hr emergency room, basic surgical services, intensivecare, and
neonatal care.

Kadlec Medica Center, located in Richland, has 147 beds and functioned at 61% capacity with 7706



total admissionsduring 2002. Non-Medicare/Medicaid patientsaccountedfor 47% of Kadlec's
admissionsduring 2002. An average stay of 3.9 days per admission was reported for 2002.

Kennewick General Hospital maintained a 62% occupancy rate of its 71 beds with 6380 total
admissionsduring 2002. Non-Medicare/Medicaid patients represented 41% of itstotal admissions. An
averagestay of 3.2 days per admission was reported during 2002.

Our Lady of LourdesHospital operatesa 132-bed Health Center, located in Pasco, providing acute,
sub-acute, skilled nursing and rehabilitation, and a cohol and chemical dependency services. Our Lady of
Lourdesoperatesthe Carondolet Psychiatric Care Center, a 32-bed psychiatric hospital located in
Richland. They aso provide a significant amount of outpatientand home health services. For calendar
year 2002, Our Lady of Lourdeshad atotal of 4081 admissions, 20% of which were non-
Medicare/Medicaid. Lourdeshad an average acute care length of stay of 3.0 days, and the occupancy rate
was 37.3% during 2002.

The Tri-Citiesoffersa broad range of socia services. State human serviceofficesin the Tri-Cities
includethe Job Service Center within the Employment Security Department; food stamp offices,
Developmental DisabilitiesDivision; financial and medical assistance; Child Protective Service;
emergency medical service; a senior companion program; and vocationa rehabilitation.

The Tri-Citiesis also served by alarge number of privateagenciesand voluntary human service
organizations. The United Way, an umbrellafund-rai sing organization, incorporates 20 participating
agenciesoffering 35 programs. These member agencies had acumulative budget total of $27 million
during 2002. In addition, there were 617 organizationsthat received fundsas part of the United Way
Benton-Franklin County donor designation program.

469 Podliceand Fire Protection

Benton and Franklin counties sheriff departments, local municipal police departments, and the
Washington State Patrol Division, with headquartersin Kennewick, provide police protection in Benton
and Franklin counties. Table 4.6-4 shows the number of commissioned officersand patrol carsin each
departmentin April 2003. The Kennewick Municipal Police Department maintains the largest staff of
commissioned officerswith 88.

Table4.6-4. Police Personnel in the Tri-Cities, Washington, 2003

Area Commissioned Reserve Officers Patrol Cars
Officers
Kennewick Municipal 88 8 28
Pasco Municipal 52 12 21
Richland Municipal 50 9 13
West Richland Municipa 13 5 13
Benton County Sheriff 52 15 66
Franklin County Sheriff 21 6 23
Tri-CitiesTotals 276 55 164
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Fire protection is provided by the fire departmentsof the cities of Kennewick, Pasco, and Richland,
and by Benton County Rural Fire Departments#1, #2, and #4. Table 4.6-5 indicatesthe number of fire
fighting personnel, both paid and unpaid, on the staffsof firedistrictsin the area.

The Hanford Fire Department, a highly trained and professional career industrial fire department with
145 members, providesfire protection on the Hanford Site. Therearefour fire stationsstrategically
located on the Hanford Site. From these stationsfour pumper crews, staffed with at least three
firefighterseach, provide suppression response. Four ambulance crews (onein each fire station), staffed
with two firefighters(Emergency Medica Technicians[EMT]- or paramedic-trained), provide emergency
medica services24 hr/day, 7 days/week. A total of 40 emergency response vehicles, representingdiverse
capabilities, are maintained at the four fire stations. Some emergency equipment is specifically intended
to control situationsexclusiveto the Hanford Site.

The Hanford Fire Department provides coverageto the entire Hanford Site and to SR 240 and SR 24.
Coverage on the highwaysextendsfrom the Vernita Bridge to the Silver Dollar Cafe on SR 24 and along
SR 240 from the Y akima Bamcade to the intersection with SR 225. Additionally, the Hanford Fire
Department respondsto mutua aid requestsfrom 10 surrounding fire districts.

Table4.6-5. Fire Protection Personnel in the Tri-Cities, Washington, 2003

FireStation  FireFightingPersonnd  Volunteers  Total ServiceArea
Kennewick 68 0 68 City of Kennewick
Pasco 42 0 42 City of Pasco
Richland 54 0 54 City of Richland
BCRFD™ 1 10 110 120 Kennewick Area
BCRFD 2 4 40 44 Benton City
BCRFD 4 5 40 45 West Richland
Tri-CitiesTotal 183 190 337
(8) BCRFD = Benton County Rura Fire Department.

4.6.10 Parksand Recreation

The convergencedf the Columbia, Snake, and Y akimarivers offers residentsof the Tri-Citiesa
variety of recreational opportunities. The Lower Snake River Project includes Ice Harbor, Lower
Monumental, Little Goose, and L ower Granitelocks and dams, and a levee system and parkway at
Clarkston and Lewiston. Although navigation capabilitiesand the electrical output are the major benefits
of this project, recreationa benefits have also resulted. The Lower Snake River Project provides boating,
camping, and picnicking facilitiesin nearly a dozen areas along the Snake River. During 2001, nearly 2
million people visited the area and participated in activitiesalong theriver.

Similarly, the ColumbiaRiver providesample water recreationa opportunities on the lakes formed by
thedams. Lake Wallula, formed by McNary Dam, offersalarge variety of parksand activitiesthat
attracted more than 4.2 million visitorsduring 2001. The Columbia River Basin isalso a popular areafor
migratory waterfowl and upland game bird hunting.



Other opportunities for recreational activities in the Tri-Cities are accommodated by the indoor and
outdoor facilities available, some of which arelisted in Table 4.6-6. Numerous tennis courts, ball fields,
and golf courses offer outdoor recreation to residents and tourists. Several privately owned health clubs
in the area offer indoor tennis and racquetball courts, pools, and exercise programs. Bowling lanes and
skating rinks also serve the Tri-Cities.

4.6.11 Utilities

The principal source of water in the Tri-Cities and the Hanford Siteisthe Columbia River. The water
systems of Richland, Pasco, and Kennewick drew alarge portion of the 49.5-billion L (13.1-billion gal)
used during 2002 from the Columbia River. Each city operatesits own supply and treatment system. The
Richland water supply system derives about 82% of its water directly from the Columbia River, while the
remainder issplit between a well field in North Richland (that is recharged from the river) and
groundwater wells. Thecity of Richland's total usage during 2002 was 24.5 billion L (6.5 billion gal).
The city of Pasco system also draws from the ColumbiaRiver for its water needs. During 2002, Pasco
consumed 12.6 billion L (3.3 billion gal). The Kennewick system usestwo wells and the Columbia River
for itssupply. These wells serve as the sole source of water between November and March and can
provide approximately 40% of the total maximum supply of 30 billion L (8 billion gal). Total 2002 usage
in Kennewick was 12.4 billion L (3.3 billion gal).

Table4.6-6. Examples of Physical Recreational Facilities Availablein the Tri-Cities, Washington

Activity Facilities

Team sports Baseball fields and basketball courts are located throughout the Tri-Cities.
Soccer and football fields are also located in various areas.

Bowling Lanes in each city, including Fiesta Bowling Center, Celebrity Bowl, and Go-
Bowl.

Camping Several hundred campsites within driving distance from the Tri-Cities area,
including Fishhook Park and Sun L akes.

Fishing Steelhead, sturgeon, trout, walleye, bass, and crappie fishing in the lakes and
rivers near the Tri-Cities.

Golf Several public coursesincluding Sun Willows, Columbia Park, Canyon L akes,

Columbia Point, Buckskin, and West Richland Municipal, two semi-private
courses, two private courses, and a number of driving ranges and pro shops.

Hunting Duck, geese, pheasant, and quail hunting. Deer and elk hunting in the Blue
Mountains and the Cascade Range.

Skating Roller-skating in Richland, Kennewick, and Prosser; Junior professional ice
hockey arenaavailable to the public in Kennewick.

Water sports Private and public swimming poolsin the area. Boating, sailing, windsurfing,
diving, water-skiing, swimming, etc. on the ColumbiaRiver.

Tennis Several outdoor city courts, with additional outdoor courtslocated at area
schools. Two private health clubs have indoor courts available.

Walking/bicycling  Several miles of paved bike/hike paths.




The major incorporated areas of Benton and Franklin countiesare served by municipal wastewater
treatment systems, whereasthe unincorporated areas are served by onsite septic systems. Richland's
wastewater treatment system processed an averageflow of 22.4 millionL/d (5.9 million gal/d) during
2002 and isdesigned to treat 43.1 million LId (11.4 million gaud). Kennewick's waste treatment system
processed an average 20.1 million LId (5.3 million gal/d) during 2002. Their systemis capable of treating
about 46.1 million L/d (12.2 million gal/d). Pasco's waste treatment system processed an average 10.4
million LId (2.7 million gal/d) and is capabledf treating 16.1 million LId (4.25 million gal/d).

The Benton County Public Utility District, Franklin County Public Utility District, and City of
Richland Energy Services Department provide electricity to the Tri-Citiesand surrounding areas. Nearly
all the power these utilitiesprovidein the local areais purchased from the Bonneville Power
Administration (BPA), afederal power-marketing agency. These three utilities served more than 81,000
customersand had 3.03 billion kilowatt-hour (kWh) total salesduring 2002. The averageratefor
residential customerswas approximately $0.065/kWh in 2002, up from $0.061 in 2001. The Benton
Rura Electrical Association serves portionsof the rura areasof Benton and adjacent counties.

Electrica power for the Hanford Siteis purchased wholesalefrom BPA, which provided nearly 95%
of the electricity consumed on the Hanford Site during 2002. Energy requirementsfor the Hanford Site
during FY 2002 were over 249 million kWh for atotal cost of $8.3 million. Additionally,the Site spends
about $0.024/kWh for electrical transportation and distribution within the Hanford Site.

Natura gas, provided by the Cascade Natura Gas Corporation, servesa small portion of loca
residents, with 9188 residential customersas of April 2003. Average annua gasbill for residentia
customersisapproximately $1100. The Cascade Natural Gas Corporation also serves the Hanford Site
300 Area

In the Pacific Northwest, hydropower, and to a lesser extent coal, natural gas, and nuclear power,
constitute the bulk of the region's electrical generation system. During 2002, generating resourcesin the
Northwest averaged more than 28,547 megawatts (MW) of energy. Theregion's electrical power system,
more than any other system in the nation, is dominated by hydropower, as 56.5% of the Pacific
Northwest's regional generation came from the hydroel ectric system during 2002. Coal resourceswere
the next largest component, representing nearly 19.6% of al generating resources, followed by natural
gas (17.9%), nuclear (3.0%), and " other" (3.0%) resources (NPPC 2003).

The Pacific Northwest system'’s reliance on hydroel ectric power meansthat it is more constrained by
the seasonal variationsin peak demand than in meeting momentary peak demand. The ColumbiaRiver
hydroelectric system's installed capacity was 33,463 MW during 2002 (NPPC 2003), but limitations on
the storage capacity of the system result in significant variationsin the system's energy output from year
to year, depending on annual rainfall and snowpack accumulation. In the driest years, the hydroel ectric
system produces only about 11,700 average MW of energy. In the wettest years, the hydroelectric system
produces about 20,000 average MW. In average water years, the dams generate approximately 16,500
averageMW (NPPC 1998).

Additional constraintson hydroelectric production include measuresdesigned to protect and enhance
the production of salmon, as many salmon runs have dwindled to the point of being threatened or
endangered. These measures, outlined by the Northwest Power Planning Council's (NPPC) Columbia
River Basin Fish and Wildlife Program, include minimum flow levelsand a**water budget,” referring to
water in the Columbiaand Snake riversthat is released to speed the migration of young fish to the sea.
Generation capacity of the hydroelectric system is decreased with these measures, as less water is
available to pass through the turbines.
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In addition to the hydroel ectric system, other sourcesaf bulk electric power in the Northwest include
large coal-fired power plants, industrial cogeneration plants, small biomass plants, numeroussmall
hydroelectric projects, simple-cycleand combined-cyclenatural gas combustion turbines, and the Energy
Northwest Columbia Generating Station nuclear plant. The Columbia Generating Station (the only
commercial nuclear power plant remaining in servicein the Pacific Northwest), upgraded from its
original peak capacity, and can now serve about 1216 MW during winter pesk load. The plant produced
851 average MW of energy in fiscal year 2001 (NPPC 2002).

Wind energy isa new but growing component of the mix of generating resources. Phasel of FPL
Energy's Statelinewind generation project (180 MW) entered servicein December 2001 near Walla
Walla, and Energy Northwest's Nine Mile Canyon Wind Farm (48 MW) entered service in October 2002
near Kennewick (American Wind Energy Association 2003). A number of other wind power projects
(including a40 MW Phase I for Stateline) have been proposed for the Northwest, though many have
been put on hold because of low e ectricity demand, declining wholesale electricity prices and reduced
economic activity due to recession. At pricesof 4.0to 6.0 cents per kWh, wind energy isclose to
competitive with other sources, despiterelatively high costs per installed kWh and capacity factors of
around 35 percent (OTED 2003).

46.12 Land Use

The DOE completed a Hanford ComprehensiveLand-Use Plan EIS (HCP-EIS) in September 1999
(DOE 1999a), and a Record of Decision (ROD) wasissued on November 2, 1999 (64 FR 61615). The
purposedf thisland-useplan and itsimplementing policiesand proceduresisto facilitatedecision-making
about the Hanford Site's uses and facilitiesover at least the next 50 years. The Preferred Alternative map
shown in Figure 4.6-3 represents DOE’s future land-management values, goals, and objectives. Theland-
use plan consists of several key elements that are included in the Department's Preferred Alternativein
the Fina HCP-EIS (DOE 1999a). These elementsinclude aland-use map that addresses the Hanford Site
asfive geographic areas - Wahluke Slope, Columbia River Corridor, Central Plateau, All Other Areas of
the Site, and the Fitzner Eberhardt Arid Lands Ecology Reserve. The map depictsthe planned future uses
for each area; aset of 10 land-usedesignationsthat definethe permissible usesfor each areaof the
Hanford Site; and the planning and implementing policiesand proceduresthat will govern the review and
approval of futureland uses. Together, these four elements create the Hanford Comprehensive Land-Use
MPan.

Thekey featuresof the Hanford Site that form the basisfor the five geographic areas used in the
environmental impact analysisand land-use plans areasfollows:

« TheWahlukeSlope. Theareanorth of the Columbia River and the Hanford Site proper
encompasses approximately 357 km? (138 mi?) of relatively undisturbed or recovering shrub-
steppe habitat managed by the USFWSfor the DOE. Theselands consist of two wildlife
management units within the Hanford Reach National Monument/Saddle Mountain National
Wildlife Refuge, the 130 km? (50 mi?) Saddle Mountain Unit, and the 225 km? (87 mi®) Wahluke
Unit. Portionsof the Saddle Mountain Unit, closed to public access, still serve as buffer areasfor
the Hanford Site. The Wahluke Unit isopen to public recreational access. A small strip of land
approximately 1.62 km?(0.63 mi®) located between SR 243 and the Columbia River west of SR
24 is managed by the Washington State Department of Fish and Wildlifeand retains public
access.
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Figure4.6-3. DOE's Preferred Alternativefor Land Use on the Hanford Site (DOE 1999a)
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Columbia River Corridor. The 111.6 km? (43.1 mi?) Columbia River Corridor, adjacent to and
running through the Hanford Site, is used for boating, water skiing, fishing, and hunting of upland
game birds and migratory waterfowl. Although public accessisalowed on certain islands,
accessto other islands and adjacent areas is restricted because of distinctive habitats and the
presence of cultural resources.

Along the southern shoreline of the Columbia River Corridor, the 100 Areas occupy
approximately 68 km? (26 mi?). Thefacilities in the 100 Areas include nine retired plutonium
production reactors, associated facilities, and structures. Resource Conservation and Recovery
Act of 1976 (RCRA) (42 USC 6901 et seq.) closure permit restrictions have been placed in the
vicinity of the 100-H Area, which is associated with the 183-H Solar Evaporation Basins.
Additional deed restrictions or covenantsfor activities that potentially extend more than 4.6 m
(15ft) below ground surface are expected for the Comprehensive Environmental Restoration,
Compensation, and Liability Act of 1980 (CERCLA) (42 USC 9601, et seq.) remediation areas.

The area within the Columbia River Corridor known as the Hanford Reach includes an average of
a402 m (1320 ft) strip of public land on either side of the ColumbiaRiver.

Central Plateau. The 200 East and 200 West Areas occupy approximately 51 km? (19.5 mi?) in
the Central Plateau of the Hanford Site. Facilities located in the Central Plateau were built to
processirradiated fuel from the plutonium production reactors. The operation of thesefacilities
resulted in the treatment, storage, disposal, and unplanned release of radioactive and
nonradioactive waste. The Environmental Restoration Disposal Facility for CERCLA cleanup
wastesis located in the Central Plateau.

A commercia low-level radioactive waste disposal facility, licensed by the State of Washington
and run by U.S. Ecology, Inc., currently operates on 0.4 km? (0.16 mi?) of the Central Plateau.

All Other Areas. All Other Areas comprise 689 km? (266 mi%) and contain the 300, 400, and
1100 Areas, Energy Northwest facilities, and a section of land currently owned by the State of
Washington for the disposal of hazardous substances.

The Hanford 1100 Area and the Hanford railroad southern connection (from Horn Rapids Road to
Columbia Center) have been transferred from DOE ownership to Port of Benton ownership to
support future economic development. Although the 1100 Areais no longer under DOE control,
itisincluded in the HCPEIS to support the local governments with their State Environmental
Policy Act (SEPA) EIS analyses of the Hanford sub-area of Benton County under the State of
Washington's Growth Management Act.

The 300 Areais located just north of the city of Richland and covers 1.5 km? (0.6 mi?). The 300
Areaisthe site of former reactor fuel fabrication facilities and is also the principal location of
nuclear research and development facilities serving the Hanford Site.

The 400 Area, located southeast of the 200 East Area, isthe site primarily of the Fast Flux Test
Facility (FFTF), a 400-megawatt (thermal) liquid metal (sodium) fast neutron flux nuclear test
reactor. The construction of the FFTF was completed in 1978 and itsinitial operation began in
1980. From 1982 to 1992, the FFTF operated as a national research facility to test advanced
nuclear fuels, materials, components, nuclear power plant operationsand maintenance protocols,
and reactor safety designs. During this time, the FFTF also produced a wide variety of medical
and industria isotopes, made tritium for the U.S. fusion research program, and conducted
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cooperative international research work. In late 1993, DOE ordered the FFTF to begin shutdown
(i.e., deactivationor transition) due to lack of economically-viable missions, and shutdown work
was performed from 1994 through 1997. From 1997 through theend of 2001, the FFTF was
maintained in a standby condition while numerousfeasibility studies and a NEPA EIS review
were conducted of any futurerolesit might have. Based on these eval uations, the DOE decided
in late 2001 that restart of the FFTF wasimpracticable and that its deactivation would resume.
Major FFTF deactivation activitiesunderway at thistime consist of, but are not limited to, dry
cask storageof irradiated fuel, dry storageof unirradiated and sodium-bonded fuel, sodium drain
and storage, and deactivation of the auxiliary plant systems. In late 2002, these deactivation
activitieswere temporarily stopped dueto lega challenges. However, in early 2003 the court
resolved these legal challengesand DOE was alowed to resume deactivation activities.

Energy Northwest currently operatesthe Columbia Generating Station on leased land
approximately 10 km (6 mi) north of Richland. Originally leased for the operation of three
nuclear power plants, construction of two of the plants was halted; other industrial optionsare
currently being considered.

In 1980, the federal government sold a2.59 km? (1 mi?) section of land (known as Section 1)
south of the 200 East Area, near SR 240, to the State of Washington for the purpose of
nonradioactive hazardouswaste disposal. To date, this parcel has not been used for hazardous
wastedisposal, and it is undevel oped and uncontaminated (although the underlying groundwater
iscontaminated). The deed requiresthat if it were used for any purpose other than hazardous
waste disposal, ownership would revert to thefederal government.

Additional activitiesin All Other Areasinclude:

(1) A specialized training center: The Hazardous Materials Management and Emergency
Response (HAMMER) Vol pentest Training and Education Center is used to train hazardous
materials response personnel. It islocated north of the former 1100 Areaand coversabout 0.3
km? (0.12 mi?).

(2) A regional law-enforcement training facility: The Hanford Patrol Training Academy
providesarange df training environmentsincluding classrooms, library resources, practice shoot
houses, an exercise gym, and an obstacle course.

(3) A national research facility: The Laser Interferometer Gravitational Wave Observatory
(L1GO), built by the National Science Foundation for scientificresearch, isdesigned to detect
cosmic gravitational waves. Thefacility consistsof two optical tube arms, each 4 km (2.5 mi)
long, arrayed in an "L" shape, which are extremely sengitive to vibrations.

Fitzner Eberhardt Arid Lands Ecology Reserve Unit (AL E Reserve). The 308.7 km? (119.2
mi%) ALE Unit is part of the Hanford Reach National Monument and is managed by the USFWS
for the DOE. The Unit islocated in the southwestern portion of the Hanford Site and is managed
asawildlifereserve and environmenta research center. The publicis currently restricted from
the site.

Lo
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The Hanford Site facilitiesand activities are consolidated within operating areas that occupy about 6
percent of thetotal availablearea of the Site (DOE 1999b). Some of the Hanford Site that is not involved
with the current mission has been leased, disposed, or permitted to federal or state agencies, or private
entities. Table4.6-7 isasummary of land allocations.
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Table4.6-7. Areasof the Hanford Site, Washi ngton,'Outgranted/Released to Date ®

Area M anagement Use Y ear Controls
US Ecology Low-
Level Radioactive Radioactive
Waste Disposal State of Waste
Facility Washington Disposal 1964 Leased
Washington
State
Department of  Highway
VernitaRest Area™  Transportation  Rest Area 1966  Washington State Highway Patrol
Columbia Energy Power
Generating Station Northwest Production 1971 Leasd
West End of Permitted with the following
Wahluke Slope controls:
(Saddle Mountain ® No overnight camping
National Wildlife U.S Fishand ® Accesscontrol plans required
Refuge) ® Wildlife Wildlife * Nodrillingof wellsfor
(Superseded) Service Refuge 1971 residential water
WA State
East End of Departmentof ~ Wildlife& Permitted with same controlsas
Wahluke Slope Fish and Recreationd  1971-  mentioned for Wahluke Slope
(Superseded) Wildlife Reserve 1999 above.
Hazardous
State of Waste
Section 1 Washington Disposa 1980 Disposed (Title Transfer)
Economic
3000 Area Port of Benton Development 1996  Disposed (Title Transfer)
Fitzner Eberhardt U.S. Fishand Permitted with same controlsas
Arid LandsEcology ~ Wildlife Wildlife mentioned for Wahluke Slope
Reserve (ALE) ® Service Resarve 1998  above.
Laser Interferometer  The National
Gravitational Wave  Science
Observatory (LIGO) Foundation Research 1998 Permitted
Economic
1100 Area Port of Benton Development 1998  Disposed (TitleTransfer)
U.S. Fishand Permitted with same controlsas
Wahluke Slope ® Wildlife Wildlife mentioned for Wahluke Slope
(Remainder/all) Service Refuge 1999 above.

(d) Does not include release of lands within the Richland City, lease of the City itself, leased facilitieson
the Hanford Site, or lands released before 1964.
(b) Included in Hanford Reach National M onument, established June 9,2000 (65 FR 37253).
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4.6.13 Visual Resources

With the exception of Rattlesnake Mountain, theland near the Hanford Site is generaly flat with little
relief. Rattlesnake Mountain, rising to 1060 m (3477 ft) above mean sealevel formsthe western
boundary of the Hanford Site, and Gable Mountain and Gable Butte are the highest landformswithin the
Site (Figure 4.6-4). The view toward Rattlesnake Mountainis visualy pleasing, especialy in the
springtime when wildflowersarein bloom. Largerolling hills are located to the west and far north. The
Columbia River, flowing across the northern part of the Hanford Site and forming the eastern boundary, is
generally considered scenic, with its contrasting blue against a background of brown basaltic rocks and
sagebrush. The White Bluffs, steep whitish-brown bluffs adjacent to the Columbia River and above the
northern boundary of theriver in thisregion, are astrong feature of the landscape.

Traditional Native American religionis manifest in the earth, water, sky, and all animate or inanimate
beings that inhabit a given location. The National Historic Preservation Act (16 USC 470, et seq.), the
Native American Graves Protection and Repatriation Act (25 USC 3001, et seq.), the Archaeological
Resources Protection Act (16 USC 470aa, et seq.), and DOE's American Indian Policy (DOE 1992b),
among other legidation and guidelines, al require the identification and protection of areas and resources
of concern to Native Americans.

The acquisition of spiritual guidance and assistancethrough persona vision questsis deeply rooted in
the religious practices of the indigenous people of the ColumbiaBasin. High spots were selected because
they afforded extensiveviews of the natura landscape and seclusion for quiet meditation.
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Visible surface area

Figure4.6-4. Viewshed from Gable Mountain on the Hanford Site, Washington (modified from DOE
1999a)
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4.7 Noise
T. M. Poston

Noiseistechnically defined as sound wavesthat are unwanted and perceived as a nuisance by
humans. Sound waves are characterized by frequency, measured in Hertz (Hz), and sound pressure
expressed as decibels (dB). Humans have a perceptible hearing range of 31 to 20,000 Hz. Thedecibel is
avaueegual to 10 timesthe logarithm of the ratio of asound pressure squared to a standard reference
sound-pressurelevel (20 micropascals) squared. The threshold of audibility rangesfrom about 60 dB at a
frequency of 31 Hz to lessthan about 1 dB between 900 and 8000 Hz. (For regulatory purposes, noise
levelsfor perceptible frequenciesare weighted to provide an A-weighted sound level [dBA] that
correlateshighly with individual community response to noise.) Sound levels outside the range of human
hearing are not considered noisein aregulatory sense, even though wildlife may hear at these frequencies.

Noise levelsare often reported as the equivalent sound level (L,). Thel, isexpressedin dBA over a
specified period of time, usualy 1 or 24 hr. TheL,, isthe equivalent steady sound level that, if
continuousduring a specified time period, would contain the same total energy as the actual time-varying
sound over the monitored or modeled time period.

4,71  Background Information

Studiesof the propagation of noise at Hanford have been concerned primarily with occupational noise
a work sites. Environmental noise levels have not been extensively evaluated because of the remoteness
of most Hanford activitiesand isolation from receptors that are covered by federa or state statutes. This
discussion focuses on what few environmenta noise dataare available. The magjority of available
information consistsof model predictions, which in many cases have not been verified because the
predictionsindicate that the potential to violatefederal or state standardsis remote or unrealistic.

4.7.2 Environmental Noise Regulations

The Noise Control Act of 1972 and its subsequent amendments (Quiet CommunitiesAct of 1978 and
40 CFR 201-211) direct the regulation of environmental noiseto the state. The State of Washington has
adopted Revised Code of Washington (RCW) 70.107, which authorizesEcology to implement rules
consistent with federal noise control legidation. RCW 70.107 and the implementing regulations
embodied in WAC 173-60 through 173-70 definethe regulation of environmental noise levels.
Maximum noise levelsare defined for the zoning of the areain accord with environmenta designation for
noise abatement (EDNA). The Hanford Siteisclassifiedas aClass C EDNA on the basis of industria
activities. Unoccupied areas are also classified as Class C areas by default becausethey are neither Class
A (residential) nor Class B (commercia). Maximum noiselevels are established based on the EDNA
classification of the recelving areaand the sourcearea (Table 4.7-1).
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Table4.7-1. Applicable State Noise Limitations for the Hanford Site, Washington, Based on Source
and Receptor EDNA Designation

Receptor
SourceHanford CI-aSSA CIaSSB- Classc
Site Residential Commercial Industrial
(dBA) (dBA) (dBA)
ClassC - Day 60 65 70
Night 50 - -

47.3 Hanford SiteSound Levels

Most industrial facilities on the Hanford Site are located far enough away from the Site boundary that
noise levels at the boundary are not measurable or are barely distinguishable from background noise
levels. Modeling of environmental noises has been performed for commercial reactors and SR 240
through the Hanford Site. These data are not concerned with background levels of noise and are not
reviewed here. There have been two studies measuring environmental noise at Hanford: in 1981 during
site characterization for the Skagit/Hanford Nuclear Power Plant Site (NRC 1982); and when the Hanford
Site was considered for a geologic waste repository (Basalt Waste Isolation Project) for spent commercial
nuclear fuel and other high-level nuclear waste. Hanford Site characterization studies performed in 1987
included measurement of background environmental noise levelsat five locations. Additionally, certain
activities such as well drilling and sampling have the potential for producing noisein the field apart from
major permanent facilities.

4.7.3.1 Skagit/Hanford Data

Pre-construction measurements of environmental noise were taken in June, 1981 on the Hanford Site
during site characterization for the Skagit/Hanford Nuclear Power Plant (NRC 1982). Fifteen sites were
monitored, and noise levelsranged from 30t0 60.5 dBA (L,). The valuesfor isolated areas ranged from
30t0 38.8dBA. Measurements taken around the sites where Energy Northwest was constructing nuclear
power plants (WNP-1, WNP-2 (now the Columbia Generating Station), and WNP-4) ranged from 50.6 to
64 dBA. Measurements taken along the Columbia River near the intake structures for the Columbia
Generating Station were 47.7 and 52.1 dBA compared with more remote river noise levels of 45.9 dBA
(measured about 4.8 km [3 mi] upstream of the intake structures). Community noise levelsin North
Richland (Horn Rapids Road and SR 240) were 60.5 dBA.

4.7.3.2 Basalt Wastelsolation Project (BWIP) Data

Background noise levels were determined at five locations within the Hanford Site (Figure4.7-1).
Noise levels are expressed as L., for 24 hr (L, ;). Sample location, date, and L., are listed in Table4.7-
2. Wind wasidentified as the primary contributor to background noise levels, with winds exceeding 19
km/hr (12 mi/hr) significantly affecting noise levels. Background noise levels in undevel oped areas at
Hanford can best be described asa mean L.,.»4 of 2410 36 dBA. Periods of high wind, which normally
occur in the spring, would elevate background noise levels.
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Figure4.7-1. Location of Background Noise Measurements, Hanford Site, Washington (Refer to
Table4.7-2 for legend)
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Table4.7-2. Background Noise Levels Measured at |solated Areas on the Hanford Site,

Washington
| L ocation |
Site Section Range  Township Date Leg24 (dBA)
1 9 R25E TI12N 07-10-87 417
07-11-87 40.7
07-12-87 36.0
07-13-87 37.2
07-14-87 35.6
2 26 R25E T13N 07-25-87 439
07-26-87 38.8
07-27-87 43.8
07-28-87 37.7
07-29-87 432
3 18 R26E T12N 08-08-87 39.0
08-09-87 354
08-10-87 51.4®
08-11-87 56.7%
08-12-87 36.0
4 34 R27E T1IN 09-09-87 35.2
09-10-87 34.8
09-11-87 36.0
09-12-87 332
09-13-87 37.3
5 14 R28E TIIN 10-15-87 40.8
10-16-87 36.8
10-17-87 337
10-18-87 31.3
10-19-87 359
(8 L., includesroad grader noise.

4733 New Production Reactor (NPR) EIS

Baseline noi se estimates were determined for two locations: SR 24, leading from the Hanford Site
west to Yakima, and SR 240, south of the Hanford Site and west of Richland whereit handles maximum
traffic volume (DOE 1991). Traffic volumes were predicted based on an operational work forceand a
construction work force. Both peak (rush hour) and off-peak hours were modeled. Noiselevelswere
expressedin L., for 1-hr periodsin dBA at areceptor located 15 m (49 ft) from the road edge (Table4.7-
3). Adverse community responses would not be expected at increases of 5 dBA over background noise
levels.
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Table 4.7-3. Modeled Noise Resulting from Automobile Traffic at Hanford, Washington, with the New
Production Reactor Environmental Impact Statement (DOE 1991) ©

Traffic flow Noiselevels
(Vehicles/hr) (Leg-1 hr in dBA)
Location® Scenario Basdine Modded | Maximum
Noise Noise Increase
Basdine Maximum® | Levels  Levels" (dBA)
Construction
Phase
SR 24 Off- 91 91 62.0 62.0 0.0
Peak 91 343 62.0
Peak
SR 240 Off- 571 579 70.2 70.6 0.4
Peak 571 2839 70.2 735 3.3
Peak
Operation Phase
SR 24 Off- a1 91 62.0 62.0 0.0
Peak 300 386 65.7 66.2 15
Peak
SR 240 Off- 571 582 70.2 70.5 0.3
Peak 2239 3009 74.1 74.7 0.6
Peak
(@) Measured 15 m (49 ft) from the road edge.
(b) R 24leadsto Yakima R 240 leadsto the Tri-Citiesarea
(c) Traffic flow and noise estimates varied with NPR technol ogy; the maximum impacts from three NPR
techniques are shown here.

4734 Noise Levelsof Hanford Field Activities

In the interest of protecting Hanford workers and complying with Occupational Safety and Health
Administration (OSHA) standards for noisein the workplace, the Hanford Environmental Health
Foundation (HEHF) has monitored noise levels resulting from severa routine operations performed at
Hanford. Occupational sources of noise propagated in thefield have been summarized in Table4.7-4.
Theselevelsare reported here because operations such as well sampling are conducted in thefield away
from established industrial areas and have the potentia for disturbing sensitive wildlife.



Table4.7-4. Monitored Levels of Noise Propagated from Outdoor Activities at the Hanford Site,

Washington ®
Average
Noise Maximum Year

Activity Leve Noise Leve Measured Distance
Water wagon operation® 104.5 111.9 1984 On staff member
Well sampling® 74.8-78.2 1987 On staff member
Truck® 78-83 1989 On staff member
Compressor® 88-90 0.3 m(1 ft) from truck
Generator® 93-95 0.3 m (1 ft) from truck
Well drilling, Well 32-2® 98- 102 102 1987 23 m (75ft)
Well drilling, Well 32-3@ 105-11 120- 125 1987 15 m (49ft)
Well drilling, Well 33-29® 89-901 1987 15 m (49 ft)
Piledriver® 118-119 1981 1.5 m(5ft)
Tank farm filter building® 86 1976 9.0 m (30ft)
(8) Noiselevels measured in A weighted dB (dBA).
(b) Noiselevels measured in decibels (dB).

4.8 Occupational Safety

J.P. Duncan

Total occupational work hours at the Hanford Sitefor the 5-year period, 1998-2002, were 128,989,314
hours, or about 64,495 worker-years (DOE 2003b). The DOE records occupationa injuries and illnesses
in four categories pertinent to NEPA analysis. Total Recordable Cases (TRC) are work-related deaths,
illnesses, or injuries resulting in loss of consciousness, restriction of work or motion, transfer to another
job, or required medical treatment beyond first aid. Lost Workday Cases (LWC) represent the number
cases recorded resulting in days away from work or days of restricted work activity, or both, for affected
employees. Lost Workdays (LWD) are the total number of workdays (consecutive or not), after the day
of injury or onset of illness, during which employees were away from work or limited to restricted work
activity because of an occupational injury or illness. Fatalities are the number of occupationally related
deaths. Information on occupational safety used in this section is updated quarterly and is available at
URL: http://tis.eh.doe.gov/cairs.

Occupational injury and illness incidence rates for the Hanford Site Office of River Protection showed
a steady decrease from 1998 through 2001 (Figure4.8-1). Rates ranged from 3.1 cases per 200,000
worker hours (100 worker years) in 1998 to 1.7 cases during 2001. Due to recordkeeping requirement
changes 2002 data is not directly comparableto previous years (DOE 2003b). Datafor 2002 indicate the
occupational injury and illnessincidence rate for the Office of Rover Protection was 1.5 cases per
200,000 worker hours.
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Figure4.8-1. Occupationa Injury and Iliness Total Recordable Case Rates a the Hanford Site,
Washington, Compared to the DOE Complex and Private Industry (Note: Dueto
recordkeeping requirement changes, 2002 datais not comparableto prior years)
(DOE 2003b).

Occupational injury and illnessincidence ratesfor Richland Operations declined from 2.6 cases per
200,000 worker hours during 1998 to 2.0 casesin 2000, increasing slightly during 2001 to 2.1 cases.
Ratesfor 2002, which are not comparableto previous years, were 1.7 cases per 200,000 worker hours
(DOE 2003b).

Occupational injury and illness incidence ratesfor DOE al so demonstrate annual decreases, ranging
from 3.2 cases per 200,000 worker hoursduring 1998 to 2.4 casesin 2001. Datafor 2002, not
comparable to previous years, was 2.1 cases per 200,000 worker hours (DOE 2003b).

Over the 5-yr period from 1998 to 2002 rates on the Hanford Site averaged 2.2 cases per 200,000
worker hours, whereasthe incidencerate for the entire DOE complex averaged dightly higher, at 2.6
cases per 200,000 worker hours (DOE 2003b). Both the Hanford Site and DOE-wide average TRC rates
were well below the Bureau of Labor Statistics (BLS) ratesfor U.S. privateindustry of 6.2 cases per
200,000 worker hours during the same period (BL S 2003).

Table4.8-1 shows occupational injury and illnessrates, as well asfatality counts reported for the
private sector by the BLS (Department of Labor), and throughout the DOE complex, including DOE’s
Richland Operationsand Office of River Protection. During the 5-yr period from 1998-2002, Hanford
Site TRC and LWC rates were somewhat lower than those for DOE, whereasthe private sector was
consistently higher. Average LWD ratesfor Richland Operationsfor the 1998 to 2002 period were higher
than Hanford's Office of River Protection and the entire DOE complex. There were no fatalitiesat the
Hanford Site during the 1998 to 2002 period (DOE 2003b).



Table4.8-1. Occupational Injury and llInessIncidence Rates, and Fatality Countsfor Department of
Energy Facilitiesand Private Industry. ® (Note: Due to recordkeeping requirement
changes, 2002 datais not comparable to prior years) (DOE 2003b).

Total Recordable Cases

Lost Work Cases

Lost Work Days

Fatalities

1998 1999 2000 2001 2002

1998 1999 2000 2001 2002

1998 1999 20002001 2002

1998 1999 2000 2001 2002

Bureau of Labor
Statistics

1998-2001
Average

6.7 63 6.1 5.7 N/A

6.2

31 30 3.0 28 N/A

3.0

N/A N/A N/A N/A N/A

6055 6054 5920 5900 N/A

5982

U.S. Department
of Energy

1998-2002
Average

32 27 25 24 21

2.6

1.5 1.2 1.1 1.0 09

1.1

43.4 45.0 36.0 27.4 31.0

36.6

1.4

DOE Office of
River Protection
(DOE-ORP),
Hanford Site
1998-2002
Average

31 26 26 1.7 15

2.3

14 1.1 1.1 04 15

1.1

32.8 66.9 51.5 95 15.5

35.2

DOE Richland
Operations
Office
(DOE/RL),
Hanford Site

1998-2002
Average

26 23 20 21 1.7

2.1

1.1 1.0 08 07 09

0.9

56.8 50.4 27.8 26.0 32.7

38.7

(a) Per 200,000 worker hours (100 worker-years)

4.8.1 Occupational Radiation Exposureat the Hanford Site

DOE’s Office of Safety and Health reports occupational radiation exposure datafor all monitored
DOE employees, contractors, subcontractors, and membersof the public associated with DOE facilities.
The total number monitored for the 5-yr period, 1997-2001, at the Hanford Site was 53,888 individuals.
Waste processing and management facility employees monitoredfor the same period was 7404, or
approximately 14 percent of the site workforce (DOE 2003c¢).

DOE has established dose limitsin order to control radiation exposures. A DOE Administrative
Control Level (ACL) of 2000 mrem per year per person is established for all DOE activities. Total
Effective Dose Equivaent (TEDE) isthe sum of the dose from radiation sourcesinternal and external to
the body, reported in unitsof rem or mrem. The TEDE regulatory limit is 5000 mrem per year. There
were no individual worker dosesin excess of the 2000 mrem per year ACL or the 5000 mrem per year
TEDE regulatory limit doses at the Hanford Site during the period 1997-2001 (DOE 2003c).
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Measurabledoseis used to report the dose for individualswhose TEDE reading is greater than zero.
Nineteen percent of the total monitored Hanford Site employeesand 27 percent of the waste processing
and management facility employeeshad measurable dose during the 1997-2001 period. Figure4.8-2
illustrates the average Hanford Site occupational dose (mredyr). The average occupational dosefor al
monitored waste processingand management facility employeesdecreased from 40 to 14 mrem/yr for the
period 1999 to 2001, adecline of 65 percent. The averagedosefor al monitored Hanford workersfor the
same time period generally increased (from 16 mredyr during 1999 to 20 mrem/yr in 2001) (DOE
2003c).

Collectivedose, an indicator of the overall radiation exposure, isthe sum of the dose received by all
individualswith measurable dose and is measured in units of person-rem. (For example, adose of 1 rem
to 10 people would result in acollective dose of 10 person-rem.) Figure 4.8-3 showsthe collective
operational dose (person-redyr) at Hanford for the years 1997-2001.

The collective dose at the Hanford Site has decreased for the waste processingand management
facility employeesfrom 64 to 17 person-rem/yr for the period 1999 to 2001, a 73 percent decline. The
collectivedose for al workersfor the sametime period increased.

Table 4.8-2 showsthe radiation exposuredatafor the Hanford Site (DOE 2003c). For the period
1997-2001, the total number of individualsmonitored has generally decreased, while the number of
individuals with measurabledose hasincreased. The 5-yr average occupational dose for workers with
measurabledose was similar for al Hanford workers (103 mredyr) and waste management facility
workers (107 mrem/year), well below the established ACL of 2000 mredyr.
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Table4.82 Radiation Exposure Datafor the Hanford Site, Washington, 1997-2001 (DOE 2003c¢)

Total Collective Dose Average Dose to
Number (TEDE) Workers (mrem)
Total with Percent
Number | Meas. |with Dose| (person- | (Person- All All with
Year Monitored [ Dose >0 rem/yr) | mrem/yr) | Monitored | Dose >0
Hanford Site
2001 10,485 2,218 21% 214 213,628 20 96
2000 10,048 1,923 19% 219 219,032 22 114
1999 11,310 2,013 18% 182 182,000 16 90
1998 10,441 1,772 17% 181 180,927 17 102
1997 11,604 2,058 18% 235 235,355 20 114
Cumulative
Totals
1997-2001 53,888 9,984 19% 1031 1,030,942 19 103
Waste Processing/Management Facility
2001 1,216 294 24% 17 17,277 14 59
2000 938 234 25% 27 26,722 28 114
1999 1,598 479 30% 64 64,258 40 134
1998 1,609 419 26% 52 51,728 32 123
1997 2,043 538 26% 50 50,033 24 93
Cumulative
Totals
1997-2001 7,404 1,964 27% 210 210,018 28 107
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APPENDIX A
Hanford Site SpeciesLists
This appendix contains five tables that list speciesof vascular plants, mammals, birds, reptiles and
amphibians, and fish that have been sighted on the Hanford Site. Thelistsarefor those species

likely to be encountered on the site and are not intended to represent a completelisting of al
species. When appropriate, more comprehensivelistingshave been identified.
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TableA-1. Common Vascular Plants on the Hanford Site, Washington (Taxonomy follows Hitchcock
and Cronquist 1973). See Sackschewsky and Downs (2001) for acompletelisting of Hanford
Site vascular plants

A. Shrub-SteppeSpecies

Scientific Name

Shrub
big sagebrush
bitterbrush
gray rabbitbrush
green rabbitbrush
snow buckwheat
spiny hopsage
threetip sagebrush

Perennial Grasses
bluebunch wheatgrass
bottlebrush squirreltail
crested whesatgrass
Indian ricegrass
needle-and-thread grass
prairie junegrass
sand dropseed
sandberg' s bluegrass
thickspike wheatgrass

Biennial/Perennial For bs
bastard toad flax
buckwheat milkvetch
carey's balsamroot
Cusick's sunflower
Cutleaf ladysfoot mustard
Douglas clusterlily
dune scurfpea
Franklin's sandwort
Gray's desertparsley
hoary aster
hoary falseyarrow
longleaf phlox
Munro's globemallow
pale eveningprimrose
rough wallflower
sand beardtongue

Artemisiatridentata
Purshia tridentata
Chrysothamnus nauseosus
Chrysothamnusviscidiflorus
Eriogonumniveum

Grayia (Atriplex) spinosa
Artemisiatripartita

Agropyron spicatum
Sitanion hystrix

Agropyron desertorum (cristatum) ®

Oryzopsis hymenoides
Stipa comata

Koeleria cristata
Spooroboluscryptandrus
Poa sandbergii (secunda)
Agropyron dasytachyum

Comandra umbellata
Astragalus caricinus
Balsamorhiza careyana
Helianthus cusickii
Thelypodiumlaciniatum
Brodiaea douglasii
Psoralea lanceolata
Arenaria franklinii
Lomatium grayi
Machaer antheracanescens
Chaenactisdouglasii
Phlox longifolia
Sphaeral cea munroana
Oenothera pallida
Erysimum asperum
Penstermon acuminatus




A. Shrub-SteppeSpecies(cont'd.)

Scientific Name

slender hawksbeard
stalked-pod milkvetch
threadleaf fleabane
turpentine spring parsliey
winged dock

yarrow

yellow bell

yellow salsify

Annual Forbs
annual Jacob's ladder
blue mustard
bur ragweed
clasping pepperweed
Indian wheat
lagged chickweed
Jim Hill's tumblemustard
matted cryptantha
pink microsteris
prickly lettuce
Russian thistle (tumbleweed)
spring whitlowgrass
storkshill
tall willowherb
tarweed fiddleneck
threadleaf scorpion weed
Western tansymustard
white cupseed
whitestem stickl eaf
winged cryptantha

Annual Grasses
cheatgrass
dender sixweeks
small sixweeks

Crepisatrabarba
Astragalus sclerocarpus
Erigeron filifolius
Cymopteris terebinthinus
Rumex venosus

Achillea millefolium
Fritillaria pudica
Tragopogon dubius®

Polemonium micranthum
Chorispora tenella®
Ambrosia acanthicarpa
Lepidium perfoliatum
Plantago patagonica
Hol osteum umbellatum™®
Ssymbrium altissimum™
Cryptantha circumscissa
Microsteris gracilis
Lactuca serriola™
Salsola kali®

Draba verna®

Erodium cicutarium™
Epilobium paniculatum
Amsinckia lycopsoides
Phacelia linearis
Descurainia pinnata
Plectritismacrocera
Menizelia albicaulis
Cryptantha pterocarya

Bromus tectorum®™

Festuca octoflora
Festuca microstachys

IB. Riparian Species

Scientific Name

Trees and Shrubs
black cottonwood
black locust
coyote willow
peach, apricot, cherry
peachleaf willow

Populus trichocarpa
Robinia pseudo-acacia
Salix exigua

Prunus spp.

Salix amygdaloides™




Treesand Shrubs (cont'd)

willow Salix spp.
white mulberry Morus alba®

Perennial Grassesand Forbs
bentgrass Agrostisspp. ®
blanket flower Gaillardiaaristata
bulrushes Scirpusspp.”
cattail Typha latifolia®
Columbia River gumweed Grindelia columbiana
dogbane Apocynum cannabinum
hairy golden aster Heterotheca villosa
heartweed Polygonum persicaria
horsetails Equisetumspp.
horseweed tickseed Coreopsisatkinsoniana
lovegrass Eragrostisspp.
lupine Lupinus spp.
meadow foxtail Alopecurusaequalis ®
Pacific sage Artemisia campestris
prairie sagebrush Artemisialudoviciana
reed canary grass Phalarisarundinacea™”
rushes Juncus spp.
Russian knapweed Centaurea repens®
sedge Carex spp.”
water speedwell Veronica anagallis-aquatica
western goldenrod Solidago occidentalis
wild onion Allium spp.
wiregrass spikerush Eleocharisspp.®

C. Aquatic Vascular Species

Scientific Name

Canadian waterweed

Elodea canadensis

duckweed Lernna minor

pondweed Potamogeton spp.

spiked water milfoil Myriophyllurn spicatum

watercress Rorippa nasturtium-aguaticum
@ Introduced

® Perennial grassesand grarninoids.
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Table A-2. Mammalsthat Have Been Observed on the Hanford Site, Washington

Species ScientificName
badger Taxidea taxus
beaver Castor canadensis
big brown bat Eptesicusfuscus
black-tailed jackrabbit Lepus californicus
bobcat LynX rufus

bushytail woodrat
California myotis

coyote

deer mouse

elk

Great Basin pocket mouse
hoary bat

house mouse

least chipmunk

little brown myotis
long-legged myotis
longtail weasel

meadow vole

merriam shrew

mink

mountain cottontail
mountain lion

mule deer

muskrat

northern grasshopper mouse
northern pocket gopher
pallid bat

porcupine

raccoon

river otter

sagebrush vole

shorttail weasel
silver-haired bat
small-footed myotis
striped skunk

townsend ground squirrel
vagrant shrew
Washington ground squirrel
western harvest mouse
western pipistrel
white-tailed deer
white-tailed jackrabbit
yellowbelly marmot
yumamyotis

Neotoma cinerea

Myotis californicus
Canis latrans
Peromyscus maniculatus
Cervus elaphus
Perognathusparvus
Lasiurus cinereus

Mus musculus

Eutamius minimus
Myotis lucifugus
Myotisvolans

Mustela frenata ~
Microtus pennsylvanicus
Sorex merriami

Mustela vison

Sylvilagus nutalli

Felis concolor
Odocoileus hemionus
Ondatra zibethica
Onychomys|leucogaster
Thomomys talpoides
Antrozous pallidus
Erithizon dorsatum
Procyon lotor

Lutra canadensis
Lagurus curtatus
Mustela erminea
Lasionycterisoctivagans
Myotis subulatus
Mephitismephitis
Citellus townsendi

Sorex vagrans

Citellus washingtoni
Riethrodontonomysmegalotis
Pipistrellus hesperus
Odocoileus virginianus
Lepus townsendi
Marmota flaviventris
Myotis yumanensis




Table A-3. Common Bird Species Known to Occur on the Hanford Site, Washington (Fitzner
and Gray 1991, Landeen et al. 1992, Duberstein 1997). Season Code: Yr=all
year, W = winter, B = Breeding, M = Migration

Season of
highest
Common Name Scientific Name abundance
Gaviiformes- L oonsor divers
common loon Gaviairnrner Yr
Podicipediformes- Grebes
eared grebe Podicepsnigricollis w
homed grebe Podicepsauritus w
pied-billed grebe Podilyrnbus podiceps Yr
western grebe Aechmophorusoccidentalis W
Pelecaniformes- Pelicansand allies
American white pelican Pelecanuserythrorhynchos Yr
double-crested cormorant Phalacrocoraxauritus Yr
|_Anseriformes- Waterfowl
American green-winged tea Anas crecca Yr
American wigeon Anas arnericana w
Barrow's goldeneye Bucephalaislandica w
blue-winged teal Anas discors B
bufflehead Bucephala albeola w
cinnamon teal Anas cyanoptera B
Canada goose Branta canadensis Yr
common goldeneye Bucephala clangula w
common merganser Mergus merganser Yr
gadwall Anas strepera Yr
hooded merganser Lophodytes cucullatus W
mallard Anas platyrhynchos Yr
northern pintail Anas acuta Yr
northern shoveler Anas clypeata Yr
redhead Aythya arnericana w
ruddy duck Oxyura jarnaicenss Yr
Gruiformes- Cranes, rails, and allies
American coot Fulica americana Yr
sora Porzana carolina B
Virginiarail Rallus limicola B
Charadriiformes- Shorebirdsand
allies
Californiagull Larus californicus Yr
Forster's tern Serna forsteri B
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TableA-3 (cont'd)

Season of
Highest

Common Name ScientificName Abundance
Charadriiformes- Shorebirdsand
allies(cont’d)
American avocet Recuwirostra americana B
black-crowned night-heron Nycticorax nycticorax B
Caspian tern Serna caspia B
common snipe Gallinago gallinago B
dunlin Calidrisalpinis M
glaucous-winged gull Larus glaucescens Yr
great blue heron Ardea herodias Yr
great egret Casrnerodiusalbus B
greater yellowlegs Tringa rnelanoleuca M
herring gull Larus argentatus w
killdeer Charadrius viociferus B
lesser yellowlegs Tringa flavipes M
long-billed curlew Numenius americanus B
long-billed dowitcher Lirnnodromus scol opaceus M
red-necked phalarope Phalaropuslobatus M
ring-billed gull Larus delawarensis Yr
sandhill crane Grus canadensis M
spotted sandpiper Actitis macularia B
solitary sandpiper Tringa solitaria M
western sandpiper Calidris mauri M
Galliformes- Chicken-likebirds
Cdliforniaquail Callipepla californica Yr
chukar Alectoris chukar Yr
grey partridge Perdix perdix Yr
ring-necked pheasant Phasianus colchicus Yr
Falconiformes- Diurnal birds of prey
American kestrel Falco sparverius Yr
bald eagle Haliaeetusleucocephalus w
Cooper's hawk Accipiter cooperii w
ferruginous hawk Buteo regalis B
golden eagle Aquila chrysaetos Yr
merlin Falco columbarius M
northern harrier Circus cyaneus Yr
northern rough-legged hawk Buteo lagopus W
osprey Pandion haliaetus B
prairiefalcon Falco mexicanus Yr
red-tailed hawk Buteo jarnaicenss Yr
sharp-shinned hawk Accipiter striatus w
Swainson'shawk Buteo swainsoni B




Table A-3 (cont'd)

Season of
Highest

Common Name ScientificName Abundance
Strigiformes - Owls
burrowing owl Athene cunicularia B
common barn-owl Tyto alba Yr
great horned owl Bubo virginianus Yr
long-eared owl Asio otus Yr
short-eared owl Asio flammeus Yr |
Coraciiformes- Rollersand allies
belted kingfisher Cerle alcyon Yr -
Columbifor mes- Pigeons
mourning dove Zenaida macroura Yr
rock dove Columba livia Yr J
Caprimulgiformes- Nightjars and
allies
common nighthawk Chordeiles minor B
common poorwill Pahalaenoptilusnuttallii B i
Apodiformes- Humminabirds. swifts
rufous hummingbird Slasphorus rufus M i
Piciformes- Woodpeckers and allies
Northern flicker Colaptes auratus Yr i
Passerifor mes- Perching birds
American crow Corvus brachyrhynchos Yr
American goldfinch Carduelistristis Yr
American robin Turdus migratorius Yr
bank swallow Riparia riparia B
barn swallow Hirundo rustica B
Bewick's wren Thryomanes bewickii B
black-billed magpie Pica pica Yr
black-headed grosbesk Pheucticusmelanocephal us B
Brewer's blackbird Euphagus cyanocephalus B
Brewer's sparrow Spizella breweri B
brown-headed cowbird Molothrusater B
Bullock's oriole Icterus galbula B
canyon wren Cather pes mexicanus B
cedar waxwing Bombycilla cedrorum M
chipping sparrow Sizella passerina M
cliff swallow Hirundo pyrrhonota B
common raven Corvus corax Yr
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Table A-3 (cont'd)

Season of
Highest

Common Name Scientific Name Abundance
Passeriformes - Per ching birds
(cont’d)
dark-eyed junco Junco hyemalis Yr
Eastern kingbird Tyrannus tyrannus B
European starling Sturnus vulgaris Yr
golden-crowned kinglet Regulus satrapa M
golden-crowned sparrow Zonotrichia atricapilla M
grasshopper sparrow Ammodramus savannarum B
Hammond'sflycatcher Empidonax hammondii M
homed lark Eremophila alpestris Yr
house finch Carpodacus mexicanus Yr
house sparrow Passer domesticus
house wren Troglodytes aedon
lark sparrow Chondestes grammacus
lazuli bunting Passerinaamoena

Lincoln's sparrow
loggerhead shrike
MacGillivray's warbler
marsh wren

Nashville warbler
Northern rough-winged swallow
orange-crowned warbler
Pacific-slopeflycatcher
red-breasted nuthatch
red-winged blackbird
rock wren

rosy finch
ruby-crowned kinglet
rufous-sided towhee
sage sparrow

sage thrasher

Savannah sparrow
Say's phoebe

solitary vireo

song sparrow
Townsend's solitaire
Townsend's warbler
tree swallow

varied thrush

vesper sparrow
violet-green swallow
warbling vireo

western kingbird
western meadowlark

Melospiza lincolnii
Lanius ludovicianus
Oporornistolmiel
Cistothorus palustris
Vermivora ruficapilla
Selgidopteryx serripennis
Vermivora celata
Empidonax difficilis
Stta canadensis
Agelaius phoeniceus
Salpinctes obsoletus
Leucostictearctoa
Regulus calendula
Pipilo erythrophthalmus
Amphispiza belli
Oreoscoptes montanus
Passer culus sandwichensis
Sayornis saya

Vireo solitarius
Melospiza melodia
Myadestes townsendi
Dendroica townsendi
Tachycineta bicolor
Ixoreus naevius
Pooecetes gramineus
Tachycineta thalassina
Vireo gilvus

Tyrannus verticalis
Surnellaneglecta
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Table A-3 (cont'd)

Season of
Highest

Common Name Scientific Name Abundance
Passeriformes- Perchingbirds
(cont’d)
white-crowned sparrow Zonotrichia leucophrys w
western tanager Piranga ludoviciana M
western wood-pewee Contopus sordidulus M
Wilson's warbler Wilsonia pusilla M
winter wren Troglodytestroglodytes w
yellow-breasted chat Icteria virens B
yellow-rumped warbler Dendroica coronata M
yellow warbler Dendroica petechia M
yellow-headed blackbird Xanthocephal usxanthocephalus B




Table A-4. Reptiles and Amphibians Found on the Hanford Site, Washington

Common Name

Scientific Name

Reptiles
common garter snake

Great Basin gopher snake
night snake

northern sagebrush lizard
painted turtle

short-homed lizard
side-blotched lizard

striped whipsnake

Rocky Mountain rubber boa
western rattlesnake

western yellow-bellied racer

Thamnophissirtalis
Pituiphis melanoleucus
Hupsiglenatorguata
Sceloporus graciosus
Chrysemys picta
Phrynosoma douglassii
Uta stansburiana
Masticophistaeniatus
Charina bottae
Crotalus viridis
Coluber constrictor

Amphibians
bullfrog

Great Basin spadefoot
Pacific Treefrog
tiger Salamander
woodhouse toad

Rana catesbeiana
Scaphiopusintermontanus
Hyla regilla

Ambystoma tigrinum

Bufo woodhousel
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TableA-5. Fish Species in the Hanford Reach, Washington, Region of the Columbia River

Common Name

Scientific Name

American shad
black bullhead
black crappie
bluegill

bridgelip sucker
brown bullhead
burbot

carp

channel catfish
Chinook salmon
chiselmouth

coho salmon
cutthroat trout
Dolly Varden

|ake whitefish
largemouth bass
largescale sucker
leopard dace
longnose dace
mottled sculpin
mountain sucker
mountain whitefish
northern pikeminnow (aka squawfish)
Pacific lamprey
peamouth

Paiute sculpin
prickley sculpin
pumpkinseed
rainbow trout (steelhead)
redside shiner
reticulate sculpin
river lamprey
sandroller
smallmouth bass
sockeye salmon
speckled dace
tench

threespine stickleback
torrent sculpin

Alosa sapidissma
Ameiurus melas

Pomoxis nigromaculatus
Lepomis macrochirus
Catostomus columbianus
Ictalurus nebulosus

Lota lota

Cyprinus carpio

Ictalurus punctatus
Oncorhynchus tshawytscha
Acrocheilus alutaceus
Oncorhynchus kisutch
Oncorhynchus clarki
Salvelinus malma
Coregonus clupeaformis
Micropterus salmoides
Catostomus macrocheilus
Rhinichthys fal catus
Rhinichthys cataractae
Cottus bairdi

Catostomus platyrhynchus
Prosopium williamsoni
Ptychocheilus oregonensis
Entosphenus tridentatus
Mylocheilus caurinus
Cottus beldingi

Cottus asper

Lepomis gibbosus
Oncorhynchus mykiss
Richardsonius balteatus
Cortus perplexus
Lampetra ayresi
Percopsis transmontana
Micropterus dolomieui
Oncorhynchus nerka
Rhinichthys osculus
Tincatinca

Gasterosteus acul eatus
Cottus rotheus

walleye Stizostedion vitreum
white crappie Pomoxis annularis

white sturgeon Acipenser transmontanus
yellow perch Perca flavescens

yellow bullhead Ameiuruss natalis
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6.0 Statutory and Regulatory Requirements
P.L. Hendrickson

The Hanford Site isowned by the U.S. Government and is managed by the U.S. Department of
Energy (DOE). It isthe policy of the DOE to carry out itsoperations in compliance with al applicable
federal, state, and local laws and regulations, presidential executive orders, DOE directives, and treaty
rights. Environmental regulatory authority over the Hanford Siteis vested both in federal agencies,
primarily the U.S. Environmental Protection Agency (EPA), and in Washington State agencies, primarily
the Washington State Department of Ecology (Ecology) and the Washington State Department of Health
(DOH). In addition, the Benton Clean Air Authority (BCAA) has certain regulatory authority over
Hanford activities, including open burning, asbestos removal, and fugitive dust control. Significant
environmental laws, regulations, and other requirements are discussed in thischapter in the following
order:

Major federal environmental laws
Significant applicablefederal and state regulations

e Presidential executiveorders

e DOEdirectives

e Tresties, statutes, and policiesrelating to Indian Tribesof the Hanford region
Existing environmental permits covering activities at the Hanford Site.

Thereare a number of sources of information available concerning statutory and regulatory
requirementsas they relate to the National Environmental Policy Act (NEPA) process. Sourcesavailable
over the Internet include the following:

e Linksto Hanford NEPA documentsat: http:Nwww.hanford.gov/rllresource.asp

e DOE’s NEPA web site at: http://www.eh.doe.gov/nepa/

e Council on Environmenta Quality's (CEQ’s) web siteat: http://www.whitehouse.gov/ces/
EPA NEPA web siteat: http:Nepa.,0ov/compliance/nepalindex.html

The National Environmental Policy Act ComplianceGuide (DOE 1998) issued by the DOE Office of
Environment, Safety, and Health, containsuseful information including regulations, DOE and CEQ
guidance, and copiesdf relevant executiveorders, as well as other preparation assi stance documents such
as checklists.

(Thefollowing introduction [boxed text] isintended to be explanatory for personswriting the chapter
of a Hanford Site environmental impact statement [EIS] or environmental assessment [EA] covering
regulatory requirements, but is not intended to beincluded in the EIS or EA.) The material followingthe
boxed text can be adapted, as appropriate, for usein an EIS or EA at the discretion of the authors.
Additional specificity should be added to the materia to reflect the particular circumstances and facts that
arethe subject of the EISor EA. An EIS will normally contain more detail than an EA.
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I ntroduction

The CEQ regulationsin the Code of Federal Regulations (CFR) a 40 CFR 1500-1508 implement
NEPA and set forth requirementsfor the preparation of environmental documentation by federal
agenciesthat satisfiesNEPA. DOE has adopted the CEQ regulationsas part of its NEPA
implementing procedures (10 CFR 1021.103). The CEQ regulationsidentify the types of actions
proposed by afederal agency that require preparation of an EIS, prescribe the content of an EIS, and
identify actionsand other environmental reviews that must or should be undertaken by the federa
agency in preparing and circulatingan EIS. In general, an EIS must be prepared by a federal agency
for any major federal action significantly affecting thequality of the human environment (40 CFR
1502.3). Theregulationsalso state reasons why an agency may want to prepare an EA instead of an
EIS (40 CFR 1508.9).

A specific requirement in the CEQ regulations (40 CFR 1502.25) isthat the draft EIS must list "dl
federa permits, licenses, and other entitlements which must be obtained in implementingthe
proposal.” If it isuncertain whether afederal permit or licenseis needed, thedraft EISisto so
indicate. Thereis, however, no requirement in the CEQ regulationsor in the DOE NEPA
implementing procedures at 10 CFR Part 1021 that the EIS must list or discussapplicable
environmental lawsand regulations. Nevertheless, applicableenvironmental laws and regulations
(federal, state, and local) have been discussed in recent Hanford Site EISs and EAs in achapter usualy
captioned "* Statutory and Regulatory Requirements.” The discussion below assumes this chapteris
chapter 6 of the EIS or EA, but another chapter number is possible.

Chapter 6 of Hanford Site EISsand EAs should includethelist called for by 40 CFR 1502.25(b).
Thelist should also includesignificant permitsthat will be needed from federal, state, and local
government agencies. Chapter 6 should not normally include information on environmental impacts
associated with any of the requirements. For example, ExecutiveOrder (E.O.) 12962 requiresfederal
agenciesto evaluate the effects of their actions on aquatic systems and recreationa fisheries. Although
E.O. 12962 should be mentioned in Chapter 6 in appropriatecases, the actua impactsof the
alternativeson aquatic systems and recreational fisheries should be discussed in the Environmental
Conseguenceschapter (normally Chapter 5) of the EIS or EA and any recreational fisheriesaspects of
the affected environment should be discussed in the Affected Environment chapter (normally Chapter
4) of the EIS or EA. Chapter 6 can refer the reader to the portion of the EIS or EA wherethe
environmental impacts associated with a particular environmental requirement are discussed.

The purpose, then, of Chapter 6 in this document is to present a™* reference” that can be used as the
basisfor the preparation of future Hanford Site EISsand EAs. The intent isto present a reasonably
complete discussion of federal, state, and local environmental laws, regulations, and permit
requirementsthat are applicableto activitiesat the Hanford Site. The information in this chapter can
then be adapted to any future Hanford Site EIS/EA by deletingirrelevant partsand by adding some
specificity with respect to the proposed action and the alternativesbeing considered.

It should be noted that environmental standardsand permit requirements usually appear in
regulations and not in the laws themselves. Thus, more emphasisis placed on regulationsand lesson
lawsin thischapter.




Federal and State Environmental Laws

Federal law governsenvironmental regulation of federal facilities. Most mgjor federa
environmental laws now include provisionsfor regulation of federal activitiesthat impact the
environment. The activity to be regulated is usualy an activity being carried out by an agency of the
executive branch. Thefederal environmental law will also typically designate a specific agency, such
as EPA or the U.S. Nuclear Regulatory Commission (NRC), as the regulator. In addition, federa laws
may providefor the delegation of the environmental regulation of federal facilitiesto the states or may
directly authorizethe environmental regulation of federal facilitiesby the states through waivers of
sovereign immunity. At Hanford, al these situationsapply in varying degrees. EPA has regulatory
authority over Hanford facilitiesand has delegated regulatory authority to, shares regulatory authority
with, or isin the process of delegatingregulatory authority to the State of Washington. The State of
Washington also asserts its own independent regul atory authority over Hanford facilitiesunder federal
waiversaof sovereignimmunity and state legislation. Washington State Department of Ecology has
also delegated variousair compliance responsibilitiesto the BCAA.

Asalega matter at Hanford, applicablefederal and state environmental standards must be met.
As a practical matter, differencesin language between federal and state laws and regulations may result
in some differencesin applicability and interpretation. Guidance on specific applicability should be
obtained from the Office of Chief Counsdl of the DOE Richland Operations Office (DOE/RL) or the
Office of River Protection (DOE-ORP).

Citation of Lawsand Regulations

Lawsand regulationsmay be cited both by their common name and by their location in the
appropriate document. Federal laws are most often cited by their common name (e.g., Clean Water
Act [CWA]), by their public law (Pub. L. or PL) number, or by their location in the United States Code
(USC). Section numbers differ between laws as enacted and as codified in the USC, so it must be
understood which isbeing cited. Federa regulationsappear in the CFR. Washington State laws are
most often cited by their location in the Revised Code of Washington (RCW). Washington State
regulations are cited by their location in the Washington Administrative Code (WAC). Linksto the
RCW and WAC areavailable at http:/dc.leg..wag.ov/. Announcementsof proposed and final federal
regulations appear in the Federal Register (FR). Announcementsof proposed and fina Washington
State regulationsappear in the Washington State Register.

Specific Federal Laws Cited in the CEQ Regulations

Four federal laws are specifically cited in the CEQ regulations [40 CFR 1502.25(a) and 1504.1(b)]:

Section 309 of the Clean Air Act (CAA) (42 USC 7609)

Fish and Wildlife Coordination Act (16 USC 661 et seq.)
National Historic Preservation Act (NHPA) (16 USC 470 et seq.)
Endangered Species Act (ESA) (16 USC 1531 et seq.).
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Section 309 of the CAA directsEPA to review and comment in writing on the environmental
impacts of any matter relating to EPA’s authority contained in proposed legidation, federal
construction projects, other federal actions requiring EISs, and new regulations. In additionto
commenting on EISs, EPA rates every draft EIS prepared by afederal agency under its Section 309
authority. Ratingsare madefor the environmental impact of the proposed action and the adequacy of
theimpact statement. Rating categoriesfor environmental impact are: LO - lack of objections, EC -
environmental concerns, EO - environmental objections, and EU - environmentally unsatisfactory.
Rating categoriesfor adequacy are: Category 1 - adequate, Category 2 - insufficientinformation, and
Category 3 - inadequate. A summary of EPA rating definitionsis available at:
http://www.epa.gov/compliance/nepa/comments/ratings.html . Responsesto EPA's commentson a
draft EIS areincludedin thefinal EIS.

The CEQ regulations (40 CFR 1502.25[a]) direct federal agenciesto preparedraft EISs
concurrently with and integrated with environmental impact analyses and related surveysrequired by
the Fish and WildlifeCoordination Act, the NHPA, the ESA, and other environmental review laws and
executiveorders. The three preceding statutes should be cited in Chapter 6 of adraft EIS.
Environmental impacts associated with the laws should be discussed in Chapter 5.

6.1 Federal Environmental L aws

Significantfederal environmental laws applicableto the Hanford Site include thefollowing:
e AntiquitiesAct (1 6 USC 431 et sq.)
e American Indian ReligiousFreedom Act (42 USC 1996)
e Archaeological and Historic Preservation Act (16 USC 469 et seq.)
e Archaeological Resources Protection Act (ARPA) (16 USC 470aa et seq.)
e Bald and Golden Eagle Protection Act (16 USC 668 et seq.)
e Clean Air Act (CAA) (42 USC 7401 et seq.)

e Clean Water Act (CWA) (33 USC 1251 et seq.) (The CWA isalso known as the Federal Water
Pollution Control Act)

e Comprehensive Environmental Response, Compensation, and Liability Act (CERCLA) as amended
by the Superfund Amendmentsand Reauthorization Act (SARA) (42 USC 9601 et seq.)

e Emergency Planning and Community Right-To-Know Act (EPCRA) (42 USC 11001 et seq.)

e Endangered SpeciesAct (16 USC 1531 et seq.)



e Fishand Wildlife Coordination Act (16 USC 661 et seq.)

e Hanford Reach Act (PL 100-605), as amended by PL 104-333

e Hazardous Materials Transportation Act (49 USC 5101 et seq.)

e Migratory Bird Treaty Act (16 USC 703 et seq.)

e National Historic Preservation Act (NHPA) (16 USC 470 et seq.)

e Native American Graves Protection and Repatriation Act (25 USC 3001 et seq.)
e National Environmental Policy Act (NEPA) (42 USC 4321 et seq.)

e Noise Control Act (42 USC 4901 et seq.)

e Pollution Prevention Act (42 USC 13101 et seq.)

e Resource Conservation and Recovery Act (RCRA) of 1976 asamended by the Hazardous and Solid
Waste Amendments (42 USC 6901 et seq.) of 1984

e Safe Drinking Water Act (SDWA) (42 USC 300f et seq.)
e Toxic Substances Control Act (TSCA) (15 USC 2601 et seq.).

In addition, the Atomic Energy Act (AEA) (42 USC 2011 et seq.), the Low-Level Radioactive Waste
Policy Act (LLWPA) (42 USC 2021b et seq.), and the Nuclear Waste Policy Act (NWPA) (42 USC
10101 et seg.), while not environmental laws per se, contain provisions under which environmental
regulations applicable to the Hanford Site may be or have been promulgated. Brief descriptions of most
of the preceding statutes are in Section 6.1 of the Revised Draft Hanford Solid (Radioactiveand
Hazardous) Waste Program Environmental Impact Statement (DOE 2003).

6.2 Federal and State Environmental Regulations

Under the Supremacy Clause of the U.S. Consgtitution (Article VI, Clause 2), activities of the federal
government are ordinarily not subject to regulation by the states unless Congress creates specific
exceptions. Congress has created exceptions with respect to environmental regulation and provisionsin
several federal laws giving specific authority to the states to regulate federal activities affecting the
environment. These waivers (or partial waivers) of sovereign immunity appear in Section 118 of the
CAA, Section 313 of the CWA, Section 1447 of the SDWA, Section 6001 of RCRA, and Section 120 of
CERCLA/SARA. The Federal Facilities Compliance Act isan amendment to RCRA that makesthe
RCRA waiver of sovereign immunity more explicit. Many Washington State programs, with respect to
the environmental regulation of Hanford Site facilitiesunder the preceding statutes, are coordinated with
the U.S. Environmental Protection Agency (EPA) Region 10 office.

Federal and state environmental regulations that may apply to operations at the Hanford Site have

been promulgated under the CAA, CWA, SDWA, RCRA, CERCLA, SARA, AEA, LLWPA, NWPA,
under other federal statutes, and under relevant state statutes.
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Severa of the more important existing federal and state environmental regul ationsare discussed

briefly below. These regulationsare grouped according to environmental media.

6.2.1 Air Quality

Thefederal Clean Air Act and the Washington Clean Air Act (Revised Code of Washington [RCW]

70.94) provide the statutory basisfor air quality regulation of Hanford Site activities. Thefederal CAA
establishesafloor or minimum level of requirements. State requirementscan exceed, i.e., be more
stringent than, federal requirements.

40 Code of Federal Regulations(CFR) 50, **Nationa Primary and Secondary Ambient Air Quality
Standards.” EPA regulationsin 40 CFR 50 set national ambient air quality standardsfor sulfur
oxides, particulate matter, carbon monoxide, ozone, nitrogen dioxide, and lead. The standardsare not
directly enforceable, but other enforceable regulationsare based on the standards. Washington's
ambient air standardsare at Washington Administrative Code (WAC) 173-470 through 173-481 and
include standards for radionuclidesand fluorides. The Hanford Siteiswithin an areathatisin
attainment with or is unclassifiablefor al national ambient air quality standards (40 CFR 81.348).

40 CFR 51-52, State Implementation Plans (SIPs). EPA regulationsin 40 CFR 51-52 establish the
requirementsfor SIPs and record the approved plans. The SIPs are directed at the control of
emissionsfor which federal ambient air standardsexist. Information on the Washington SIP is
available at:

http:Nyosemite.epa.gov/rl O/airpage.nsf/ee8a9f190103579b882564610001b99¢/be3d 13447b9¢42c088
256516006b2c64?0OpenDocument.

40 CFR 60, " Standardsof Performancefor New Stationary Sources.” EPA regulationsin 40 CFR 60
provide standards for the control of theemission of pollutantsto the atmosphere. Constructionor
modification of an emissions sourcein an attainment area such as Hanford can require a prevention of
significant deterioration (PSD) of air quaity permit under 40 CFR 52.21 and WAC 173-400-141.

40 CFR 61, " National Emission Standardsfor Hazardous Air Pollutants,” (NESHAP); 40 CFR 63,
National Emission Standardsfor Hazardous Air Pollutantsfor Source Categories.” EPA hazardous
emission standardsin 40 CFR 61 providefor the control of theemission of hazardous pollutantsto
the atmosphere. Standardsin 40 CFR 61 Subpart H apply specifically to the emission of
radionuclidesfrom DOE facilities. Emissionsdf radionuclides (other than radon-220and radon-222)
to the ambient air from DOE facilitiesare not to exceed those amounts that would cause any member
o the publicto receivein any year an effectivedose equivalent of 10 mrem/yr (0.1 mSv/yr) (40 CFR
61.92). Standardsin 40 CFR 61 Subpart Q apply to the emission of radon from DOE facilities. No
source a a DOE facility isto emit morethan 20 picocuries per square meter per second (pCi/(m*-
sec)) (1.9 pCi/(ft’>-sec)) of radon-222as an average for the entire source into the air (40 CFR 61.192).
Approval to construct a new facility or to modify an existing one may be required under 40 CFR
61.07. Emission standardsfor sourcesof hazardousair pollutantsdesignated in the 1990 CAA
amendments appear at 40 CFR 63.

40 CFR 70, " State Operating Permit Programs.” These regulations providefor the establishment of
comprehensive state air quality permitting programs. All mgor sourcesof air pollutants including
hazardousair pollutants are covered. Washington's operating permit regul ationsappear at WAC 173-
401.

40 CFR 93 Subpart B, " Determining Conformity of General Federal Actionsto State or Federal
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Implementation Plans.” The general conformity requirementsrequire that actions of federal agencies
areto comply with state implementation plans designed to achieve national ambient air quality
standards.

WAC 173-400 through 173-495, Washington State Air Pollution Control Regulations. Ecology air
pollution control regulations, promulgated under the Washington CAA appear in WAC 173-400
through 173-495 and are available at http://www.ecv.wa.gov/laws-rules/ecywac. html#air. These
regulationsinclude emission standards, ambient air quality standards, and the standardsin WAC 173-
460, "' Controlsfor New Sourcesaof Toxic Air Pollutants.” The State of Washington has delegated
much of itsauthority under the Washington CAA to the BCAA. However, except for certain air
pollution sources (e.g., asbestos removal, fugitivedust, and open burning) administered by the
BCAA, Ecology continues to administer air pollution control requirementsfor the Hanford Site.

WAC 246-247," Radiation Protection--Air Emissions.” Washington DOH regulationsin WAC 246-
247 contain standards and permit requirementsfor theemission of radionuclidesto the atmosphere.

Regulation | of the Benton Clean Air Authority can be accessed at : http://www.bcaa.net/Re,0Pol.htm.

6.22 Water Quality

The CWA and the Washington Water Pollution Control Act provide the statutory basisfor the

regulation of water quality in Washington State. The CWA established the Nationa Pollutant Discharge
Elimination System (NPDES) to limit the amount of pollutantsthat could be discharged.

40 CFR 121, " State Certification of Activities Requiring a Federal License or Permit.” These
regulations providefor state certification that any activity requiring afederal water permit, i.e., a
NPDES permit or adischarge of dredged or fill material permit, will not violate state water quality
standards.

40 CFR 122, ""EPA Administered Permit Programs. The National Pollutant Discharge Elimination
System.” EPA regulationsin 40 CFR 122 (and alsoin 40 CFR 125 and 129) apply to the discharge of
pollutantsfrom any point sourceinto waters of the United States. These regulations also apply to the
discharge of storm waters (40 CFR 122.26) and the discharge of runoff watersfrom construction
areas over 0.02 km? (0.008 mi®) in sizeinto waters of the United States. NPDES permits may be
required by 40 CFR 122. EPA has not delegated to the State of Washington the authority to issue
NPDES permitsat the Hanford Site.

40 CFR 141, "Nationd Primary Drinking Water Regulations.”" EPA drinking water standardsin 40
CFR 141 apply to ColumbiaRiver water at community water supply intakes downstream of the
Hanford Site. Standardsin 40 CFR 141.16 apply indirectly to releases of radionuclidesfrom DOE
facilities(and aso non-DOE facilities) to the extent that the releasesimpact community water
systems. The average annual concentration of beta particle and photon radioactivity from man-made
radionuclidesin drinking water are not to produce an annua dose equivalent to the body or any
internal organ greater than 4 mrem (0.04 mSv) in ayear. Maximum contaminant levelsin community
water systemsof 5 pCi/L (0.18 Bg/L) of combined radium-226 and radium-228; 15 pCi/L (0.56

Bg/L) of grossalpha particle activity, including radium-226 but excluding radon and uranium; and 30
ug/L for uranium are specified in 40 CFR 141.66. The averageannual concentrationof beta particle
and photon radioactivity from man-maderadionuclidesin drinking water must not produce an annual
dose equivalentto thetotal body or any internal organ greater than 4 mrem/yr (0.04 mSv/yr) [40 CFR
141.66(d)]. In December 2000, EPA issued revised maximum contaminant levelsfor radionuclidesto
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be effectivein December 2003 (65 FR 76708). The new ruleincludes requirementsfor uranium.

40 CFR 144-147, Underground Injection Control Program. EPA regulationsin 40 CFR 144-147
apply to the underground injection of liquids and wastes and may require a permit for any
underground injection. In Washington State, EPA has approved Ecology regulationsin WAC 173-
218, ""Underground Injection Control Program,” to operate in lieu of the EPA program. The Ecology
regulations provide standards and permit requirementsfor the disposal of fluidsby well injection.

10 CFR 1022, ** Compliance with Floodplain/Wetlands Environmental Review Requirements.” DOE
regulationsin 10 CFR 1022 implement Executive Orders 11988 and 11990 and apply to DOE
activitiesthat are proposed to take place either in wetlands or in floodplains.

33 CFR 322-323, 40 CFR 230-233. Construction or placement of structuresin the ColumbiaRiver
and work in the ColumbiaRiver, as wdl asthe discharge of dredged or fill material into the Columbia
River, require permits under these U.S. Army Corps of Engineersand EPA regulations.

WAC 173-160. Under WAC 173-160, DOE providesnotification to Ecology for water-well drilling
on the Hanford Site.

WAC 173-216, " State Waste Discharge Permit Program.” Ecology regulationsin WAC 173-216
establish a state permit program for the discharge of waste materialsfrom industrial, commercial, and
municipal operationsinto ground and surface waters of the state. Dischargescovered by NPDES or
WAC 173-218 permits are excluded from the WAC 173-216 program. DOE has agreed to meet the
requirements of this program at the Hanford Site for dischargesof liquidsto the ground.

WAC 332-30, "Aquatic Land Management.” Where applicable, DOE will obtain an aquatic land use
lease or permit from the Washington Department of Natural Resourcesfor the placement of structures
in the ColumbiaRiver on landsowned by the State of Washington. The U.S. Government owns
most of the riverbed along the Hanford Site to the line of navigation.

WAC 246-272-08001 and 246-272-09001. These regulations, administered by the Washington DOH,
contain permit requirementsfor onsite sewage systems.

WAC 246-290. These regulations, administered by the Washington DOH, contain requirements
applicableto water systems providing piped water for human consumption.

6.2.3 HazardousWaste M anagement

Regulation of hazardouswastesat Hanford is conducted under RCRA, CERCLA, the Tri-Party

Agreement, and the Washington State Hazardous Waste M anagement Act.

40 CFR 300, "Nationa Oil and Hazardous Substances Pollution Contingency Plan.”" EPA CERCLA
regulationsin 40 CFR 300 apply to the cleanup of inactive hazardous waste disposal sites, the cleanup
of hazardous substancesreleased into the environment, the reporting of hazardous substancesrel eased
into the environment, and natural resource damage assessments. Four areas of the Hanford Site (100,
200,300, and 1100) were listed on the EPA’s National PrioritiesList (NPL) in November 1989. The
1100 Area was subsequently delisted. Placement on thelist requires DOE, in consultation with EPA
and Washington State, to conduct remedial investigationsand feasibility studies |eadingto a Record
of Decision (ROD) on the cleanup of inactive waste disposal sitesat Hanford. Standardsfor cleanup
under CERCLA are™ applicableor relevant and appropriaterequirements” (ARARs), which may

6.8



include both federal and state laws and regulations. In anticipation of Hanford's being placed on the
NPL, DOE, EPA, and Ecology signed the Hanford Federal Facility Agreement and Consent Order
(Tri-Party Agreement) on May 15, 1989. Thisagreement describes the cleanup responsibilitiesand
authoritiesdf the three parties under CERCLA (and RCRA), and also provides for permitting of the
treatment, storage, and disposal of hazardous wastes under RCRA. The Tri-Party Agreement has
been amended a number of times. The agreement isavailable at
http://www.hanford.gov/tpa/tpahome.htm.

40 CFR 260-268 and 270-272, Hazardous Waste Management. EPA RCRA regulationsin 40 CFR
260-268 and 270-272 apply to the generation, transport, treatment, storage, and disposal of hazardous
wastes (but not to source, by-product, or specia nuclear material [i.e., not in genera to radioactive
wastes]), and apply to the hazardous component of hazardous radioactive mixed wastes (but not to the
radioactive component) owned by DOE. RCRA regulations (40 CFR 268) require treatment of many
hazardous wastes before they can be disposed of in landfills (land disposal restrictions). RCRA
permits are required for the treatment, storage, or disposal of hazardouswastes. The regulationsalso
require cleanup (correctiveaction) of any RCRA facility from which there is an unauthorized release
before a RCRA permit is granted. Ecology has been authorized by EPA to administer the RCRA
program within Washington. Ecology has oversight authority for RCRA correctiveactions at
Hanford under the Tri-Party Agreement.

40 CFR 280-281, Underground Storage Tanks. EPA has regulationsin 40 CFR 280-28| issued under
RCRA SubtitleIX that apply to new and existing underground storage tanks containing petroleum or
substances regulated under CERCLA (except for hazardous wastes regulated under RCRA). New
tanks must meet strict design and operating standards. Ownersdf new tanks must notify the
applicableregulatory agency and certify compliance with the regulations. The regulationsrequire the
reporting, investigation, and cleanup of releasesfrom underground tanks. EPA has authorized
Washington State to administer the underground storagetank program. Washington's requirements
arein RCW 90.76 and WAC 173-360.

WAC 173-303, "' Dangerous Waste Regulations.” EPA has authorized the State of Washington
through Ecology to conduct its own dangerouswaste regulation programin lieu of major portionsof
the RCRA interim and final permit programfor the treatment, storage, and disposal of hazardous
wastes. Ecology isaso authorized to conduct its own program for the hazardous portion of
radioactive-mixed wastes. The state regulationsinclude both standards and permit requirements, as
well asalarger universe of covered materiasthan the federal hazardouswaste program.

6.24  SpeciesProtection

50 CFR 10-24,222,402, and 450-453, Species Protection Regulations. Regulations under the
Endangered SpeciesAct, the Bald and Golden Eagle Protection Act, and the Migratory Bird Treaty
Act in 50 CFR 10-24 apply to the protection of plant and animal species on the Hanford Site.
Regulationsin 50 CFR 17, 81,222,223,402, and 450-453 apply to endangered or threatened
species. Section 7 of the Endangered Species Act (16 USC 1536) requiresthat federal agencies 1)
utilize their authority in furtheranceof the purposes of the Act by carrying out programsfor the
conservation of listed endangered and threatened species, and 2) consult with appropriatefederal
agenciesto ensurethat any action carried out is not likely to jeopardize the continued existence of
any endangered or threatened speciesor result in the destruction or adverse modification of critical
habitat for such species. The Fish and Wildlife Coordination Act [16 USC 662(a, h)] requiresthat a
federal agency consult with the U.S. Fish and WildlifeService and the state agency exercising
administration over wildlifeif any body of water over 0.04 km? (0.016 mi®) in sizeis to be modified
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by afedera agency, or alicenseeor permitee of the agency, for any purpose. The purposed this
consultation isto prevent loss and damageto wildlife resources.

6.2.5 Historicand Cultural ResourcePreservation

The DOE policy on management of cultural resources (DOE 2001a) providesthat:

DOE will uphold [the NHPA, the Archaeological Resources Protection Act, and the Native
American Graves Protection and Repatriation Act] by preserving, protecting, and perpetuating
cultural resourcesfor future generationsin a spirit of stewardshipto the extent feasible given the
agency's mission and mandates. To do this, DOE will implement management accountability for
compliance with federal statutes, executive orders, treaties, DOE orders, and implementation
guidance. The Department also ensuresthat DOE contractorsare obligated to implement DOE
programsand projectsin a manner that is consistent with this Policy and that reflectsthis
commitment in site management contracts.

The background statement in **Management of Cultural Resourcesat Department of Energy
Facilities” (DOE 2001b) further statesthat:

DOE recognizesthe cultural and scientific value of the resourcesthat may exist on the properties
under its management or over which it hasdirect or indirect control. Therefore, DOE has
implemented a program to protect these resourcesand ensurethat all DOE facilitiesand programs
comply with all existing cultural resource executive orders, laws, and regulations.

The DOE management document (DOE 2001b) definescultural resourcesto include "*historic
properties” asdefined in the NHPA, " archaeol ogical resources” as defined in the Archaeol ogical
ResourcesProtection Act of 1979, and " cultural items™ as defined in the Native American Graves
Protection and Repatriation Act.

The NHPA authorizes the Secretary of the Interior to maintain a National Register of Historic Places
(16 USC 470a[a][1]). Federa agenciesare to consider the effect of their actions on propertiesincluded in
or eligiblefor inclusion in the Register and afford the Advisory Council on Historic Preservation a
reasonable opportunity to comment on such actions (16 USC 470f).

The Archaeological Resources Protection Act of 1979 prohibits the excavation of material remains of
past human life that have archaeological interest and are at least 100 years old without a permit from the
appropriate federal land manager or an exemption (16 USC 470bb, 470ee).

The Native American Graves Protection and Repatriation Act prohibits the intentional excavation or
removal of human remainsor cultural items without a written permit, and prescribes protective measures
and repatriativeactionsto be taken in the event that human remainsor cultural items are discovered
inadvertently (25 USC 3001 et seq.).

Additional informationis available by contacting the Department of Energy, Richland Operations
Office, Hanford Cultural and Historic Resources Program or by accessing the Hanford website at
http://www.hanford.gov/doe/culres/index.htm.
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6.26 Land Use

The Hanford Reach National Monument was created on June 9,2000, by a proclamation (65 FR
37253) signed by President Clinton under the authority of the Antiquities Act. The Monument includes
792.6 km?” (306 mi?) of federally owned land making up a portion of the Hanford Site. The principal
components of the Monument are:

« theFitzner/Eberhardt Arid Lands Ecology Reserve (ALE),

« theMcGee Ranch and Riverlands area,

o the Saddle Mountain National Wildlife Refuge,

« thequarter-mile study strip along the south and west sides of the ColumbiaRiver corridor as
designated by the Hanford Reach Act (Hanford Reach Act [1988] as amended by Public Law
104-333),

« thefederaly owned islands within the portion of the Columbia River included in the
Monument,

« and the Hanford Sand Dune Field.

The U.S. Fish and Wildlife Service (USFWS) manages approximately 67,000 ha (166,000 ac) of
Monument lands that are within ALE and the Wahluke Slope (Wahluke Unit and Saddle Mountain Unit)
under permit from DOE. DOE manages the remainder of the Monument. The June 9,2000,
proclamation does not affect the responsibilities and authority of DOE on Hanford Site lands nor does it
affect DOE activities on lands not included within the Monument boundaries. In a separate
memorandum™)to the Secretary of Energy, DOE was directed by the President to protect the natural
values of the Hanford Siteland not included within the Monument. DOE and USFWS signed a
Memorandum of Understanding on June 14, 2001, covering management responsibilities for the
Monument. USFWS issued a Notice of Intent to prepare acomprehensive conservation plan and
associated EISfor the Monument in June 2002 (67 FR 40333).

In September 1999, DOE issued the Final Hanford Comprehensive Land-Use Plan Environmental
Impact Statement (DOE 1999). The ROD issued in November 1999 (64 FR 61615) statesthat the
purpose of the land-use plan and its implementing policiesis to facilitate decision making about the
Hanford Site's uses and facilities over at least the next 50 years. The ROD adoptsthe Preferred
Alternative land-use maps, designations, policies, and implementing procedures as described in the 1999
EIS and designates the Central Plateau (200 Areas) for Industrial-Exclusive use. In November of 1999,
USFWS signed a Record of Decision documenting USFWS's adoption of the DOE's Final
Comprehensive Land Use Plan.

6.2.7 Other

e 40CFR 191, "Environmental Radiation Protection Standards for Management and Disposal of Spent
Nuclear Fuel, High-Level and Transuranic Radioactive Wastes.” EPA regulationsin 40 CFR 191
provide environmental standards for the management, storage, and disposal of spent nuclear fuel,
high-level radioactive wastes, and transuranic radioactive wastes at high-level or transuranic waste
disposal sites.

e 40CFR 355, 370, and 372. These regulations implement the federal Emergency Planning and
Community Right-to-Know Act (EPCRA). EPCRA was signed into law in October 1986 as part of

@) The nenor andumis avai | abl e & http://clinton6.nara.gov/2000/06/2000-06-09-memorandum-on-hanford-reach-

national-monument.html.
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the Superfund Amendments and Reauthorization Act.

40 CFR 700-799, TSCA Regulations. EPA’s regulationsin 40 CFR 700-799 implement TSCA and,
in particular, regulate polychlorinated biphenyls (PCBs) and dioxinsand partially regul ate ashestos.

40 CFR 1500-1508, Council on Environmental Quality. The CEQ regulationsin 40 CFR 1500-1508

implement NEPA.

e 10 CFR 830, "Nuclear Safety Management.” Part 830 containsnuclear safety management
requirements applicableto DOE contractors.

e 10CFR 835, "Occupational Radiation Protection.” These DOE rulesestablish radiation protection
standards, limits, and program requirementsfor protecting individual sfrom ionizing radiation
resulting from DOE activities.

e 10CFR 1021, "Nationa Environmental Policy Act Implementing Procedures.” DOE regulationsin

10 CFR 1021 set out procedures that DOE uses to comply with section 102(2) of NEPA and the CEQ

regulationsfor implementingthe procedural provisonsof NEPA (40 CFR parts 1500-1508). The
DOE regulations supplement, and are to be used in conjunction with, the CEQ regulations.

e 49CFR 171-179, HazardousMaterials Regul ations. These Department of Transportation regulations

apply to the handling, packaging, labeling, and shipment of hazardous materials offsite, including
radioactive materials and wastes.

e WAC 173-60, "Maximum Environmental NoiseLevels.” These regulations contain maximum
permissibleenvironmental noise levelsin Washington. Additionally, the Occupationa Safety and

Health Administration has regulations covering noise exposure of occupational workersat 29 CHR
1910.95.

6.3 ExecutiveOrders

DOE is subject to a number of presidential executive orders (E.O.s) concerning environmental
matters. Some of these orders may be appropriately consideredin a Hanford EIS or EA. Potentially
relevant E.O.s include:

E.O. 11514 Protection and Enhancement of Environmental Quality
E.O. 11593 Protection and Enhancement of the Cultural Environment

E.O. 11738 Providing for Administration of the Clean Air Act and the Federal Water Pollution
Control Act with Respect to Federal Contracts, Grants, or Loans

E.O. 11988 Floodplain Management

E.O. 11990 Protection of Wetlands

E.O. 12088 Federal Compliancewith Pollution Control Standards
E.O.12114 Environmental Effects Abroad of Major Federal Actions
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E.O. 12196

E.O. 12580

E.O. 12898

E.O. 12962

E.O. 13007

E.O. 13045

E.O. 13101

E.O. 13112

E.O. 13123

E.O. 13134

E.O. 13148

E.O. 13149

E.O. 13150

E.O. 13175

E.O. 13186

E.O. 13195

E.O. 13287

Occupational Safety and Health Programsfor Federal Employees
Superfund Implementation

Federal Actionsto Address Environmental Justice in Minority Popul ationsand Low-
Income Populations

Recreationa Fisheries
Indian Sacred Sites

Protection of Children from Environmental Health Risks and Safety Risks (asamended
by E.O. 13296)

Greening the Government through Waste Prevention, Recycling, and Federal Acquisition
Invasive Species

Greening the Government through Energy Efficient Management

Deveoping and Promoting Biobased Productsand Bioenergy

Greening the Government through Leadershipin Environmental Management
Greeningthe Government through Federal Fleet and Transportation Efficiency

Federal Workforce Transportation

Consultation and Coordination with Indian Tribal Governments

Responsibilitiesof Federal Agenciesto Protect Migratory Birds

Trailsfor Americain the 21* Century

Preserve America

6.4 DOE Directives

Categoriesaf DOE directivesinclude orders, policy statements, standards, notices, manuals, and
contractor requirements documents.

DOE directivescan be accessed & :

http://www.directives.doe.gov/.

Directives with particular application to DOE’s environmental activitiesare found in the 400 series of
the new seriesdirectivesand the 5000 series (particularly the 5400 and 5800 series) under the old series

directives.
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Topics covered in DOE directivesinclude environmental protection, safety, and health protection
standards; hazardousand radioactive-mixed waste management; cleanup of retired facilities, safety
requirementsfor the packagingand transportation of hazardous materials; safety of nuclear facilities;
radiation protection; and other standardsfor the safety and protection of workers and the public.
Regulations and standardsaf other federal agenciesand standard setting entities are incorporated by
referenceinto some DOE directives.

6.5 Treaties, Statutes, and Policies Relating to Indian Tribesaof the Hanford
Region

DOE’s relationship with American Indiansis based on treaties, statutes, ExecutiveOrders, and DOE
policy statements. Representatives of the United States negotiated treatieswith leaders of various
Columbia Plateau American Tribesand Bandsin June 1855 at Camp Stevensin the WalaWallaValley.
The negotiationsresulted in three treaties, one with the 14 tribes and bands of the group that would
become the Confederated Tribes and Bands of the Y akama Nation, one with the three tribes that would
become the Confederated Tribesof the Umatilla Reservation, and one with the Nez Perce Tribe of 1daho.
The U.S. Senateratified the treatiesin 1859. The three treaties areincluded in Appendix A of the Final
Hanford Comprehensive Land-Use Plan EIS (DOE 1999). The negotiated treatiesare asfollows:

1. Treaty with the WallaWalla, Cayuse, etc. (June9, 1855; 12 Stats. 945)
2. Treaty with the Y akama(June 9, 1855; 12 Stats. 951)
3. Treaty with the Nez Perce (June 11, 1855; 12 Stats. 957).

The Confederated Tribesand Bands of the Y akama Nation of the Y akama Reservation, the
Confederated Tribesof the UmatillaReservation, and the Nez Perce Tribe of Idaho are federally
recognized tribesthat are eligible for funding and servicesfrom the Bureau of Indian Affairsby virtue of
thelr statusas Indian tribes (67 FR 46328, July 12, 2002).

Thetermsadf the three preceding treatiesare similar. Each of thethreetribal organizationsagreed to
cedelarge blocks of land to the United States. The Hanford Site is within the ceded lands of the
Confederated Tribesand Bands of the Y akama Nation and the Confederated Tribes of the Umatilla
Reservation. The treatiesreserved to the Tribes certain lands for their exclusive use (thethree
reservations). The treatiesalso secured to the Tribescertain rightsand privilegesto continue traditional
activitiesoutsidethe reservations. Theseincluded 1) the right to fish at usual and accustomed placesin
common with citizensof the United States, and 2) the privileges of hunting, gatheringroots and berries,
and pasturing horses and cattle on open and unclaimed lands.

The U.S. Department of Energy American Indian and Alaska Native Tribal Government Policy (DOE
2000) states, in part, that DOE

e Recognizesthefedera trust relationship with American Indians and Alaska Native Nationsand
will fulfill itstrust responsibilitiesto them

e Recognizesand commits to a government-to-government relationship and will institute
appropriate protocolsand proceduresfor program and policy implementation



e Complieswith applicablefederal cultural resource protection and other laws and executive
orders will assist in preservation and protection of historic and cultural sites and traditional
religious practices.

The American Indian Religious Freedom Act (42 USC 1996) establishesthat U.S. policy isto protect
and preservefor American Indianstheir inherent rightsof freedom to believe, express, and exercise their
traditiona religions, including accessto sites, use and possession of sacred objects, and the freedom to
worship through ceremoniesand traditional rites.

The Native American Graves Protection and Repatriation Act establishesthe right of linea
descendants, Indian Tribes, and Native Hawaiian organizationsto certain Native American human
remains, funerary objects, sacred objects, or objects of cultural patrimony discovered on federal lands
after November 16, 1990 (25 USC 3002). When discovered during an activity on federal lands, the
activity isto cease and appropriate tribal governmentsare to be notified. Work on the activity may
resume, if the activity is otherwiselawful, 30 days after the receipt of certification that tribal governments
have received the notice.

Executive Order 13007 "Indian Sacred Sites," (61 FR 26771, May 29, 1996) directsfederal agencies,
to the extent practicable, permitted by law, and not clearly inconsistent with essential agency functions, to
1) accommodate access to and ceremonia use of American Indian sacred sites by their religious
practitioners, and 2) avoid adversaly affecting the physical integrity of such sacred sites. Where
appropriate, agencies are to maintain the confidentiality of sacred sites.

DOE/RL interacts and consults regularly and directly with the threefederally recognized tribes
affected by Hanford operations; that is, the Nez Perce Tribe of 1daho, the Confederated Tribes of the
UmatillaReservation, and the Confederated Tribes and Bands of the Y akama Nation. In addition, the
Wanapum, who still live adjacent to the Hanford Site, are a non-federally recognized tribe that has strong
cultural tiesto the Site. The Hanford area was also used by groups whose descendantsare now enrolled
members of the Confederated Tribes of the ColvilleReservation. The Wanapum and the Confederated
Tribes of the Colville Reservation are also consulted on cultural resourceissues in accordance with DOE
policy and relevant legislation.

6.6 Permits

Information on the status of environmental permits at'Hanford isincluded in the Annual Hanford Site
Environmental Permitting Status Report (DOE 2002). The report includesinformation on environmental
permitting under RCRA; TSCA; CAA; CWA; the State Waste Discharge, Hydraulic Permit, and
Underground Injection Control Programs; the Onsite Sewage System Program; and the Petroleum
Underground Storage Tank Program.

The Hanford Site's RCRA permit is in two portions, one portion issued by EPA Region 10 and the
other portion issued by Ecology. The EPA portion of the RCRA permit coversthe Hazardousand Solid
Waste Amendmentsportion of the RCRA permit (EPA 1994). The Ecology portion of the Hanford Site
RCRA permit covers compliance with Ecology's dangerouswaste regulations (Ecology 2001a). The
Ecology portion of the permit includesstandard conditions, general facility conditions, and specific
conditionsfor individua operating Treatment, Storage, and/or Digposal (TSD) units, TSD units
undergoing corrective action, and TSD units undergoing closure.

Clean Air Act compliance requires both facility and sitewide compliance. The Annual Hanford Site
Environmental Permitting Status Report (DOE 2002) identifies existingfacility-specificand sitewide
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CAA complianceactivities. Theair operating permit for the Hanford Site issued by Ecology became
effectivein July 2001 (Ecology 2001b).

The Hanford Site National Pollutant Discharge Elimination System Permit (WA-002591-7) governs
liquid process effluent dischargesto the Columbia River (DOE 2002).

DOE has asserted a federally reserved water withdrawal right with respect to its Hanford operations.
Current Hanford activitiesuse water withdrawn under the DOE’s federally reserved water rights.
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