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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 is intended to provide a consistent description of the
Hanford Site environment for the many NEPA documents being prepared by DOE contractors.
No conclusions or recommendations are provided. This year’s report is the eleventh revision of
the original document published in 1988 and is (until replaced by the 12th revision) the only
version that is relevant for use in the preparation of Hanford NEPA, SEPA and CERCLA
documents.

The two chapters included in this document (Chapters 4 and 6) are numbered to correspond to
the chapters where such information is presented in environmental impact statements (EISs) and
other Site-related NEPA or CERCLA documentation. Chapter 4.0 (Affected Environment)
describes Hanford Site climate and meteorology, geology, hydrology, ecology, cultural,
archaeological and historical resources, socioeconomics; occupational safety, and noise.

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. This
division allows 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) is essentially a definitive NEPA
Chapter 6.0, which describes applicable federal and state laws and regulations, DOE directives
and permits, and environmental standards directly applicable to the NEPA documents on the
Hanford Site. People preparing environmental assessments and EISs should also be cognizant of
the document entitled Recommendations for the Preparation of Environmental Assessments and
Environmental Impact Statements published by the DOE Office of NEPA Oversight.®

Pacific Northwest National Laboratory (PNNL) staff prepared individual sections of this
document, with input from other Site contractors. More detailed data are available from
reference sources cited or from the authors. The following sections of the document were
reviewed by the authors and updated with the best available information through June 1999:

Climate and Meteorology

Ecology

Cultural, Archaeological, and Historical Resources.
* Socioeconomics

All of Chapter 6.

Remaining sections were last revised in 1998. A new section, Occupational Safety,
authored by E.J. Antonio with the assistance of Tracy Ikenberry, Dade Moeller &
Associates, was added to this revision.

@ U.S. Department of Energy (DOE). 1993. Recommendations for the Preparation of Environmental
Assessments and Environmental Impact Statements. U.S. Department of Energy, Office of NEPA
Oversight, Washington, DC.
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Any interested individual seeking baseline data on the Hanford Site and its past activities
may also use this information by which to evaluate projected activities and their impacts. The
following personnel are responsible for the various sections of this document and can be

contacted with questions:

Document Editor

Climate/Meteorology

Air Quality

Geology

Hydrology

Ecology

Cultural,

Archaeological and
Historical Resources

Socioeconomics

Noise

Occupation Safety

Statutory and
Regulatory
Requirements

D. A. Neitzel

D. J. Hoitink

C. J. Fosmire

S. M. Goodwin
A. C. Rohay

P.D. Thome

T. M. Poston

M. K. Wright
D. W. Harvey

R. A.Fowler -
T. M. Poston
E. J. Antonio

P.L.
Hendrickson

(509) 376-0602

(509) 372-6414

(509) 372-6314

(509) 376-8704
(509) 376-6925

(509) 372-4482

(509) 376-5678

(509) 372-1079
(509) 373-2945

(509) 372-4332

(509) 376-5678

(509) 375-3809
(509) 372-4294

duane.neitzel@pnl.gov

dana.j.hoitink@pnl.gov

Christian.Fosmire@pnl.gov

shannon.goodwin@pnl.gov

alan.rohav@pnl.gov

paul.thome@pnl.gov

ted.poston@pnl.gov

mona.wright@pnl.gov
david.harvey@pnl.gov

richard.fowler@pnl.sov

ted.poston@pnl.gov

E.Antonio@pnl.gov

paul.hendrickson@pnl.gov

The suggested citation for this document is Neitzel, D. A. (Ed.). 1999. Hanford Site
National Environmental Policy Act (NEPA) Characterization. PNL-6415, Rev. 11, Pacific
Northwest National Laboratory, Richland, Washington.

To enhance the usability of the document, a copy is available, upon request, from Duane A.
Neitzel at (509) 376-0602. The document is also available electronically at

http://www _ hanford.gov.
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AEA

* ALE
ARPA
BCCAA
BCRFD
BHI
BNSF
BPA
BWIP
CAA
CBC
CEQ
CERCLA
CFR
CLUP
Corps
CWA
DART
dB

dBA
DCG
DOE
DOE-RL
DOH
DOI
DWS
Ecology
EDNA
EIS

EN
ENCO
E.O.
EPA
FEMA
FFCA
FFTF
FR

FY

Hz
HCRL
HEHF
HMS
HRA-EIS
Leg
LERF -
LLWPA

Acronyms

Atomic Energy Act

Fitzner/Eberhardt Arid Lands Ecology
Archaeological Resources Protection Act
Benton County Clean Air Authority

Benton County.Rural Fire Department
Bechtel Hanford, Inc.

Burlington Northern Santa Fe

Bonneville Power Administration

Basalt Waste Isolation Project

Clean Air Act

Columbia Basin College

Council on Environmental Quality :
Comprehensive Environmental Response, Compensation, and Liability Act
Code of Federal Regulations

Comprehensive Land Use Plan

U.S. Army Corps of Engineers

Clean Water Act

Data Acquisition in Real Time

decibels

A-weighted sound level

Derived Concentration Guides

U.S. Department of Energy

U.S. Department of Energy, Richland Operations Office
Washington Department of Health
Department of Interior

drinking water standards

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

Energy Northwest

Enterprise Companies

Executive Order

U.S. Environmental Protection Agency
Federal Emergency Management Agency
Federal Facilities Compliance Act

Fast Flux Test Facility

‘Federal Register

fiscal year

Hertz

Hanford Cultural Resources Laboratory

Hanford Environmental Health Foundation

Hanford Meteorological Station

Hanford Remedial Action Environmental Impact Statement
equivalent sound level

Liquid Effluent Retention Faclllty

Low-Level Radioactive Waste Policy Act
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MCL
MMI

- NAAQS
National Register
NEPA
NESHAP
NHPA
NPDES
NPL
NPPC
NPR
NPS
NRC
NWPA
OFM
OSHA
PCBs
PHMC
PM; s
PM;o
PNNL
PSD
PUREX
RCRA
RCW
RM
ROD
SARA
SDWA
SEPA
SIP

SR

State Register
Supply System
TCP
TEDF

Tri-Party Agreement

Tri-Cities
TRIDEC
TSCA
TSP
Usc
UO3
vOoC
WAC
WDF
WHC
WSR
WSU-TC
YN

X

Maximum Contaminant Level

Modified Mercalli Intensity

national ambient air quality standards

The National Register of Historic Places
National Environmental Policy Act

National Emission Standards for Hazardous Air Pollutant
National Historic Preservation Act

National Pollutant Discharge Elimination System
National Priorities List

Northwest Power Planning Council

New Production Reactor

National Park Service

U.S. Nuclear Regulatory Commission

Nuclear Waste Policy Act

Office of Financial Management

Occupational Safety and Health Administration
polychlorinated biphenyls

Project Hanford Management Contract
Particulate Matter (2.5 micrometers or less)
Particulate Matter (10 micrometers or less)
Pacific Northwest National Laboratory
Prevention of Significant Deterioration
Plutonium-Uranium Extraction

Resource Conservation and Recovery Act

Revised Code of Washington

River Mile

Record of Decision

Superfund Amendments and Reauthorization Act
Safe Drinking Water Act

State (of Washington) Environmental Policy Act
state implementation plans

State Route

State Register of Historic Places

Washington Public Power Supply System
Traditional Cultural Place

Treated Effluent Disposal Facility

Hanford Federal Facility Agreement and Consent Order
Kennewick, Pasco, and Richland

Tri-Cities Economic Development Council
Toxic Substances Control Act

total suspended particulates

United States Code

Uranium Trioxide

volatile organic compounds

Washington Administrative Code

Washington Department of Fisheries
Westinghouse Hanford Company

Washington State Register

Washington State University, Tri Cities

Yakama Nation

atmospheric diffusion factors
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4.0 Affected Environment

The U.S. Department of Energy (DOE) Hanford Site lies within the semiarid Pasco Basin of the
Columbia Plateau in southeastern Washington State (Figure 4.0-1). The Hanford Site occupies
an area of about 1450 km? (about 560 mi?) north of the confluence of the Yakima River with the
Columbia River. The Hanford Site is about 50 km (30 mi) north to south and 40 km (24 mi)
east to west. This land, with restricted public access, provides a buffer for the smaller areas

. currently used for storage of nuclear materials, waste storage, and waste disposal; only about 6%

of the land area has been disturbed and is actively used. The Columbia River flows through the
northern part of the Hanford Site and, turning south, forms part of the Site’s eastern boundary.
The Yakima River 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, Yakima Ridge, and Umtanum Ridge form the southwestern and western boundaries.
The Saddle Mountains form 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) constitute the nearest
population centers and are located southeast of the Hanford Site. '

The Hanford Site encompasses more than 1500 waste management units and groundwater
contamination plumes that have been grouped into 62 operable units. Each unit has
complementary characteristics of such parameters as geography, waste content, type of faclhty,
and relationship of contaminant plumes. This grouping into operable units allows for economies
of scale to reduce the cost and number of characterization investigations and remedial actions
that will be required for the Hanford Site to complete environmental clean—up efforts (WHC
1989). The 62 operable units have been aggregated into four areas: 22 in the 100 Area (17
source, 5 groundwater), 33 in the 200 Areas (29 source and 4 groundwater), 3 in the 300
Area (2 source and 1 groundwater), and 4 in the 1100 Area®. The 1100-Area operable units
were de-listed from the National Priorities List in 1996. Those persons contemplating National
Environmental Policy Act (NEPA)-related activities on the Hanford Site should be aware of the
existence and location of the various operable units. Current maps showing the locations of the
operable units can be obtained from the environmental restoration contractor.

4.1 Climate and Meteorology
D. J. Hoitink and C. J. Fosmire

The Hanford Site is located in a semiarid region of southeastern Washington State. The
Cascade Mountains, beyond Yakima to the west, greatly influence the climate of the Hanford area
by means of their “rain shadow” effect. This mountain range also serves as a source of cold air
drainage, which has a considerable effect on the wind regime on the Hanford Site.

Climatological data are available from the Hanford Meteorological Station (HMS), whlch is
located between the 200 East and 200 West Areas. Data have been collected at this location since
1945, and a summary of these data through 1998 has been published by Hoitink et al. (1999).

® Source: Personal communication with L. Dietz, BHI, August 1999.
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Data from the HMS are representative of the general climatic conditions for the region and
describe the specific climate of the 200 Area Plateau. Local variations in the topography of the
Hanford Site may cause some aspects of climate at portions of the Hanford Site to differ
significantly from those of the HMS. For example, winds near the Columbia River are different
from those at the HMS. Similarly, precipitation along the slopes of the Rattlesnake Hills differs
from that at the HMS.

4.1.1 Wind

Wind data are collected at the HMS at the surface (2.1-m [~7-ft] above ground) and at the
15.2-, 61.0-, and 121.9-m (50-, 200-, and 400-ft) levels of the 125-m (410-ft) HMS tower.
Three 60-m (200-ft) towers, with wind-measuring instrumentation at the 10-, 25-, and 60-m
(33-, 82-, and 200-ft) levels, are located at the 300, 400, and 100-N Areas. In addmon, wind
instruments on 26 9.1-m (30-ft) towers distributed on and around the Hanford Site (Figure 4.1-1)
provide supplementary data for defining wind patterns. Instrumentation on each of the towers is
described in Table 4.1-1. Stations 8W and 198 are no longer active.

Prevailing wind directions on the 200 Area Plateau are from the northwest in all months of the
year.(Figure 4.1-2). Secondary maxima occur for southwesterly winds. Summaries of wind
direction indicate that winds from the northwest quadrant occur most often during the winter and
summer. During the spring and fall, the frequency of southwesterly winds increases with a
corresponding decrease in northwest flow. Winds blowing from other d1rect10ns (e.g., northeast)
display minimal variation from month to month.

Monthly and annual joint-frequency distributions of wind direction versus wind speed for the
HMS are reported in Hoitink et al. (1999). Monthly average wind speeds are lowest during the
winter months, averaging 10- to 11-km/h (6- to 7-mi/h), and highest during the summer,
averaging 13- to 15-km/h (8- to 9-mi/h). Wind speeds that are well above average are usually
associated with southwesterly winds. However, the summertime drainage winds are generally
northwesterly and frequently reach 50-km/h (3 O—mn/h) These winds are most prevalent over the
northern portion of the Hanford Site.

4.1.2 Temperature and Humidity

Temperature measurements are made at the 0.9-, 9.1-, 15.2-, 30.5-, 61.0-, 76.2-, 91.4-,
and 121.9-m (3-, 30-, 50-, 100-, 200-, 250-, 300-, and 400-ft) levels of the 125-m (410-ft) tower
at the HMS. Temperatures are also measured at the 2-m (~6.5-1t) level on the twenty-six 9.1-m
(30-ft) towers located on and around the Hanford Site. The three 60-m (200-ft) towers have
temperature-measuring instrumentation at the 2-, 10-, and 60-m (~6 5-,33-, and 200-ft) levels.

Monthly averages and extremes of temperature, dew point, and humidity are contained in
Hoitink et al. (1999). Ranges of daily maximum temperatures vary from normal maxima of 2°C
(35°F) in late December and early January to 35°C (95°F) in late July. There are, on the
average, 52 days during the summer months with maximum temperatures >32°C (90°F) and 12
days with maxima greater than or equal to 38°C (100°F). From mid-November through early
March, minimum temperatures average <0°C (32°F), with the minima in late December and early
January averaging -6°C (21°F). During the winter, there are, on average, 3 days with minimum
temperatures <—18°C (~0°F); however, only about one winter in two experiences such
temperatures. The record maximum temperature is 45°C (113°F), and the record minimum
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Table 4.1-1.  Station Numbers, Names, and Instrumentation for each Hanford Meteorological

Monitoring Network Site.
Site Number Site Name Instrumentation
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
8B Beverly . WS, WD, T, P
gW® Wahluke Slope : WS, WD, T,P
9 FFTF (60 m) WD, T, TD, DP, P, AP
10 Yakima Barricade WS, WD, T, P, AP
11 300 Area (60 m) WS, WD, T, TD, DP, P, AP
12 Wye Barricade WS, WD, T, P
13 100-N Area (60 m) 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
19P Plutonium Finishing Plant WS, WD, T, AP
198@ Sagehill WS, WD, T
20 Rattlesnake Mountain WS, WD, T, P
21 * Hanford Meteorology Station (125m) WS, WD, T, P, AP
22 Tri-Cities Airport - WS, WD, T, P
23 Gable West WS, , 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 \AR , T, P, AP
29 100-K Area WS, WD, T, P, AP
30 HAMMER WS, WD, T

>

Legend: WS - Wind Speed
WD - Wind Direction
T - Temperature
TD - Temperature Difference
DP - Dewpoint Temperature
P - Precipitation
AP - Atmospheric Pressure

@ Station no longer active.
®) Roosevelt is located on the Columbia River west/southwest of the Site.
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temperature is -31°C (-23°F). Maximum temperatures reaching 45°C (113°F) can be expected
only once every 100 years, and minimum temperatures reaching -31°C.(-24°F) can also be
expected once every 100 years. For the period 1946 through 1998, the average monthly
temperatures range from a low of -0.9°C (30°F) in January to a high of 24.6°C (76°F) in July.
The highest winter monthly average temperature at the HMS was 6.9°C (44°F) in February
1958, while the record lowest temperature was -11.1°C (12°F) during January 1950. The
record maximum summer monthly average temperature was 27.9°C (82°F) in July 1985, while
the record lowest temperature was 17.2°C (63°F) in June 1953.

Relative humidity/dew point temperature measurements are made at the HMS and at the three
60-m (200-ft) tower locations. The annual average relative humidity at the HMS is 54%. Itis
highest during the winter months, averaging about 75%, and lowest during the summer,
averaging about 35%. Wet bulb temperatures >24°C (75°F) had not been observed at the HMS
before 1975; however, on July 8, 9, and 10 of that year, there were seven hourly observations
with wet bulb temperatures >24°C (75°F).

- 4.1.3 Precipitation

Precipitation measurements have been made at the HMS since 1945. Average annual
precipitation at the HMS is 16 cm (6.3 in.). In the wettest year on record, 1995, 31.3 cm (12.3
in.) of precipitation was measured; in the driest year, 1976, only 7.6 cm (3 in.) 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 occurs during 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. Rainfall intensities of 1.3 cm/h
(0.50 in./h) persisting for 1 hour are expected once every 50 years.

Winter monthly average snowfall ranges from 0.8 cm (0.32 in.) in March to 13.7 cm (5 in.)
in December. The record monthly snowfall of 60 cm (23.4 in.) occurred in January 1950.
The seasonal record snowfall of 142 cm (56 in.) occurred during the winter of 1992-1993.
Seasonal snowfall totals of 142 cm (56 in.) are expected once every 200 years. Snowfall accounts
for about 38% of all precipitation from December through February.

4.1.4 Fog and Visibility

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 4.1-2). The average number of days per year with fog (visibility <9.6 km
[6 mi]) is 47, while those with dense fog (visibility <0.4 km [0.25 mi]), is 25. The greatest
number of days with fog was 84 days in 1985-1986, and the least was 22 in 1948-1949; the
greatest number of days with dense fog was 42 days in 1950-1951, and the least was 9 days in
1948-1949. The greatest persistence of fog was 114 hours (December 1985), and the greatest
persistence of dense fog was 47 hours (December 1957).

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
d/yr have dust or blowing dust and <1 d/yr has reduced visibility from smoke.
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Table 4.1-2. Number of Days with Fog by Season.

Category Winter Spring Summer  Autumn Total

Fog 32 3 < 12 47
Dense fog 17 1 <2 7 25

4.1.5 Severe Weather

High winds are associated with thunderstorms. The average occurrence of thunderstorms is
10 per year. They are most frequent during the summer; however, they have occurred in every
month. The average winds during thunderstorms come from no specific direction. Estimates
of the extreme winds, based on peak gusts, are given in Hoitink et al. (1999) and are shown in
Table 4.1-3. Using the National Weather Service criteria for classifying a thunderstorm as
“severe” (i.e., hail with a diameter 220 mm [1 in.] or wind gusts of 293 km/h [58 mi/h]), only
1.9% of all thunderstorm events surveyed at the HMS have been “severe” storms, and all met
the criteria based on wind gusts.

Table 4.1-3. Estimates of Extreme Winds at the Hanford Site.

Peak Gusts (km/h)

Return 152m 61m
Period (yr) Above Ground Above Ground

2 97 109
10 114 130
100 136 155
1000 157 181

Tornadoes are infrequent and generally small in the northwest portion of the United States.
Grazulis (1984) lists no violent tornadoes for the region surrounding Hanford (DOE 1987). The
HMS climatological summary (Stone et al. 1983) and the National Severe Storms Forecast
Center database list 22 separate tornado occurrences within 161 km (100 mi) of the Hanford
Site from 1916 through August 1982. On June 16, 1948, a tornado was observed near the east
end of Rattlesnake Mountain (about 10 miles south of the HMS). Funnel clouds (not reaching
the ground) were observed on March 24, 1961 (estimated 10 to 15 miles south-southwest of the
HMS) and July 15, 1970 (about 10 miles south-southwest of the HMS on the north slope of
Rattlesnake Mountain). Two additional tornadoes have been reported since August 1982.
Generally, the tornadoes that have occurred within the region have been small and caused no
major damage. No violent tornadoes (category F4 and F5 with wind speeds in excess of 207
mph) have been reported in northeast Oregon or southeast Washington.
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Using the information in the preceding paragraph and the statistics published in Ramsdell and
Andrews (1986) for the 5° block centered at 117.5° west longitude and 47.5° north latitude (the
area in which the Hanford Site is located), the expected path length of a tornado on the Hanford
Site is 7.6 km (5 mi ), the expected width is 95 m (312 ft), and the expected area is about 1.5
km? (1 mi®). The estimated probability of a tornado striking a point at Hanford, 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 intensities for
the region. These probability estimates are given in Table 4.1-4.

Table 4.1-4. Estimate of the Probability of Extreme Winds Assoclated with Tornadoes Striking a Point at
Hanford (Ramsdell and Andrews 1986).

Wind Speed (km/h) Probability Per Year

100 - 2.6x10°
200 6.5x107
300 1.6x 107
400 39x10°%

4.1.6 Atmospheric Dispersion

Atmospheric dispersion (the transport and diffusion of gases and particles within the
atmosphere) is a function of wind speed, duration and direction of wind, intensity of atmospheric
turbulence (wind motions at very small time scales that act to disperse gas and particles rather
than transporting them downwind), and mixing depth. Often, the atmospheric turbulence cannot
be measured directly and is estimated by the atmospheric stability. Atmospheric stability
describes the thermal stratification or vertical temperature structure of the atmosphere. The more
unstable the atmosphere, the more atmospheric turbulence is generated. When the atmosphere is
considered to be unstable or neutral, i.e., the winds are moderate to strong, and the mixing depth
is deep, conditions are favorable for dispersion.

These conditions are most common in the summer when neutral and unstable stratification
exists, about 56% of the time (Stone et al. 1983). Less favorable dispersion conditions may
occur when the wind speed is light and the mixing layer is shallow. These conditions are most
common during the winter when moderately to extremely stable stratification exists, about 66%
of the time (Stone et al. 1983). Less favorable conditions also occur periodically for surface and
low-level releases in all seasons from about sunset to about an hour after sunrise as a result of
ground-based temperature inversions and shallow mixing layers. Occasionally, there are
extended periods of poor dispersion conditions associated with stagnant air in stationary high-
pressure systems that occur primarily during the winter months (Stone et al. 1983).

Stone et al. (1972) estimated the probability of extended periods of poor dispersion
conditions. The probability of an inversion, once established, persisting more than 12 hours
varies from a low of about 10% in May and June to a high of about 64% in September and
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October. These probabilities decrease rapidly for durations of >12 hours. Table 4.1-5
summarizes the probabilities associated with extended surface-based inversions.

Many dispersion models use joint frequency distribution of atmospheric stability, wind speed,
and wind direction to compute diffusion factors for both chronic and acute releases. Tables 4.1~
6 through 4.1-13 present joint frequency distribution of atmospheric stability, wind speed, and
wind direction for measurements taken at the 100-N, 200 East (200 Areas), 300 and 400 Areas at
two different heights (10-m and 61-m [33-ft and 200-ft]). The values presented in the joint
frequency distributions are a percentage of the time that the wind is blowing toward the
direction listed (e.g., S, SSW, SW). For each station, the joint frequency distributions were
determined using local wind data measured at the 10-m (33-ft) towers and the HMS atmospheric
stability data. For the 61-m (200-ft) joint frequency distributions, wind speed was estimated
assuming the wind speed profile was represented by a power law. A more detailed description
of the procedures used to develop the joint frequency distributions are found in Appendix H.1
of the Recommended Environmental Dose Calculation Methods and Hanford-Specific
Parameters (Schreckhise et al. 1993).

Tables 4.1-14 through 4.1-20 present the annual sector-average atmospheric diffusion

factors (X/Qp) and Tables 4.1-21 through 4.1-29 present the 95% centerline atmospheric
diffusion factor (E/Q) for the four major Hanford Areas (100-N Area, 200 Areas, 300 Area, and
the 400 Area). For each area except the 400 Area, atmospheric diffusion factors are for a
ground-level release and a release at 60 m (197 ft). For the 400 area, the diffusion factors are
for a ground-level release and a release at 30 m (98 ft). These diffusion factors are presented as
a function of direction and distance from the release point and were calculated using the GENII
code (Napier et al. 1988) based on meteorological measurements averaged over the years 1983
through 1991.

Table 4.1-5. Percent Probabilities for Extended Periods of Surface-Based Inversions (based on data from
Stone et al. 1972).

Inversion duration

Months 12 hr 24 hr 48 hr
January-February 54.0 2.5 0.28
March-April 50.0 <0.1 <0.1
May-June 10.0 <0.1 <0.1
July-August 18.0 <0.1 <0.1
September-October 64.0 0.11 <0.1
November-December 50.0 12 0.13
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Table 4.1-6. Joint frequency distributions for the 100 Areas 10 m tower, 1983-1996 data

(Hoitink and Burk 1997).
A 2 A pheric Percentage of Time Wind Blows from the 100N Area Towzrd the Direction Indicated
Wind Speed|  Stability Class -
S SSW SW WSW W WNW NW NNW N NNE NE ENE E ESE SE SSE

039 |a 028 019 017 016 022 02 017 012 012 012 015 019 026 031 037 033
b 011 008 01 008 01 014 O0Il 007 006 006 008 01 012 013 017 014

c oIl 009 009 01 01 013 011 008 008 007 008 01 011 013 013 0I3

d 051 042 045 054 082 1 082 065 059 055 06 066 075 073 069 059

3 048 043 051 061 084 086 071 054 05 047 058 068 075 077 067 055

£ 045 04 054 061 077 066 051 034 031 033 048 069 079 083 0.7 057

g 021 019 023 028 031 023 018 0I3 012 013 024 037 051 047 04 029

265 |a 045 048 036 0I5 023 031 027 017 013 014 032 047 051 047 045 045
b 014 016 011 006 011 013 013 005 005 004 012 018 02 014 015 0.2

c ot 012 01 006 009 012 011 007 004 004 01 015 017 012 011 012

d 04 046 04 038 053 07 075 041 03 033 056 101 098 076 052 042

e 022 023 031 051 07 072 064 036 026 028 064 139 154 09 048 025

£ 013 014 02 051 071 049 03 016 Ol 015 034 08 092 05 031 0.l

g 003 005 009 023 027 016 009 004 004 005 015 036 046 023" 008 004

4.7 a 009 027 018 0064 006 008 011 005 005 008 028 03 035 036 017 008
b 002 007 006 002 002 002 004 002 002 002 007 008 011 OI 004 003

c 003 005 004 002 002 003 005 003 001 0035 007 005 009 008 0064 002

d 014 021 016 007 007 014 03 0I5 009 017 034 053 08 064 022 014

¢ 009 012 008 006 006 007 025 014 01 013 029 082 147 095 02 008

f 006 007 004 005 004 004 008 004 002 00Z 007 027 024 014 005 004

g 001 001 001 00l 002 001 001 001 0 0 002 006 003 002 00! 001

715 a 0.04 01 008 001 0 00 003 002 001 004 021 015 023 036 018 003
b 002 004 002 0 0 6 001 001 001 001 007 003 006 01 005 0

c 001 002 002 0 0 0 001 001 001 001 005 003 005 007 003 00}

d 005 01 006 002 001 00 005 005 005 Ol 028 019 038 07 026 005

3 004 005 005 002 0 001 002 002 002 006 013 015 047 067 015 003

£ 001 004 001 0 [ IR 0 0 0 0 001 003 004 003 001 002

g 0 0 0 0 0 0 0 0 0 0 o 001 0 0 0 0

9.8 2 0 002 003 001 0 0 [} 0 0 001 007 005 007 017 0.l 0
b 0o 001 o001 0 0 0 0 0 0 001 003 002 002 005 003 0

c 0 o001 001 0 0 0 0 o 0 001 002 001 001 005 003 [

d 002 004 003 001 0 0 0 001 001 006 01l 006 008 025 015 001

e 002 002 003 001 o o 0 0 001 003 005 002 004 015 007 001

f 0 o001 0 0 0 0 0 (] ] 0 0 0 0 0 0 0

Jg 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

‘127 2 0 0 0 0 0 0 0 0 0 0 002 001 001 005 004 0
b 0 0 0 0 0 0 0 0 0 0 001 0 0 002 001 0

c 0 ) 0 o o o o o o o o0l o o om o o

d 0 002 001 o 0 0 0 0 0 003 003 002 002 006 002 001

I3 0 001 003 0 0 0 0 0 0 002 002 0 0 002 002 0

f 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Is 0 0 0 0 0 0 0 0 0 0 o o 0 0 0 0

15.6 2 0 0 0 0 0 )] 0 0 0 0 0 0 0 0 0 0
b 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

c 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

d 0 0 0 0 0 0 0 (] 0 001, 0 0 0 0 0 0

e 0 0 0 0 0 0 0 ] 0 0 0 0 [ 0 0 0

£ 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

g 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

19 a 0 0 0 0 0 [ [) [ 0 [ 0 0 [} 0 0 0
b 0 0 0 0 0 0 0 (] 0 0 0 0 0 0 0 0

c 0 0 0 0 0 0 0 0 0 0 ] 0 0 0 0 0

d 0 0 0 0 0 0 0 0 0 0 ] 0 0 0 0 0

3 0 0 0 0 0 0 0 0 0 0 0 0 0 o 001 0

£ 0 0 ] 0 0 o o0 0 0 0 0 0 [\ 0 0 0

8 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Table 4.1-7. Joint Frequency Distributions for the 100-N Area 61 m Tower, 1983-1996 Data

(Hoitink and Burk 1997).
Average | Atmospheric Percentage of Time Wind Blows from the 100N Area Toward the Difection Indicated
Wind Speed | Stability Class
S SSW SW WSW W WNW NW NNW N NNE NE ENE E ESE SE  SSE
089 |a 023 022 017 016 02 021 .018 014 011 01 012 012 017 022 024 026
b 013 01 009 008 01 014 009 006 006 006 006 008 01 009 012 0l
c 011 01 007 007 0I11 O0I11 011 007 006 006 007 008 01 01 005 Ol
4 051 043 041 045 066 076 065 05 043 037 036 047 052 054 05 048
e 04 036 043 052 067 062 056 042 033 029 033 036 048 043 037 034
£ 032 034 047 061 082 06 055 036 025 023 024 024 029 035 035 03
2 017 016 024 035 049 038 021 0I5 012 01 01 01l 015 018 02 017
285 |a 044 05 03 013 019 020 025 019 012 011 021 037 039 028 027 029
b 015 019 01 006 012 012 0I5 009 005 005 01 014 017 013 011 009
c 011 015 011 005 0J1 013 011 008 005 005 008 013 015 012 009 009
d 05 051 042 034 053 065 079 043 031 023 037 054 075 065 046 035
e 025 033 03 042 068 073 063 038 025 019 026 043 076 09 059 029
£ 026 024 022 046 089 077 049 024 014 01 014 022 049 07 045 023
s 011 009 0I3 023 043 035 O0I8 007 005 004 006 006 016 028 023 014
7 s 012 025 0I8 005 006 01 011 006 005 006 019 022 031 024 013 008
b 005 01 005 002 002 003 005 004 003 003 008 008 012 01 004 003
c 003 008 005 003 002 004 005 003 001 002 006 006 01 007 003 004
4 022 029 019 01 01 018 037 017 012 012 023 029 051 041 02 0.8
e 018 02 017 014 017 021 04 02 0I5 015 024 037 104 103 032 017
£ 013 012 008 Ol 014 016 022 012 005 005 005 014 042 057 019 01
s 003 004 003 003 005 006 006 002 002 002 002 004 008 014 009 004
715 |a 006 017 009 003 002 003 005 003 002 004 02 017 026 031 01 003
b 003 005 002 001 00l 001 002 001 001 002 005 005 006 008 004 002
. 003 002 001 001 O 002 003 002 001 002 005 003 006 008 002 00
d 012 0I5 005 005 005 005 014 011 008 012 025 02 05 07 024 007
e 01 014 01 007 004 006 016 013 008 01 02 02 126 167 024 006
£ 008 01 005 005 004 004 009 005 003 002 003 007 031 028 006 003
e 002 002 0 001 003 002 002 00I 00 001 001 001 004 005 002 00l
58 [a 006 008 005 001 001 001 00z 001 001 001 011 009 015 029 o012 002
b 003 002 o0l 0O 0 001 001 0 001 00l 005 002 004 008 005 001
e 001 002 001 0 001 o001 0 0 001 001 003 004 002 006 003 001
4 009 01 007 003 003 003 006 005 004 007 016 014 031 068 025 003
c 005 008 007 003 003 003 004 004 003 006 01 01 047 097 017 003
£ 004 005 003 002 003 002 002 001 001 O 061 001 005 008 002 00l
e 0 0 0 0 001 00l o o0 0o 0 ) 0 001 002 0 0
27 | 001 003 003 ) 0 0 0 0 00l 004 004 005 012 oI 0
b 001 001 o001 o o O o 0 0 0 002 001 002 004 002 0
c 001 001 00l o o 0 o 6 0 001 002 00l 001 003 002 0
4 004 006 004 002 001 001 002 002 001 006 01 007 011 032 014 002
e 003 006 006 001 001 001 001 002 001 003 005 004 012 029 009 002
£ 001 002 0 0 001 00l o o o o 0 0 o002 002 0 0
g 0 6 o 0o o 0 0o o0 0 o 0 0 0 0 0 0
56 |a ) 0o o o0 o 0o o0 o0 o0 o0 o001 00 o001 004 00l 0
b 0 o o o o 6 o o o o 0 ) o 00 001 0
c 0 0 ) o o ) o o o o oo 0 0o ool 0 0
d 001 00l 00 o o 6 0 0 0 005 005 003 003 006 002 0
e 001 002 002 0 0O 6 0 0 0 002 002 001 001 005 003 00l
£ 0 o o o o o o o o o ) 0 0 ) 0 0
s 0 o o o o o o0 o0 o o 0 0 0 0 0 0
T2 0 o o o0 o o 0 o0 o o 0 0 0 ool 0 0
b 0 o o o o 0o o o o o 0 ) ) 0 0 0
c 0 o o o o o o o o0 o 0 ) 0 0 0 0
a 0 o o o o o o o 0 003 o0l 0o o001 00l ) 0
e 0 o o o o o o o o o0 0 0 0 002 o001 0
£ 0 6 o o o 6 o o o o 0 0 0 0 0 0
2 0 c o o0 o c o o o o 0 0 0 0 0 0
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Table 4.1-8. Joint Frequency Distributions for the 200 Areas 10 m Tower, 1983-1996 Data

(Hoitink and Burk 1997).
of Time Wind Blows from the 200 Area Toward the Direction Indi 4
Average Atmospheric

Wind Speed | Stability Class S SSW SW WSW W WNW NW NNW N NNE NE ' ENE E ESE SE SSE
089 a 028 031 034 025 023 022 018 013 Ol 01 008 007 0l 01 016 021
b 014 015 016 011 O0I1 009 008 005 005 004 004 004 005 007 009 0.2
¢ 015 015 014 01 009 009 009 006 004 004 005 005 006 007 01 0.3
d 087 076 072 055 06 065 064 042 036 031 035 038 049 059 077 083
e 04 029 027 026 03 035 046 041 036 035 044 049 055 066 065 057
f 025 016 0I5 015 0I5 02 025 024 026 029 035 036 043 045 042 033
g 0] 009 01 007 008 008 01 01 0.1 01 014 011 014 015 017 0.5
2.65 a 064 045 035, 032 035 037 034 023 0.17 02 027 02 017 026 06 07
b 026 017 ol 01 01 O0I2 01 007 006 006 009 007 007 014 029 031
c 022 013 01 008 008 009 01 005 005 005 006 006 006 01 025 028
d 064 046 03 027 031 036 043 029 023 024 03 039 055 105 172 LI2
3 029 016 oO.11 01 021 028 035 041 031 029 053 098 168 209 171 077
f 015 007 005 006 009 0I1 03 033 "031 037 065 123 174 18 157 059
g 004 003 002 002 004 004 013 018 0.19 02 032 065 068 078 069 0.19
47 a 019 022 011 004 004 003 004 004 005 ©0I3 031 036 021 023 061 03
b 004 004 003 002 001 00l 00I 001 001 004 006 01 008 009 022 0.09
¢ 004 003 002 001 0 0 001 001 002 004 005 008 007 008 02 009
d 014 013 006 004 005 004 007 009 011 019 034 0652 057 LI 145 037
e 007 006 004 002 002 002 006 01 0I1 015 037 066 109 195 178 025
f 002 001 001 001 001 001 004 009 004 003 008 03 033 053 072 011
g 0 0 0 0 0 0 002 004 001 002 004 018 01 016 032 003
7.15 a 003 006 004 001 0 0 001 001 002 006 023 033 015 017 044 0.11
b 001 001 001 0 0 0 0 0 001 003 006 008 003 005 012 002
c 001 001 001 0 0 0 0 0 001 002 004 007 003 003 008 002
d 003 005 003 001 0 0 001 003 006 016 038 035 024 06 085 O0.I1
¢ 001 005 002 0 0 0 0 002 005 O0I1 025 023 015 047 093 006
f 0 0 0 0 0 0 0 001 0 0 001 002 001 001 002 0
g 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
9.8 a 0 001 00! 0 0 0 0 0 0 002 008 011 004 002 015 002
b - 0o 001 0 0 . 0 0 0 0 0 001 003 003 001 001 004 0
c 0 0 0 0 0 0 0 0 0 001 002 00 00! 001 003 0
d 001 002 0 oot 0 [ 0 0 001 008 016 009 003 011 026 002
¢ 0 002 00l 0 0 0 0 0 001 005 007 004 001 005 018 001
£ 0 0 0 o o o o o o 0 o 00 0 ° ° 0
g 0 0 0 0 (1 0 0 0 0 0 0 0 0 0 0 0
127 a 0 0 0 [) 0 0 0 [ 0 o 001 002 0 0 o0l 0
- b 0 0 0 0 0 0 ° 0 0 o 001 0 0 0 0 0
¢ 0 0 0 0 0 0 0 0 0 o 001 0 0 0 0 0
d 0 0 0 0 0 0 0 0 0 003 004 002 001 001 001 0
¢ ) 0 0 0 ] 0 0 0 0 002 o001 001 0 0 001 0
f 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
g 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
15.6 a 0 0 0 0 0 0 0 0 ] 0 0 0 0 0 [} 0
b 0 0 0 0 0 0 0 0 0 0 0 0, 0 0 0 0
c 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
d 0 0 0 0 0 0 0 0 0 ] 0 ° 0 0 0 0
¢ 0 0 0 0 0 0 (i 0 0 0 0 0 0 0 0 0
£ 0 (i 0 0 0 0 0 0 0 o o 0 0 0 0 0
g 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
19 a 0 0 0 0 [} 0 0 0 0 0 0 0 0 0 0 0
b 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
c 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
d 0 ° 0 0 0 0 0 0 0 0 [ 0 0 0 0 0
¢ 0 0 0 0 0 0 0 0 0 0 0 0 o 0 0 0
f 0 0 0 0 0 0 0 0 0 0 ] (] 0 0 0 0
g 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Table 4.1-9. Joint Frequency Distributions for the 200 Areas 61 m Tower, 1983-1996 Data
(Hoitink and Burk 1997).

Percentage of Time Wind Blows from the 200 Area Towsrd the Direction Indicated

Average Atmospheric
Wind Speed{ Stability Class S SSW SW WSW W WNW NW NNW N NNE NE ENE E ESE SE SSE

0.8% a 011 013 015 011 011 012 007 005 003 002 004 003 005 003 005 007
b 009 009 008 007 007 006 006 003 002 003 002 002 002 003 005 007

c 009 008 01 008 007 006 006 004 002 002 002 002 003 004 004 008

d 058 053 051 043 045 049 052, 035 024 022 022 02 027 035 044 054

3 029 022 02 018 022 028 032 025 018 017 017 017 023 025 031 032

f 02 013 012 011 014 014 019 014 013 012 013 012 017 019 023 021

g 007 005 005 005 006 007 0.1 007 007 006 008 009 009 011 012 0.1

265 a 0.61 05 046 041 043 041 043 03 02 018 018 017 012 016 043 058
b 0.25 02 016 012 014 013 012 01 007 006 007 005 006 009 022 027

c 023 016 013 009 0.1 01 012 007 005 006 006 005 004 008 021 028

d 079 056 039 032 039 037 05 034 022 023 024 025 035 063 129 1.1

c 037 023 018 016 022 023 034 034 018 018 025 034 05 08 095 066

f 028 013 011 008 01 0I2Z 022 023 018 017 023 03 053 079 081 0.6

g 009 005 004 003 004 003 008 011 0. 01 013 019 033 041 032 023

4.7 a 032 029 018 008 008 006 000 009 009 015 028 027 014 019 064 041
b 009 008 004 003 003 002 002 003 003 004 008 009 005 009 028 015

c 006 005 003 002 002 00! 002 002 002 004 005 007 005 007 021 013

d 02 016 009 006 008 008 013 014 012 016 026 031 031 083 155 048

I3 0.21 01 009 006 005 008 015 021 013 015 027 054 095 172 152 045

f 014 006 004 002 004 003 0.09 02 008 006 015 035 078 134 141 049

g 0.04  0.01 0 0 0 0 003 005 003 003 006 015 033 047 064 027

7.15 a 005 011 007 002 001 0 001 002 002 009 029 037 015 016 043 0.1
b 002 002 002 001 0 0 0 001 001 003 005 009 004 006 014 003

c 001 001 00! 0 0 0 0 00l 001 003 005 007 004 005 012 002

d 006 008 004 002 001 001 004 008 008 017 034 046 039 085 118 015

3 007 005 004 002 002 001 005 01 009 014 031 064 09 211 171 015

f 004 003 003 00t 001 0 003 008 003 003 006 023 039 038 13 015

g 0 0 0 0 0 0 002 004 00! 0 001 005 008 02 061 0.1

9.8 a 001 003 004 001 0 0 0 0 001 003 016 021 006 0l 031 003
b o o0l 0 0 0 0 0 0 0 001 005 005 001 003 008 001

c 0 0 0 0 0 0 0 0 0 001 004 004 002 003 005 001

d 002 003 002 001 0 0 0 002 004 O0I1 029 028 015 051 068 004

e 002 004 002 0 0 0 00l 002 004 009 024 028 02 078 104 003

f 0 0 0 0 0 ] 0 001 001 0 002 003 004 008 019 001

g 0 0 0 0 0 0 0 0 0 0 0 0 001 003 008 0

127 a 0 0 001 0 0 0 0 0 0 002 009 01 002 002 016 001
b . 0o 001 0 0 0 0 0 0 0 001 004 003 001 001 005 0

c 0 0 0 0 0 0 0 0 0 001 002 002 0 001 004 0

d 001 002 001 00 0 0 ¢ 001 001 01 023 012 004 024 048 001

c 0 002 001 0 0 0 0 0 002 007 013 008 004 019 039 0

f 0 0 0 0 0 0 0 0 0 0 0 001 0 0 0 0

g 0 0 0 [ 0 0 0 0 0 0 0 0 0 0 0 0

156 a 0 0 0 0 0 0 0 0 0 0 002 002 (i 0 002 [
b 0 0 0 0 0 0 0 0 0 0 001 001 0 6 001 0

¢ 0 0 0 0 0 0 0 0 0 0 001 001 0 0 001 0

d 0 0 0 0 0 0 0 0 0 004 008 003 001 003 006 0

e 0 0 0 0 0 0 0 0 0 003 004 001 001 003 005 0

£ 0 0 0 0 0 0 0 [} 0 0 0 0 0 0 0 0

g 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

19 a 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
b 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

c 0 0 0 0 0 0 0 0 [ 0 0 0 0 0 0 0

d o ‘o 0 0 0 0 0 0 0 001 003 00! 0 0 0 0

e 0 0 0 0 0 0 0 0 0 001 001 0 0 0 0 0

f 0 0 [ 0 0 0 0 0 0 0 0 0 0 0 0 0

g 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Table 4.1-10. Joint Frequency Distributions for the 300 Area 10 m Tower 1983-1996 Data

(Hoitink and Burk 1997).
Average Atmospheric Percentage of Time Wind Blows from the 300 Area Toward the Direction Indicated
Wind Speed|  Stability Class
S SSW SW WSW W WNW NW NNW "N NNE NE ENE E ESE SE SSE
089 |3 008 006 008 o1 oIl 011 0I2 0l 008 006 005 004 003 003 006 007
b 006 005 003 004 006 005 007 005 004 003 004 004 003 003 004 006
c 005 003 004 004 005 006 007 006 004 003 002 003 003 002 004 005
d 035 021 017 017 022 037 04 043 038 036 037 03 03 028 042 049
3 034 018 013 013 0I9 034 051 056 057 046 046 04 044 047 054 049
f 026 016 0I2 008 015 026 048 051 051 037 037 032 032 04 048 045
I 017 008 004 004 008 011 02 022 021 016 017 014 015 0.8 025 023
265 |a 0.23 03 039 041 055 056 053 027 021 026 026 016 008 005 008 0.19
b 013 015 013 015 019 021 026 015 011 013 O0I1 006 003 003 004 O0.I1
c 013 013 01 012 0I5 019 024 013 011 012 011 005 002 003 006 0.2
d 099 053, 032 034 057 1 134 073 066 067 056 037 023 024 061 12
3 107 034 009 01 025 107 177 106 106 076 061 045 035 042 069 122
f 065 015 003 002 01 092 182 097 066 042 025 014 014 018 042 08I
ls 029 005 001 0 003 033 08 04 022 012 007 004 004 006 019 037
47  |a 027 052 035 009 O0Il1 021 027 013 019 047 058 029 008 006 009 0.4
b 011 016 008 003 003 008 009 005 009 022 023 O0Il 004 002 004 008
c 011 014 008 003 002 006 01 005 007 0I6 02 009 002 001 005 009
d 075 046 024 009 01 021 04 025 04 087 092 05 02 014 045 09
c 103 034 006 004 005 025 034 022 049 08 092 052 021 017 044 079
f 077 022 002 002 003 024 026 01 023 036 033 0I3 004 003 008 039
le 042 012 0 0 001 012 0I5 004 007 011 009 003 001 0 002 0.6
75 | 012 016 004 0 0 0 002 001 005 028 056 041 011 004 009 009
b 004 004 001 0 0 o oot 0 002 012 016 01 003 002 003 004
c 003 003 001 O 0 0 001 001 00f 01 016 009 003 001 003 004
d 015 oll 003 001 001 002 003 003 0I4 049 07 039 015 007 038 04
3 014 007 004 002 001 001 003 002 009 032 056 025 009 005 026 028
£ 005 003 002 002 0 0 (] 0 002 008 015 005 001 0 002 005
ls 003 002 0 0 0 0 0 0 002 004 006 001 0 0 0 001
9.8 a 0.01 0.03 0 [} 0 0 0 0 001 009 017 015 007 001 003 002
b 001 00l 0 0 [ 0 ] 0 001 003 005 004 002 0 002 001
c 0.01 0 0 0 0 0 0 0 001 002 0064 004 001 0 001 001
d 002 001 001 0 0 0 0 0 002 015 028 014 007 001 016 009
e 002 003 002 001 0 0 0 0 001 009 024 005 002 001 008 004
f 0 0 0 0 0 0 ] 0 0 001 004 0o 0 0 0 0
le 0 0 0 0 0 0 0 0 0 001 002 [ ) 0 0 0
127 |2 [) [) 0 ) 0 [) 0 [ 0 001 004 003 002 [ [ 0
b 0 0 0 0 0 0 ] 0 0 0 002 001 0 0 0 0
c 0 0 0 0 0 0 0 0 0 001 002 [ ] 0 0 0
d 001 001 0 0 0 0 0 0 001 005 0I5 004 002 001 003 002
e o 001 0 0 0 0 0 0 0 004 012 001 0 0 001 0
f 0 0 0 0 0 ] 0 0 ] 0 001 o o 0 0 0
ls 0 0 0 0 0 0 0 0 0 0 001 0o o 0 0 0
156 |a 0 0 0 0 0 0 0 0 [} 0 001 0 0 0 0 0
b 0 0 0 0 0 0 0 0 0 [ 0 0o 0 o0 0
c 0 (i 0 0 0 0 0 0 0 001 o0l o 0 0 0 0
d 0 0 0 0 0 0 0 0 0 002 005 001 001 0 0 0
3 0 0 0 0 0 0 0 (i 0 001 003 o 0 0 o 0
f 0 ¢ 0 0 0 0 0 0 0 0 0 o 0 0 0 0
g 0 0 0 0 0 0 0 0 0 0 0 [ 0 0 0
19 a 0 0 0 0 0 0 0 0 0 0 0 0 0 [} 0 0
b 0 0 0 0 0 0 ] 0 0 0 0 o 0 0 0 0
c 0 0 0 0 0 0 0 0 0 0 0 o o 0 0 0
d 0 0 0 0 0 0 0 0 0 o001 001 o o0 0 0 0
3 0 0 0 0 0 0 0 0 0o o001 0 o o 0 0 0
£ 0 0 0 0 0 0 o 0 0 0 0 o o ) 0 0
ﬁ; 0 0 0 0 0 0 0 0 0 0 0 [ ) 0 0 0
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Table 4.1-11. Joint Frequency Distributions for the 300 Area 61 m Tower, 1983-1996 Data

(Hoitink and Burk 1997).
Average Atmospheric Per of Time Wind Blows from the 300 Area Toward the Direction Indicated
Wind Speed | Stability Class
S SSW SW WSW W WNW NW NNW N NNE NE ENE E ESE SE SSE
088 |1 008 007 007 009 01 011 013 011 009 005 005 004 004 003 005 006
b 006 005 003 004 004 006 007 005 004 003 002 003 003 003 003 004
c 004 004 004 003 005 005 005 006 004 003 002 002 002 003 003 004
d 03 023 018 017 024 031 03 034 028 018 02 017 018 017 027 031
I3 03 022 017 015 02 025 03 034 035 027 023 019 02 022 025 031
£ 025 019 018 014 016 023 033 03 028 02 021 016 017 02 021 024
01 008 006 004 007 01 015 013 014 011 01 008 01 01 012 014
265 |a 025 027 036 039 052 054 049 029 019 023 022 013 006 004 006 015
b 015 0I3 013 014 018 019 024 016 012 011 01 007 003 003 003 009
c 014 012 01 0Il 016 019 022 014 01 OIl 009 006 002 002 003 009
d 089 057 036 036 051 071 106 07 052 053 046 029 019 017 034 075
¢ 083 044 015 01 022 045 086 081 078 07 062 043 034 036 04 064
f 0.56 03 008 004 013 046 087 082 074 052 034 026 02 011 023 043
3 028 011 003 001 003 023 046 034 027 016 01 007 006 006 01 023
47 a 0.25 056 037 012 011 021 034 0.17 02 044 057 025 008 004 007 0.1
b 012 019 01 004 004 008 012 006 007 021 021 0I12 003 002 003 007
c 012 017 011 004 002 007 011 006 007 016 019 008 002 001 004 007
d 08 055 025 013 0I3 027 055 03 034 076 079 045 02 015 03 071
e 101 035 008 007 008 027 059 042 06 093 087 06 035 027 043 0385
f 08 027 002 002 004 025 066 032 04 053 047 025 009 004 008 039
041 0.13 0 0 001 012 034 012 014 016 012 005 002 001 002 017
715 L 016 027 007 001 0 001 003 002 004 032 061 045 011 005 007 008
b 006 007 001 0 0 001 001 001 002 014 019 01 004 002 003 005
c 004 005 001 o 0 0 002 001 002 011 017 01 002 001 002 004
d 036 019 004 001 001 003 008 007 018 058 079 047 0.8 012 036 051
3 06 017 005 002 002 008 O0I8 011 018 05 097 065 025 016 044 063
£ 048 015 003 002 001 005 011 004 006 022 037 02 004 001 006 03
Is 031 007 0 0 0 00f 003 001 002 006 01 004 001 0 002 014
9.8 2 004 005 o001 0 0 0 0 0 001 0I1 022 025 01 002 005 003
b 002 001 0 0o o 0 0 0 001 003 006 005 002 001 002 001
¢ 001 001 0 o o0 0 0 0 0 003 006 005 002 00f 002 00!
d 007 004 002 001 0 001 002 001 003 022 037 028 012 005 029 019
3 008 005 004 001 001 00l 001 002 003 O0I7 05 025 009 004 029 019
f 005 001 002 002 O 0 0 0 001 005 014 006 001 0 001 004
g 002 001 0 0 0 0 0 0 0 002 005 0.02 0 0 0 001
127 |a 0 002 001 o 0 0 0 [ 0 003 009 007 006 0 001 001
b o ool 0 o 0 (i 0 0 0 001 004- 003 002 o 00! 0
c 0 0 0 0 0 0 0 0 0 0 004 003 001 0 001 001
d 001 002 001 o 0 0 0 0 001 01 026 011 006 001 013 004
e. 001 002 002 001 0 0 0 0 -001 007 024 006 002 002 009 002
N3 0 0 o001 001 0 0 0 ) 0 001 005 001 o 0 0 0
g 0 0 0 0 0 0 0 0 0 0 003 0 0 0 0 0
156 |a [ 0 ) 0 0 [) 0 0 [} 0 002 001 001 [) 0 0
b 0 0 0 o o0 0 0 0 ¢ 0 001 0 0 o 001 0
c 0 0 0 o 0 0 0 0 0 0 002 001 0 0 0 0
d 0 00t 0 o 0 0 0 0 0 002 0I3 002 001 0 001 001
I3 6 001 o001 o o0 0 0 0 0 003 o1 001 0 0 001 0
£ 0 0 0 o 0 0 0 0 0 o 0 0 0 0 0 0
le 0 0 0 0 0 0 0 0 0 0 001 0 0 0 0 0
19 a [ [} 0 ) [ 0 [ ) 0 002 ) 0 ) [} 0
b 0 0 0 o 0 0 0 0 0 o o0 0 0 0 0 0
¢ 0 0 0 o 0 0 0 0 0 0 001 0 0 0 0 0
d 0.01 0 0 o 0 0 0 0 0 001 009 001 001 0 0 0
3 0 001 001 o 0 0 0 0 0 001 006 0 0 0 0 0
£ 0 0 0 o o0 ] 0 0 0 o 0 0 0 0 0 0
g 0 0 0 0 0 0 0 0 0 0 001 0 0 0 0 0
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Table 4.1-12. Joint Frequency Distributions for the 400 Area 10 m Tower, 1983-1996 Data

(Hoitink and Burk 1997).
Average Atmospheric Percentage of Time Wind Blows from the 400 Area Toward the Direction Indicated
Wind Speed |  Stability Class -
S SSW SW WSW W WNW NW NNW N NNE NE ENE E ESE SE SSE
0.89 a 0.1 0.12 01 012 012 015 012 009 0.1} 009 008 006 0.05 006  0.07 0.1
b 005 006 006 006 006 006 007 005 005 005 004 003 003 003 005 005
c 004 005 006 005 005 006 007 005 004 0064 004 003 003 003 004 006
d 0.35 0.33 03 025 026 033 037 036 034 032 031 023 024 031 04 039
3 029 025 022 017 022 024 026 027 035 038 038 032 032 034 039 038
I3 0.28 024 018 014 0I5 015 018 02 03 02 029 024 023 027 028 027
le 0.15 011 007 006 0056 007 008 005 0I2 013 011 009 0.11 011 014 012
2.65 2 0.35 0.41 0.4 03 03 039 046 042 05 039 02 O0I3 015 016 019 023
b 016 015 0I3 009 O0Il 011 016 018 018 016 008 005 005 005 009 013
c 0.14 013 012 007 008 009 014 016 017 012 006 004 005 006 o1 o
d 067 059 054 033 032 037 073 09 087 074 04 026 033 054 097 091
I3 06 049 036 02 017 025 062 1 LI2 L1 068 046 054 072 L1 084
f 057 056 032 0312 01 0I5 042 076 091 079 046 025 022 035 07 064
g 0.31 029 014 005 004 005 014 031 034 026 016 008 008 016 033 031
47 2 035 039 021 007 007 007 013 018 053 068 029 018 017 017 024 023
b 012 011 006 002 002 003 005 008 02 028 0@ 005 004 003 009 0.l
c 009 011 006 001 002 002 005 007 016 022 0038 004. 008 004 009. 0.1
d 035 031 022 008 005 008 028 054 08 114 044 021 025 056 1.08 0.7
3 022 02 01 003 002 003 029 09 098 LI3 055 025 031 08 154 068
f 017 017 007 002 0 001 022 091 075 063 021 006 006 018 073 051
g 008 008 002 0 0 001 01 046 029 02 006 001 0.01 005 032 022
7.15 a 0.08 0f 007 001 0 001 001 002 013 059 041 021 016 012 019 011
b- 0.03 0.03 0.0 0 0 0 001 001 004 022 01 007 004 004 006 003
< 002 002 001 0 0 0 001 001 004 019 01 005 003 004 005 003
d 009 009 004 001 0 00F 005 006 027 08 051 022 016 032 067 018
3 0.03 006 0.03 0 0 001 002 008 02 067 045 016 0.09 03 06 013
I3 0.01 001 001 0 0 0 001 006 011 028 011 002 001 001 005 0.03
lg 0 0 0 0 0 0 001 005 006 011 004 001 0 0 002 001
9.8 2 0.01 003 0.02 o 0 0 0 0 001 011 018 013 0.07 004 006 001
b 0o ool 0 0 ] 0 0 0 001 003 005 003 002 001 003 0
c 0 0 0 0 0 0 0 0 0 002 0064 002 001 001 003 001
d 0.01 003 001 001 0 0 0 0 002 019 027 012 005 01 02 002
3 0 o004 o001 0 0 0 0 0 001 016 021 005 002 005 011 001
I3 0 0 0 0 0 0 0 0 0 002 003 0 0 0 (] 0
le 0 0 0 0 0 0 0 0 001 002 002 0 0 0 0 0
12.7 2 0 0 0 0 0 [) ) 0 0 001 005 003 001 001 001 0
b 0 0 0 0 0 0 0 ] 0 o001 002 0 0 0 0 0
c 0 0 0 0 0 0 0 0 0 0 002 001 0 0 001 0
d o 001 0 0 (] 0 0 0 0 005 017 004 0.01 001 004 0
3 0 001 00! 0 0 0 0 0 0 005 007 001 0 001 002 0
f (] 0 0 0 0 0 0 0 0 0 001 0 0 0 0 0
g 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
15.6 a 0 0 0 0 0 0- 0 0 0 0. 002 0 0 0 0 0
b 0 ] 0 0 0 0 0 0 0 0 0 0 0 0 0 0
c 0- 0 0 0 0 0 0 0 0 0 001 0 0 0 0 0
d (1] (] ] 0 0 0 0 0 0 001 004 001 001 0 0 0
3 0 0 001 0 0 0 0 [ 0 001 002 0 0 0 0 0
£ 0 0 0 0 0 0 0 0 ] 0 0 0 0 0 0 0
Iz 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
19 a 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
b (] 0 ] 0 0 0 0 0 0 0 0 0 0 0 0 0
" e (1] 0 0 0 0 0 0 0 0 0 ()] 0 0 0 0 0
d 0 0 0 0 0 0 0 0 0 0 001 0 0 0 0 0
3 0 0 0 0 0 (] 0 ] 0 0 001 0 0 0 0 0
f 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 i
Iz 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Table 4.1-13. Joint Frequency Distributions for the 400 Area 61 m Tower, 1983-1996 Data

(Hoitink and Burk 1997).
Average Atmespheric Percentage of Time Wind Blowss from the 400 Area Toward the Direction Indicated
Wind Speed| Stability Class
S SSW SW WSW W WNW NW NNW N NNE NE ENE E ESE SE SSE
089 |y 008 009 0l 0095 01 012 01 009 009 007 006 005 006 004 007  0.07
b 005 004 006 005 006 005 005 005 005 003 004 003 003 004 005 004
c 004 003 005 004 005 006 005 004 003 004 003 002 002 003 004 005
d 022 021 019 019 023 023 031 03 025 021 022 017 018 019 022 023
3 018 017 014 013 015 016 022 022 025 021 022 021 019 017 0.8 0.2
£ 015 014 013 013 0I3 015 019 02 022 019 018 0I5 015 015 013 016
le 007 006 006 006 006 006 007 005 009 006 006 005 007 005 006 006
265 |a 027 031 032 023 024 029 036 033 035 028 017 011 011 0I3 0.15 02
b 012 013 o1l 008 009 01 015 016 016 015 007 005 005 005 0.1 0.12
c 011 011 O0I2 007 007 0095 012 014 0I6 01 006 005 005 006 008 011
d 05 051 048 034 031 037 057 074 07 054 03 024 024 036 065 06l
e 041 035 029 02 021 02 036 054 065 054 048 04 043 047 057 052
3 04 039 026 013 0@ 016 028 057 062 047 036 026 028 027 037 041
Is 02 018 0.1 005 003 005 013 028 029 019 012 008 009 009 0.15 018
47 |a 034 04 025 009 006 006 014 02 047 061 023 014 012 017 02 021
b 013 014 009 003 002 002 007 009 02 023 0I1 005 003 004 008 0.1
c 009 012 009 002 002 003 006 005 - 017 021 007 003 003 004 008 0.1
d 042 044 036 013 01 Ol 033 046 073 037 043 016 021 033 085 065
¢ 034 03 021 009 006 007 035 061 079 08 068 033 035 061 104 063
£ 03 025 014 005 .003 003 022 054 064 06 044 013 O0I1 019 054 055
(S 018 015 007 001 0 001 01 029 027 022 013 003 003 006 024 033
715 f{a 014 016 009 0.01 0 001 003 003 013 059 039 017 013 011 019 013
b 004 004 002 001 0 0 00! 001 006 023 0I1 005 003 004 008 007
c 004 004 002 0 o 0 002 002 006 019 009 004 003 004 006 004
d 014 015 006 002 001 001 012 017 039 095 052 021 015 034 088 037
(3 014 011 007 001 001 001 O0I7 028 044 1 079 023 019 074 152 048
£ 0.13 01 006 002 001 0 001 021 033 056 039 005 003 015 067 043
ls 0.05 003 001 0 0 0 003 007 0I5 02 011 002 001 005 027 021
98 |a 002 006 004 0.01 0 0 0 0 002 016 025 016 008 006 0.1 0.04
b 001 002 001 0 0 0 001 001 001 006 006 005 002 001 004 002
c 001 001 001 0.01 0 0 o 0 001 006 005 003 002 002 004 002
d 003 005 003 001 001 001 003 003 01 036 039 017 01 022 065 0.1
3 004 006 0.05 001 001 001 002 004 011 044 046 015 008 05 106 011
£ 002 002 003 001 001 001 001 002 0064 0I9 016 002 00l 006 025 008
g 0 0 0 0 0 0 0 001 002 0.1_006 001 0 003 0.1 0.03
27 |a 0 002 002 0 0 0 0 0 0 004 008 009 004 001 004 0
b 0 002 0 0 o 0 0 0 0 002 004 002 001 001 002 0
c 0 0 0 0 o 0 0 0 0 00z 003 002 001 0 002 o
d 001 002 001 0.01 0 0 001 001 001 012 026 009 004 009 032 005
3 001 003 001 0.01 0 0 001 002 002 016 027 008 002 008 028 003
f 0 001 0 0 0 0 0 001 001 003 006 001 001 0 001 0.01
g 0 0 0 0 0 0 0 0 001 002 002 0 0 0 0 0
156 |a 0 0 0 0 0 0 0 0 0 001 002 002 0 0 001 0
b 0 0 0 0 0 0 0 0 0 0 001 001 0 0 001 0
c 0 0 0 0 0 0 0 0 0 001 002 o0l 0 0 0 0
d 0 0 001 0 0 0 0 0 0 006 014 004 001 001 004 001
3 0 001 001 0 0 0 0 0 001 006 01 003 0 001 005 002
£ 0 0 0 0 0 0 0 0 0 001 001 0 0 0 0 0
ls 0 0 0 0 0 0 0 0 0 00} 0 0 0 0 0 0
19 a 0 0 0 0 0 0 0 0 0 00t 002 0 0 0 0 0
b 0 0 0 0 0 0 0 0 0 o o001 0 0 0 0 0
c 0 0 0 0 o 0 0 0 o 001 001 0 0 0 [ 0
d 0 0 ° 0 0 0 0 0 0 002 009 001 001 0 0 0
3 0 o 001 0 0 0 0 0 0 004 005 001 0 0 001 0
I3 0 0 0 0 o 0 0 0 0 o o 0 0 o 0 0
I3 0 0 0 0 0 0 0 0 0 [ ) 0 0 0 0 0
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NNAN—00000000
TN OCOHRODOVURE~IA A WN
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NASAR:
A TR PETEEN

Distance
(km)
0.1
0.2
03
04
0.5
0.6
0.7
0.8
0.9
1.0
24
4.0
5.6
72
12.1
24,1
403
56.3
724

S
2.3E-04
6.3E-05
3.0E-05
1.8E-05
1.2E-05
8.6E-06
6.5E-06
5.1E-06
4.2E-06
3.5E-06
8.0E-07
3.6E-07
2.2E-07
1.5E-07
74E-08
2.9E-08
1.4E-08
9.2E-09
6.6E-09

s
1.4E-09
2.6E-07
4.9E-07
4.1E-07
3.1E-07
2.6E-07
2.3E-07
2.2E-07
2.1E-07
2.1E-07
1.5E-07
1.0E-07
74E-08
5.7E-08
3.3E-08
1.5E-08
8.2E-09
5.5E-09
4.1E-09

Table 4.1-14.

SSW
1.5E-04
4.1E-05
1.9E-05
1.2E-05
7.7E-06
5.6E-06
4.2E-06
3.3E-06
2.7E-06
2.2E-06
5.2E-07
24E-07
1.4E-07
9.9E-08
4.8E-08
1.8E-08
9.3E-09
5.9E-09
4.3E-09

SwW
1.6E-04
4.3E-05
2.1E-05
1.2E-05
8.2E-06
5.9E-06
4.5E-06
3.5E-06
2.9E-06
2.4E-06
5.5E-07
2.5E-07
1.5E-07
1.1E-07
5.2E-08
2.0E-08
1.0E-08
6.4E-09
4.6E-09

Table 4.1-15.

SSwW

SW

X /QpValues (sec m™) for Chronic Ground-Level Releases from 100-N Area Based on 1983 Through 1991

Wsw
1.9E-04
5.2E-05
2.5E-05
1.5E-05
1.0E-05
7.3E-06
5.5E-06
4.4E-06
3.5E-06
2.9E-06
6.8E-07
3.1E-07
1.9E-07
1.3E-07
6.4E-08
2.5E-08
1.3E-08
8.0E-09
5.8E-09

X /QpValues (sec m™) for Chronic 60 m Stack Releases from 100-N Area Based on 1983 Through 1991

W

Sector (\

WNW

NW

3.6E-04
1.0E-04
4.8E-05
2.9E-05
1.9E-05
1.4E-05
1.1E-05
8.4E-06
6.8E-06
5.6E-06
1.3E-06
6.0E-07
3.6E-07
2.5E-07
1.2E-07

- 4.7E-08

2.4E-08
1.5E-08
1.1E-08

2.3E-04
64E-05
3.1E-05
1.8E-05
1.2E-05
8.8E-06
6.7E-06
5.3E-06
4.3E-06
3.6E-06
8.3E-07
3.8E-07
2.3E-07
1.6E-07
7.6E-08
2.9E-08
1.4E-08
9.2E-09
6.6E-09

1.9E-04
5.2E-05
2.5E-05
1.5E-05
1.0E-05
7.2E-06
5.5E-06
4.3E-06
3.5E-06
2.9E-06
6.7E-07
3.1E-07
1.9E-07
1.3E-07
6.2E-08
2.4E-08
1.2E-08
7.5E-09
5.3E-09

1.3E-04
3.7E-05
1.8E-05
1.0E-05
7.0E-06
5.1E-06
3.8E-06
3.0E-06
2.5E-06
2.1E-06
4.7E-07
2.1E-07
1.3E-07
9,0E-08
4.3E-08
1.6E-08
8.1E-09
5.2E-09
3.7E-09

1.7E-04
4.7E-05
2.2E-05
1.3E-05
8.9E-06
6.4E-06
4.9E-06
3.9E-06
3.1E-06
2.6E-06
6.0E-07
2.7E-07
1.7E-07
1.1E-07
5.5E-08
2.1E-08
1.0E-08
6.6E-09
4.7E-09

Meteorological Information (Schreckhise et al. 1993)
Wind from 100-N Towards Direction Indicated) '
NNW N NNE

14E-04
3.8E-05
1.8E-05
1.1E-05
7.2E-06
5.2E-06
4.0E-06
3.1E-06
2.5E-06
2.1E-06
4.9E-07
2.2E-07
1.3E-07
9.3E-08
4.5E-08
1.7E-08
8.5E-09
S4E-09
3.9E-09

Meteorological Information (Schreckhise et al. 1993)
Sector (Wind from 100-N Towards Direction Indicated)

Wsw

w

WNW

NW

NNW

N

7.9E-10
1.5E-07
2.9E-07
2.5E-07
1.9E-07
1.6E-07
1.5E-07
1.4E-07
14E-07
14E-07
1.0E-07
6.7E-08
4.8E-08
3.7E-08
2.2E-08
9.9E-09
5.5E-09
3.7E-09
2.7E-09

6.5E-10
1.3E-07
2.5E-07
2.1E-07
1.7E-07
1.5E-07
1.3E-07
1.3E-07
1.2E-07
1.2E-07
9.5E-08
6.5E-08
4.8E-08
3.7E-08
2.2E-08
1.0E-08
5.6E-09
3.8E-09
2.8E-09

4.3E-10
8.3E-08
1.6E-07
1.5E-07
1.2E-07
1.1E-07
1.1E-07
1.1E-07
1.1E-07
1.2E-07
1.1E-07
7.6E-08
5.7E-08
4.5E-08
2.7E-08
1.3E-08
7.3E-09
5.0E-09
3.7E-09

9.4E-10
1.8E-07
3.6E-07
3.2E-07
2.7E-07
24E-07
2.3E-07
2.3E-07
2.3E-07
24E-07
2.2E-07
1.5E-07
L1E-07
8.8E-08
5.2E-08
2.5E-08
1.4E-08
9.3E-09
6.9E-09

6.8E-10
14E-07
2,7E-07
24E-07
2.0E-07
1.9E-07
1.8E-07
1.9E-07
1.9E-07
2.0E-07
1.7E-07
L.1E-07
8.0E-08
6.2E-08
3.5E-08
1.6E-08
8.5E-09
5.7E-09
4.2E-09

5.6E-10
1.1E-07
2.3E-07
2.1E-07
1.8E-07
1.6E-07
1.6E-07
1.6E-07
1.7E-07
1.7E-07
14E-07
9.2E-08
6.6E-08
5.1E-08
2.9E-08
1.3E-08
6.9E-09
4.6E-09
3.4E-09

3.8E-10
7.8E-08
1.6E-07
1.5E-07
1.3E-07
1.2E-07
1.2E-07
1.2E-07
1.2E-07
1.3E-07
1.0E-07
6.7E-08
4.8E-08
3.7E-08
2.1E-08
9.1E-09
4.9E-09
3.3E-09
2.4E-09

5.5E-10
1.1E-07
2.1E-07
1.9E-07
1.6E-07
1.4E-07
1.4E-07
1.5E-07
1.5E-07
1.5E-07
1.3E-07
8.6E-08
6.1E-08
4,7E-08
2.7E-08
1.2E-08
6.4E-09
4.3E-09
3.1E-09

NNE
4.0E-10
7.8E-08
1.5E-07
1.3E-07
1.1E-07
1.0E-07
1.0E-07
1.0E-07
L1E-07
1.1E-07
9.5E-08
6.4E-08
4.7E-08
3.6E-08
2.1E-08
9.3E-09
5.1E-09
3.4E-09
2.5E-09

NE
2.0E-04
5.5E-05
2.6E-05
1.6E-05
1.1E-05
7.6E-06
5.8E-06
4.5E-06
3.7E-06
3.1E-06
7.1E-07
3.2E-07
2.0E-07
1.4E-07
6.6E-08
2.5E-08
1.3E-08
8.0E-09
5.8E-09

NE

ENE
3.1E-04
8.6E-05
4.1E-05
2.5E-05
1.7E-05
1.2E-05
9.1E-06
7.2E-06
5.8E-06
4.8E-06
1.1E-06
5.2E-07
3.1E-07
2.2E-07
LIE-07
4.1E-08
2.0E-08
1.3E-08
9.4E-09

ENE

E
S.1E-04
14E-04
6.8E-05
4.0E-05
2.7E-05
2.0E-05
1.5E-05
1.2E-05
9.5E-06
7.9E-06
1.8E-06
84E-07
5.1E-07
3.6E-07
1.7E-07
6.7E-08
3.4E-08
2.2E-08
1.5E-08

E

7.0E-10
1.4E-07
2.7E-07
2.3E-07
1.9E-07
1.7E-07
1.6E-07
1.6E-07
1.6E-07
1.6E-07
1.3E-07
8.9E-08
6.5E-08
5.0E-08
2.9E-08
1.3E-08
7.2E-09
4.9E-09
3.6E-09

9.4E-10
1.8E-07
3.5E-07
3.0E-07
2.4E-07
2.1E-07
1.9E-07
1.9E-07
1.9E-07
2.0E-07
1.7E-07
1.2E-07

9.0E-08’

7.1E-08
4.2E-08
2.0E-08
1.1E-08
7.4E-09
5.5E-09

1.7E-09
3.3E-07
6.2E-07
5.1E-07
4,0E-07
3.3E-07
3.1E-07
3.0E-07
3.0E-07
3.1E-07
2.7E-07
1.9E-07
1.4E-07
L1E-07
6.6E-08
3.1E-08
1.8E-08
1.2E-08
8.9E-09

ESE
3.2E-04
8.7E-05
4,1E-05
2.5E-05
1.7E-05
1.2E-05
9.1E-06
7.2E-06
5.8E-06
4.8E-06
1.1E-06
5.1E-07
3.1E-07
2.2E-07
1.1E-07
4.1E-08
2.0E-08
1.3E-08
9.4E-09

ESE
14E-09
2.7E-07
5.0E-07
4.2E-07
3.2E-07
2.7E-07
2.4E-07
23E-07
2.2E-07
2.2E-07
1.8E-07
1.2E-07
9.0E-08
7.1E-08
4.2E-08
2.0E-08
1.1E-08
7.4E-09
5.5E-09

SE
2.4E-04
6.5E-05
3.1E-05
1.8E-05
1.2E-05
8.9E-06
6.8E-06
5.3E-06
4.3E-06
3.6E-06
8.3E-07
3.8E-07
2.3E-07
1.6E-07
7.8E-08
3.0E-08
1.5E-08
9.7E-09
7.0E-09

_SE_
1.3E-09
2.4E-07
4.5E-07
3.8E-07
2.9E-07
2.4E-07
2.1E-07
1.9E-07
1.9E-07
1.8E-07
1.4E-07
9.3E-08
6.8E-08
5.4E-08
3.2E-08
1.5E-08
8.5E-09
5.7E-09
4.3E-09

Distance

SSE
2.0E-04
5.5E-05
2.6E-05
1.6E-05
1.1E-05
7.6E-06
5.8E-06
4.5E-06
3.7E-06
3.1E-06
7.1E-07
3.2E-07
2.0E-07
1.4E-07
6.7E-08
2.6E-08
1.3E-08
8.3E-09
6.0E-09

(kem)
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Distance

SSE
1.1E-09
2.1E-07
3.9E-07
3.2E-07
2.5E-07
2.0E-07
1.8E-07
1.7E-07
1.6E-07
1.6E-07
1.2E-07
8.0E-08
5.9E-08
4.6E-08
2.7E-08
1.3E-08
7.2E-09
4.9E-09
3.7E-09

(km)
0.1
02
03
04
0.5
0.6
0.7
0.8
0.9
1.0
24
4.0
5.6
72
12,1
24.1

403 -

563
72.4
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Table 4.1-16 X /Qp Values (sec m™) for Chronic Ground-Level Releases from 200 Areas Based on 1983 Through 1991
Meteorological Information (Schreckhise et al. 1993)

ENE
14E-04
3.9E-05
1.9E-05
1.1E-05
7.5E-06
54E-06
4,1E-06
3.3E-06
2.7E-06
2.2E-06
5.1E-07
2.3E-07
1.4E-07
9.9E-08
4.8E-08
1.9E-08
9.3E-09
6.0E-09
4.3E-09

ENE
5.3E-10
1.0E-07
1.9E-07
1.6E-07
1.2E-07
1.0E-07
9.0E-08
8.6E-08
8.5E-08
8.6E-08
7.9E-08
5.7E-08
4.3E-08
3.4E-08
2.1E-08
9.7E-09
5.4E-09
3.7E-09

_E_
3.8E-04
1.1E-04
5.0E-05
3.0E-05
2.0E-05
1.5E-05
1.1E-05
8.8E-06
7.2E-06
6.0E-06
1.4E-06
6.4E-07
3.9E-07
2.7E-07
1.3E-07
5.1E-08
2.6E-08
1.7E-08
1.2E-08

E
6.6E-10
1.3E-07
2.4E-07
2.0E-07
1.6E-07
14E-07
1.3E-07
14E-07
14E-07
1.5E-07
1.7E-07
1.3E-07
9.8E-08
7.8E-08
4.8E-08
2.4E-08
1.3E-08
9.2E-09

ESE
4.0E-04
1.1E-04
5.3E-05
3.2E-05
2.2E-05
1.6E-05
1.2E-05
9.4E-06
7.6E-06
6.3E-06
1.5E-06
6.7E-07
4,1E-07
2.9E-07
1.4E-07
5.3E-08
2.7E-08
1.7E-08
1.2E-08

ESE
7.0E-10
1.4E-07
2.6E-07
2.2E-07
1.8E-07
1.6E-07
1.6E-07

1.7E-07

1.8E-07
2.0E-07
2.1E-07
1.5E-07
1.1E-07
8.8E-08
5.2E-08
24E-08
1.3E-08
9.1E-09

SE_
2.5E-04
6.9E-05
3.3E-05
2.0E-05
1.3E-05
9.5E-06
7.2E-06
5.7E-06
4,6E-06
3.9E-06
8.9E-07
4.1E-07
2.5E-07
1.7E-07
8.2E-08
3.1E-08
1.6E-08
1.0E-08
7.1E-09

SE
9.1E-10
1.8E-07
3.5E-07
3.0E-07
2.5E-07
2.2E-07
2.1E-07
2.1E-07
2.1E-07
2.1E-07
1.7E-07
L.1E-07
8.2E-08
6.3E-08
3.6E-08
1.6E-08
8.8E-09
5.9E-09

Distance

SSE
1.5E-04
4.0E-05
1.9E-05
1.IE-05
7.5E-06
5.4E-06
4.1E-06
3.2E-06
2.6E-06
2.2E-06
5.0E-07
2.3E-07
1.4E-07
9.4E-08
4.5E-08
1.7E-08
8.6E-09
5.5E-09
3.9E-09

(km)
0.1
02
03
04
0.5
0.6
0.7
038
0.9
10
24
4.0
5.6
7.2
12.1
24.1
40.3
563
724

Distance

SSE
9.0E-10
1.8E-07
3.4E-07
2.9E-07
2.3E-07
2.0E-07
1.8E-07
1.7E-07
1.7E-07
1.7E-07
1.2E-07
7.4E-08
5.2E-08
3.9E-08
2.2E-08
9.5E-09
5.1E-09
3.4E-09

Distance Scctor (Wind from 100-N Towards Direction Indicated)
(km) s SSW  _SW _WSW W _WNW_ NW_ _NNW N NNE_ _NE
0.1 17E-04 10E-04 99E-05 1.0E-04 17E-04 14E-04 16E-04 15E-04 16E-04 9.0E-05 1.1E-04
02 4.6E-05 28E-05 27E-05 27E-05 47E-05 3.8E-05 43E-05 43E-05 4.5E-05 25E-05 3.0E-05
03 22E-05 13E-05 I3E-05 1.3E-05 22E-05 1.8E-05 21E-05 20E-05 2.1E-05 12E-05 14E-05
04 13E-05 7.8E-06 7.5E-06 7.5E-06 1.3E-05 1.1E-05 12E-05 12E-05 13E-05 7.1E-06 8.4E-06
0.5 84E-06 52E-06 S.0E-06 5.0E-06 87E-06 7.1E-06 82E-06 8.1E-06 8.6E-06 4.8E-06 5.7E-06
0.6 6.1E-06 3.7E-06 3.6E-06 3.6E-06 63E-06 5.E-06 S59E-06 59E-06 G62E-06 3.5E-06 4.1E-06
0.7 4.6E-06 28E-06 27E-06 2.7E-06 4.8E-06 3.9E-06 4.5E-06 4.5E-06 4.7E-06 26E-06 3.1E-06
0.8 3.6E-06 22E-06 21E-06 2.1E-06 3.8E-06 3.1E-06 3.5E-06 3.5E-06 3.7E-06 2.1E-06 2.5E-06
09 29E-06 18E-06 1.7E-06 1.7E-06 3.1E-06 2.5E-06 29E-06 29E-06 3.0E-06 1.7E-06 2.0E-06
10 24E-06 15E-06 14E-06 14E-06 25E-06 2.1E-06 24E-06 24E-06 2.5E-06 14E-06 1.7E-06
24  55E-07 34E-07 33E-07 33E-07 58E-07 48E-07 55E-07 55E-07 5.8E-07 33E-07 3.9E-07
40 25E07 15B-07 15E-07 1SE-07 26E-07 22E-07 25E-07 25E-07 27E-07 15E-07 1.8E-07
56 15E-07 9.E-08 89E-08 89E-08 16E-07 13E-07 1.5E-07 L15E-07 1.6E-07 O.1E-08 1.1E-07
72 1.0BE-07 62E-08 6.1E-08 6.1E-08 11E-07 9.1E-08 11E-07 LIE-07 L1E-07 63E-08 7.5E-08
121 49E-08 3.0E-08 29E-08 29E-08 53E-08 44E-08 5.E-08 52E-08 5.5E-08 3.IE-08 3.6E-08
241 19E-08 1.1E-08 1.1E-08 1.1E-08 20E-08 1.7E-08 20E-08 2.0E-08 2.1E-08 12E-08 1.4E-08
403 92E-09 55E-09 55E-09 55E-09 10E-08 84E-09 9.8E-09 L.OE-08 1.1E-08 6.0E-09 7.0E-09
563 59E-09 3.5E-09 3.5E-09 3.5E-09 64E-09 S5.3E-09 63E-09 6.4E-09 69E-09 3.8E-09 4.5E-09
724 4.2E-09 25E-09 2.5E-09 2.5E-09 46E-09 3.8E-09 45E-09 4.6E-09 S5.0E-09 27E-09 3.2E-09
Table 4.1-17. X /Qp Values (sec m™) for Chronic 60 m Stack Releases from 200 Areas Based on 1983 Through 1991
Meteorological Information (Schreckhise et al. 1993)

Distance Sector (Wind from 100-N Towards Direction Indicated
km) _S  _SSW _SW_ _WSW W _WNW_ NW__NNW NE
0.1 15E-09 93E-10 79E-I0 8§7E-10 14E-09 TOE-09 82E-I0 50E-10 49E-I0 Z9E-I0 3.8E-10
02 3.0E-07 18E-07 15E-07 17E-07 28E-07 20E-07 16E-07 9.6E-08 9.5E-08 5.5E-08 6.8E-08
03 5.6E-07 3.5E-07 29E-07 33E-07 53E-07 3.7E-07 30E-07 18E-07 19E-07 1.0E-07 13E-07
04 47E-07 3.E-07 25E-07 28E-07 44E-07 3.E-07 26E-07 16E-07 16E-07 8.6E-08 1.0E-07
05 3.6E-07 24E-07 19E-07 22E-07 3.4E-07 24E-07 20E-07 12E-07 13E-07 6.6E-08 7.8E-08
0.6 3.0E-07 2.1E-07 16E-07 19E-07 2.8E-07 2.0E-07 17E-07 L1E-07 11E-07 S5.6E-08 G6.6E-08
07 2.7E-07 18E-07 15E-07 17E-07 25E-07 18E-07 1.6E-07 10E-07 9.6E-08 53E-08 6.2E-08
08 26E-07 L7E-07 14E-07 16E-07 23E-07 L7E-07 1SE-07 1.0E-07 93E-08 52E-08 6.3E-08
09 25E-07 17E-07 13E-07 15E-07 22E-07 1.6E-07 1S5E-07 10E-07 92E-08 S53E-08 6.5E-08
10 24E07 1.6E-07 13E-07 15E-07 22E-07 1.6E-07 15E-07 11E-07 93E-08 S5.5E-08 6.7E-08
24  15E-07 10E-07 86E-08 89E-08 14E-07 1.E-07 1.1E-07 9.6E-08 87E-08 S52E-08 6.3E-08
40 93E-08 6.0E-08 52E-08 S53E-08 89E-08 7.0E-08 7.4E-08 G68E-08 G64E-08 3.7E-08 4.5E-08
56 64E-08 4.1E-08 3.6E-08 3.6E-08 62E-08 50E-08 54E-08 S.E-08 4.9E-08 2.8E-08 3.3E-08
72 4.8E-08 3.0E-08 27E-08 2.7E-08 4.7E-08 3.8E-08 4.2E-08 4.0E-08 39E-08 22E-08 2.6E-08
121 26E-08 16E-08 14E-08 15E-08 2.6E-08 2.1E-08 24E-08 24E-08 24E-08 1.3E-08 1.5E-08
241 1IE08 6.7E-09 6.1E-09 6.1E-09 1.1E-08 9.6E-09 1.1E-08 12E-08 I[.2E-08 6.2E-09 7.2E-09
403 S5JE-09 3.5E-09 32E-09 33E-09 6.1E-09 S52E-09 G62E-09 66E-09 6.6E-09 3.5E-09 4.0E-09
563 3.7E-09 23E-09 21E-09 21E-09 4.1E-09 3.5E-09 4.2E-09 4.5E-09 4.5E-09 24E-09 2.7E-09
724 2.7E-09 1.JE-09 1.6E-09 16E-09 3.0E-09 26E-09 3.1E-09 34E-09 3.4E-09 18E-09 2.0E-09

2.7E-09

6.9E-09

6.7E-09

4.3E-09

2.5E-09
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72.

29E-04 9.0E-05 S5.IE-05 44E-05 12E-04 2.0E-04 28E-04 23E-04 3.0E-04 19E-04. 19E-04 14E-04 1.78-04 13E-04 1.8E-04 24E-04
7.8E-05 2.5E-05 14E-05 1.2E-05 3.2E-05 S54E-05 7.6E-05 6.2E-05 83E-05 52E-05 53E-05 3.9E-05 4.6E-05 3.7E-05 4.8E-05 6.5E-05
3.8E-05 1.2E-05 6.5E-06 5.6E-06 1.5E-05 2.6E-05 3.7E-05 3.0E-05 4.0E-05 2.5E-05 2.5E-05 1.8E-05 22E-05 18E-05 23E-05 3.1E-05
22E-05 69E-06 3.8E-06 3.3E-06 88E-06 I1.SE-05 22E-05 1.8E-05 24E-05 15E-05 L1.5E-05 1.1E-05 13E-05 1.1E-05 14E-05 19E-05
1.5E-05 4.6E-06 25E-06 22E-06 59E-06 1.0E-05 15E-05 12E-05 I1.6E-05 1.0E-05 10E-05 7.3E-06 8.8E-06 7.IE-06 93E-06 13E-05
JE-05 33E-06 18E-06 1.6E-06 42E-06 74E-06 1.E-05 8.6E-06 12E-05 7.2E-06 73E-06 53E-06 64E-06 S5.1E-06 6.7E-06 9.1E-06
83E-06 2.5E-06 14E-06 12E-06 3.2E-06 5.6E-06 8.1E-06 6.6E-06 8.8E-06 5.5E-06 5.5E-06 4.0E-06 4.9E-06 3.9E-06 5.1E-06 6.9E-06
6.5E-06 2.0E-06 1.lE-06 9.3E-07 25E-06 4.5E-06 64E-06 52E-06 6.9E-06 4.3E-06 44E-06 3.2E-06 3.9E-06 3.1E-06 4.1E-06 5.5E-06
S3E-06 16E-06 8.7E-07 7.6E-07 21E-06 3.6E-06 S52E-06 42E-06 S5.6E-06 3.5E-06 3.6E-06 2.6E-06 3.1E-06 2.5E-06 3.3E-06 4.4E-06
44E-06 1.3E-06 7.2E-07 6JE-07 1.7E-06 3.0E-06 4.3E-06 3.5E-06 4.7E-06 2.9E-06 3.0E-06 22E-06 2.6E-06 2.1E-06 2.7E-06 3.7E-06
10E-06 3.1E-07 1.7E-07 14E-07 39E-07 69E-07 10E-06 8.1E-07 1.IE-06 6.7E-07 6.8E-07 S.0E-07 6.0E-07 4.9E-07 64E-07 85E-07
47E-07 14E-07 75E-08 64E-08 18E-07 3.2E-07 4.6E-07 3.7E-07 S5.0E-07 3.1E-07 3.1E-07 23E-07 2.8E-07 22E-07 29E-07 3.9E-07
2.8E-07 84E-08 4.5E-08 39E-08 I1.1E-07 19E-07 28E-07 23E-07 3.0E-07 19E-07  19E-07 14E-07 17E-07 14E-07 18E-07 24E-07
20E-07 S5.8E-08 3.IE-08 2J7E-08 74E-08 13E-07 20E-07 1.6E-07 2.1E-07 13E-07 13E-07 9.5E-08 12E-07 94E-08 12E-07 1.6E-07
9.6E-08 2.8E-08 1.5E-08 1J3E-08 3.6E-08 6.5E-08 9.5E-08 7.7E-08 1.0E-07 6.3E-08 6.3E-08 4.6E-08 S5.6E-08 4.6E-08 6.0E-08 7.9E-08
3.7E-08 Ll.1E-08 5.7E-09 49E-09 14E-08 25E-08 3.7E-08 3.0E-08 3.9E-08 24E-08 24E-08 18E-08 2.2E-08 1.8E-08 23E-08 3.0E-08
1.8E-08 S5.4E-09 29E-09 24E-09 69E-09 13E-08 1.8E-08 1.5E-08 2.0E-08 12E-08 12E-08 88E-09 1.IE-08 89E-09 1.1E-08 1.5E-08
12E-08 34E-09 1.8E-09 1.6E-09 44E-09 8.0E-09 12E-08 9.5E-09 13E-08 7.6E-09 7.7E-09 S.6E-09 69E-09 5.7E-09 7.3E-09 9.7E-09
84E-09 25E-09 13E-09 I.1E-09 3.2E-09 5.7E-09 8.5E-09 6.8E-09 9.0E-09 S54E-09 5.5E-09 4.0E-09 49E-09 4.1E-09 5.2E-09 6.9E-09

Table 4.1-18. X /Qp Values (sec m™) for Chronic Ground-Level Releases from 300 Area Based on 1983 Through 1991
Meteorological Information (Schreckhise et al. 1993)

Sector (Wind from 100-N Towards Direction Indicated) Distance
S SSW SW WSW W WNW NW NNW N NNE NE ENE E ESE SE SSE  (km)

L.V Dhobua A=

RSP Nuwsavocooooooe
A

Table 4.1-19. X /Qp Values (sec m™) for Chronic 60 m Stack Releases from 300 Area Based on 1983 Through 1991
Meteorological Information (Schreckhise et al. 1993)

Sector (Wind from 100-N Towards Direction Indicated) Distance

S SSwW SW WSW w WNW NW NNW N _NNE _ NE ENE E ESE SE SSE
6.0E-10 5.6E-10 S5.5E-10 4.7E-10 1.0E-09 62E-10 6.6E-10 S54E-10 S$3E-10 S5.SE-10 6.7E-10 52E-10 2.6E-10 12E-10 22E-10 3.2E-10
12E-07 1.1E-07 1.1E-07 9.1E-08 2.0E-07 12E-07 13E-07 1.1E-07 1.1E-07 11E-07 13E-07 1.0E-07 53E-08 2.6E-08 44E-08 6.5E-08
2,5E-07 2.1E-07 2.0E-07 18E-07 3.7E-07 23E-07 26E-07 2.E-07 2.1E-07 2.E-07 25E-07 20E-07 1.IE-07 5.5E-08 9.0E-08 [4E-07
2.3E-07 1.9E-07 1.7E-07 1.5E-07 3.1E-07 20E-07 23E-07 1.8E-07 19E-07 19E-07 2IE-07 1.7E-07 1.1E-07 54E-08 84E-08 14E-07
2.0E-07 1.5E-07 1.3E-07 12E-07 24E-07 1.6E-07 19E-07 1S5E-07 16E-07 16E-07 17E-07 13E-07 9.lE-08 49E-08 7.6E-08 12E-07
1.86-07 13E-07 1.0E-07 99E-08 20E-07 14E-07 17E-07 13E-07 15E-07 14E-07 15E-07 1.1E-07 85E-08 4.8E-08 7.5E-08 1.2E-07
1.8E-07 1,1E-07 8.7E-08 8.7E-08 1.7E-07 |4E-07 17E-07 13E-07 15E-07 14E-07 14E-07 1.1E-07 8.6E-08 5.0E-08 7.9E-08 1.3E-07
19E-07 1.1E-07 79E-08 8.0E-08 1.6E-07 |4E-07 17E-07 13E-07 1.6E-07 14E-07 14E-07 1.1E-07 89E-08 5.3E-08 8.6E-08 14E-07
19E-07 1.IE-07 7.5E-08 7.5E-08 1.5E-07 14E-07 17E-07 13E-07 1.6E-07 14E-07 1.5E-07 1.1E-07 94E-08 5.7E-08 9.3E-08 1.5E-07
2.0E-07 1.0E-07 7.1E-08 7.2E-08 15E-07 14E-07 18E-07 14E-07 17E-07 1.5E-07 15E07 1.1E-07 99E-08 6.1E-08 1.0E-07 1.5E-07
1.5E-07 6.0E-08 3.8E-08 3.6E-08 7.8E-08 1.0E-07 12E-07 1.0E-07 14E-07 1.1E-07 1.1E-07 8.3E-08 8.5E-08 509E-08 8.7E-08 1.2E-07
9.5E-08 3.7E-08 2.3E-08 2.1E-08 4.8E-08 6.7E-08 8.3E-08 7.0E-08 9.6E-08 7.2E-08 7.5E-08 54E-08 5.7E-08 4.1E-08 5.9E-08 8.2E-08
6.8E-08 2.5E-08 1.5E-08 14E-08 3.3E-08 4.8E-08 6.0E-08 S5.0E-08 7.0E-08 5.1E-08 S5.3E-08 3.9E-08 4.1E-08 3.0E-08 4.2E-08 5.9E-08
5.2E-08 19E-08 1.1E-08 I.1E-08 24E-08 3.6E-08 4.6E-08 3.9E-08 54E-08 3.9E-08 4.0E-08 29E-08 3.2E-08 2.3E-08 3.2E-08. 4.5E-08
29E-08 1.0E-08 6.JE-09 S5.5E-09 13E-08 2.0E-08 27E-08 22E-08 3.1E-08 2.1E-08 22E-08 1.6E-08 1.8E-08 13E-08 1.8E-08 2.5E-08
1.3E-08 4.4E-09 26E-09 23E-09 5.7E-09 9.0E-09 12E-08 1.0E-08. 14E-08 9.2E-09 94E-09 69E-09 7.7E-09 §$.9E-09 8.0E-09 1.1E-08
6.9E-09 23E-09 14E-09 12E-09 3.0E-09 4.8E-09 6.6E-09 S54E-09 7.3E-09 49E-09 S5.0E-09 3.7E-09 4.1E-09 3.2E-09 4.3E-09 5.8E-09
4,5E-09 1.5E-09 89E-10 79E-10 2.0E-09 3.2E-09 44E-09 3.6E-09 49E-09 3.2E-09 3.3E-09 24E-09 27E-09 2.1E-09 28E-09 3.8E-09
3.3E-09 I.1E-09 6.5E-10 5.8E-10 1.5E-09 2.3E-09 3.2E-09 2.7E-09 3.6E-09 23E-09 24E-09 1.8E-09 20E-09 1.6E-09 2.E-09 2.8E-09
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(km)
0.1

Lo oohrobowaannniw

NeERPNvwav—~coooo0oe
PN 0

JE-04
8E-05
.8E-05
JE-05
E-05
.0E-06
UE-06
.8E-06
3.9E-06
3.3E-06
7.5E-07
34E-07
2.1E-07
1.5E-07
7.0E-08
2.7E-08
1.4E-08
8.7E-09
6.3E-09

N e = AN

6.3E-07
1.1E-06
9.7E-07
9.3E-07
9.0E-07
8.6E-07
8.1E-07
7.6E-07
7.1E-07
6.6E-07
2.9E-07
1.6E-07
1.0E-07
7.6E-08
3.9E-08
1.6E-08
8.3E-09
5.4E-09
3.9E-09

Table 4.1-20. X /Qp Values (sec m™) for Chronic Ground-Level Releases from 400 Area Based on 1983 Through 1991
Meteorological Information (Schreckhise et al. 1993)

SSW
1.4E-04
3.9E-05
1.8E-05
1.1E-05
7.3E-06
5.3E-06
4.0E-06
3.2E-06
2.6E-06
2.1E-06
4.9E-07
2.2E-07
1.4E-07
9.5E-08
4.6E-08
1.8E-08
8.9E-09
5.7E-09
4.1E-09

SW
9.6E-05
2.6E-05
1.2E-05
74E-06
4,9E-06
3.6E-06
2.7E-06
2.1E-06
1.7E-06
1.4E-06
3.3E-07
1.5E-07
9.1E-08
6.3E-08
3.1E-08
1.2E-08
5.8E-09
3.7E-09
2.7E-09

Table 4.1-21.

SSw

SW

wsw
6.9E-05
1.9E-05
8.9E-06
5.3E-06
3.5E-06
2.5E-06
1.9E-06
1.5E-06
1.2E-06
1.0E-06
2.3E-07
1.1E-07
6.4E-08
4.4E-08
2.1E-08
8.2E-09
4,1E-09
2.6E-09
1.9E-09

w

Sector (\

WNW

NW

Wind from 100-N Towards Direct

on Indicated)

NNW

N

NNE

NE

9.7E-05
2.7E-05
1.3E-05
7.4E-06
5.0E-06
3.6E-06
2.7E-06
2.1E-06
1.7E-06
1.4E-06
3.3E-07
1.5E-07
9.1E-08
6.3E-08
3.0E-08
1.2E-08
5.8E-09
3.7E-09
2.7E-09

8.5E-05
2.3E-05
1.1E-05
6.5E-06
4.3E-06
3.1E-06
2.4E-06
1.9E-06
1.5E-06
1.3E-06
2.9E-07
1.3E-07
8.0E-08
5.5E-08
2.7E-08
1.0E-08
S.1E-09
3.2E-09
2.3E-09

1.2E-04
3.1E-05
1.5E-05
8.9E-06
5.9E-06
4.3E-06
3.3E-06
2.6E-06
2.1E-06
1.7E-06
4,0E-07
1.8E-07
1.1E-07
7.6E-08
3.7E-08
1.4E-08
7.0E-09
4.5E-09
3.2E-09

1.9E-04
5.1E-05
2.5E-05
1.5E-05
9.8E-06

*7.1E-06

5.4E-06
4.3E-06
3.5E-06
2.9E-06
6.7E-07
3.1E-07
1.9E-07
1.3E-07
6.2E-08
2.4E-08
1.2E-08
7.6E-09
5.5E-09

3.1E-04
8.5E-05
4,1E-05
24E-05
1.6E-05
1.2E-05
8.9E-06
7.0E-06
5.7E-06
4,7E-06
1.1E-06
5.0E-07
3.1E-07
2.1E-07
1.0E-07
4.0E-08
2.0E-08
1.3E-08
9.1E-09

2.2E-04
6.0E-05
2.9E-05
1.7E-05
1.2E-05
8.3E-06
6.3E-06
5.0E-06
4.0E-06
3.4E-06
7.8E-07
3.5E-07
2.2E-07
1.5E-07
7.2E-08
2.8E-08
1.4E-08
8.8E-09
6.3E-09

1.5E-04
4,0E-05
1.9E-05
1.1E-05
7.6E-06
5.5E-06
4.2E-06
3.3E-06
2.7E-06
2.2E-06
5.2E-07
2.4E-07
14E-07
1.0E-07
4.8E-08
1.9E-08
9.3E-09
5.9E-09
4.2E-09

ENE
9.9E-05
2.7E-05
1.3E-05
7.7E-06
5.2E-06
3.8E-06
2.9E-06
2.3E-06
1.8E-06
1.5E-06
3.5E-07
1.6E-07
9.8E-08
6.8E-08
3.3E-08
1.3E-08
6.3E-09
4.0E-09
2.9E-09

E
1.5E-04
4.2E-05
2.0E-05
1.2E-05
8.0E-06
5.8E-06
4.4E-06
3.5E-06
2.8E-06
2.3E-06
SAE-07
2.5E-07
1.5E-07
1.0E-07
5.0E-08
1.9E-08
9.6E-09
6.1E-09
4.4E-09

ESE
1.5E-04
4.2E-05
2.0E-05
1.2E-05
8.0E-06
5.8E-06
4.4E-06
3.5E-06
2.8E-06
2.3E-06
54E-07
2.5E-07
1.5E-07
1.0E-07
5.0E-08
1.9E-08
9.5E-09
6.0E-09
4.3E-09

SE
2.1E-04
5.8E-05
2.8E-05
1.7E-05
1.1E-05
8.1E-06
6.2E-06
4.9E-06
4.0E-06
3.3E-06
7.6E-07
3.5E-07
2.1E-07
1.5E-07
7.1E-08
2.7E-08
1.4E-08
8.6E-09
6.1E-09

Distance

SSE
1.7E-04
4.8E-05
2.3E-05
14E-05
9.1E-06
6.6E-06
5.0E-06
4,0E-06
3.2E-06
2.7E-06
6.2E-07
2.8E-07
1.7E-07
1.2E-07
5.8E-08
2.2E-08
1.1E-08
7.0E-09
5.0E-09

X /Qp Values (sec m™) for Chronic 30 m Stack Releases from 400 Area Based on 1983 Through 1991
Meteorological Information (Schreckhise et al. 1993)

WSW

W

54E-07
9.4E-07
8.0E-07
7.2E-07
6.6E-07
6.2E-07
S.7E-07
5.3E-07
4.9E-07
4.5E-07
1.9E-07
1.1E-07
6.9E-08
5.0E-08
2.6E-08
1.1E-08
5.5E-09
3.5E-09
2.6E-09

4:3E-07
74E-07
6.3E-07
S.7E-07
5.3E-07
4.9E-07

4,6E-07 .

4.2E-07
3.9E-07
3.6E-07
1.4E-07
7.6E-08
4.9E-08
3.6E-08
1.8E-08
7.3E-09
3.7E-09
2.4E-09
1.7E-09

4.0E-07
6.8E-07
5.5E-07
4.8E-07
4.3E-07
3.9E-07
3.6E-07
3.2E-07
3.0E-07
2.7E-07
1.1E-07
5.6E-08
3.6E-08
2.6E-08
1.3E-08
5.2E-09
2.7E-09
1.7E-09
1.3E-09

5.3E-07
9.1E-07
7.5E-07
6.5E-07
6.0E-07
SA4E-07
S.0E-07
4.5E-07
4.1E-07
3.8E-07
1.5E-07
7.9E-08
5.1E-08
3.6E-08
1.8E-08
74E-09
3.8E-09
2.4E-09
1.8E-09

WNW

NW

NNW

5.2B-07 4.6E-07

8.4E-07
6.7E-07
5.8E-07
5.3E-07

4.9E-07 -

4.5E-07
4.1E-07
3.7E-07
3.4E-07
1.3E-07
7.0E-08
4.5E-08
3.2E-08
1.6E-08
6.5E-09
3.3E-09
2.1E-09
1.5E-09

7.9E-07
7.0E-07
6.5E-07
6.2E-07
5.8E-07
S4E-07
5.0E-07
4.7E-07
4.3E-07
1.8E-07
9.3E-08
6.0E-08
4.3E-08
2.2E-08
8.8E-09
4.5E-09
2.9E-09
2.1E-09

4.2E-07
7.5E-07
7.1E-07
7.4E-07
7.5E-07
74E-07
7.1E-07
6.8E-07
6.4E-07
6.0E-07
2.7E-07
1.5E-07
9.5E-08
6.9E-08
3.6E-08
1.4E-08
7.4E-09
4.8E-09
3.5E-09

9.4E-07
1.6E-06
1.3E-06
1.3E-06
1.3E-06
1.2E-06
1.2E-06
1.1E-06
1.0E-06
9.8E-07
44E-07
24E-07
1.6E-07
1.2E-07
5.9E-08
24E-08
1.2E-08
8.0E-09
5.8E-09

Sector (Wind from 100-N Towards Direction Indicated)
N NNE

7.5E-07
1.3E-06
1.1E-06
1.0E-06
1.0E-06
9.9E-07
94E-07
8.9E-07
8.3E-07
7.7E-07
3.3E-07
1.8E-07
1.2E-07
8.3E-08
4.3E-08
1.7E-08
8.8E-09
5.7E-09
4.1E-09

NE
3.9E-07
6.8E-07
6.1E-07
6.1E-07
6.1E-07
6.1E-07
S9E-07
5.6E-07
5.3E-07
5.0E-07
2.2E-07
1.2E-07
7.7E-08
S.6E-08
2.9E-08
1.2E-08
5.9E-09
3.8E-09
2.7E-09

ENE
3.0E-07
5.0E-07
4.3E-07
4.2E-07
4.2E-07
4.2E-07
4.0E-07
3.9E-07
3.7E-07
34E-07
1.5E-07
8.2E-08
5.3E-08
3.8E-08
2.0E-08
7.9E-09
4.0E-09
2.6E-09
1.9E-09

_E_
4.0E-07
6.8E-07
6.1E-07
6.2E-07
6.4E-07
64E-07
6.2E-07
5.9E-07
5.6E-07
5.2E-07
2.3E-07
1.2E-07
8.0E-08
S5.8E-08
3.0E-08
1.2E-08
6.1E-09
3.9E-09
2.8E-09

ESE
2.9E-07
5.0E-07
5.2E-07
5.9E-07
6.5E-07
6.6E-07
6.SE-07
6.3E-07
5.9E-07
5.6E-07
24E-07
1.3E-07
8.3E-08
5.9E-08
3.0E-08
1.2E-08
6.1E-09
3.9E-09
2.8E-09

SE
3.3E-07
6.1E-07
6.7E-07
7.8E-07
8.6E-07
8.8E-07
8.6E-07
8.2E-07
7.8E-07
7.3E-07
3.2E-07
1.7E-07
1.1E-07
8.1E-08
4.1E-08
1.7E-08
8.4E-09
5.4E-09
3.9E-09
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72.4

Distance

SSE

3.3E-07
6.1E-07

6.1E-07

6.7E-07
7.0E-07
7.0E-07
6.8E-07
6.5E-07
6.1E-07
5.7E-07
2.5E-07
1.4E-07
8.9E-08
6.4E-08
3.3E-08
1.3E-08
6.8E-09
4.4E-09
3.2E-09

(km)
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Table 4.1-22. 95th Percentile E/Q Values (sec m?) for Acute Ground Level Releases from 100-N Area Based on 1983 Through 1991
Meteorological Information (Schreckhise et al. 1993) '

S
6.3E-02
1.9E-02
9.5E-03
5.8E-03
4.0E-03
3.0E-03
2.3E-03
1.8E-03
1.5E-03
1.3E-03
3.2E-04
1.6E-04
1.0E-04
7.3E-05
3.8E-05
1.6E-05
8.6E-06
5.8E-06
4.3E-06

SSW

SW

WSW

W

Sector (3

WNW

S.1E-02
1.5E-02
7.7E-03
4.8E-03
3.3E-03
2.4E-03
1.9E-03
1.5E-03
1.2E-03
1.0E-03
2.6E-04
1.3E-04
8.2E-05
5.9E-05
3.1E-05
1.3E-05
7.0E-06
4,7E-06
3.5E-06

6.7E-02
2.0E-02
1.0E-02
6.3E-03
4.3E-03
3.2E-03
2.5E-03
2.0E-03
1.6E-03
1.4E-03
3.5E-04
1.7E-04
1.1E-04
7.8E-05
4.1E-05
1.7E-05
9.2E-06
6.2E-06
4.6E-06

7.3E-02
2.2E-02
1.1E-02
6.8E-03
4.7E-03
3.4E-03
2.7E-03
2.1E-03
1.8E-03
1.5E-03
3.8E-04
1.8E-04
1.2E-04
8.5E-05
4.4E-05
1.9E-05
1.0E-05
6.7E-06
5.0E-06

6.9E-02
2.1E-02
1.0E-02
6.5E-03
4.4E-03
3.3E-03
2.5E-03
2.0E-03
1.7E-03
1.4E-03
3.6E-04
1.8E-04
1.1E-04
8.0E-05
42E-05
1.8E-05
9.5E-06
6.4E-06
4.7E-06

S5.8E-02
1.8E-02
8.8E-03
54E-03
3.7E-03
2.8E-03
2.1E-03
1.7E-03
1.4E-03
1.2E-03
3.0E-04
1.5E-04
9.4E-05
6.8E-05
3.5E-05
1.5E-05
8.0E-06
SA4E-06
4.0E-06

5.5E-02
1.7E-02
8.3E-03
5.1E-03
3.5E-03
2.6E-03
2.0E-03
1.6E-03
1.3E-03
1.1E-03
2.8E-04
1.4E-04
8.8E-05
6.4E-05
3.3E-05
1.4E-05
7.5E-06
5.0E-06
3.7E-06

NW

NNW

Wind from 100-N Towards Direct
N

on Indicated)

NE

S3E-02
1.6E-02
8.0E-03
4.9E-03
3.4E-03
2.5E-03
1.9E-03
1.5E-03
1.3E-03
1.1E~03
2.7E-04
1.3E-04
8.5E-05
6.1E-05
3.2E-05
1.3E-05
7.2E-06

4.8E-06

3.6E-06

6.1E-02
1.8E-02
9.2E-03
5.7E-03
3.9E-03
2.9E-03
2.2E-03
1.8E-03
1.5E-03
1.2E-03
3.2E-04
1.SE-04
9.9E-05
7.1E-05
3.7E-05
1.6E-05
8.4E-06
5.6E-06
4.2E-06

NNE

5.8E-02
1.8E-02
8.8E-03
54E-03
3.7E-03
2.8E-03
2.1E-03
1.7E-03
1.4E-03
1.2E-03
3.0E-04
1.5E-04
94E-05
6.8E-05
3.5E-05
1.5E-05
8.0E-06
5.4E-06
4.0E-06

5.5E-02
1.6E-02
8.3E-03
5.1E-03
3.5E-03
2.6E-03
2.0E-03
1.6E-03
1.3E-03
1.1E-03
2.8E-04
14E-04
8.8E-05
6.3E-05
3.3E-05
1.4E-05
7.5E-06
5.0E-06
3.7E-06

Table 4.1-23. 95th Percentile E/Q Values (sec m™) for Acute 60 m Stack Releases from
Meteorological Information (Schreckhise et al. 1993)

S
1.3E-07
2.5E-05
4,1E-05
3.7E-05
3.0E-05
2.8E-05
1.4E-05
2.4E-05
2.3E-05
2.8E-05
2.3E-05
1.7E-05
1.4E-05
1.3E-05
8.5E-06
5.6E-06
3.6E-06
2.7E-06
2.1E-06

SSW
8.4E-08
1.6E-05
2.8E-05
2.1E-05
2.1E-05
1.5E-05
1.3E-05
2.0E-05
2.2E-05
2.5E-05
2.2E-05
1.7E-05
1.4E-05
1.2E-05
7.6E-06
5.5E-06
3.4E-06
2.5E-06
1.9E-06

SW

———— et e e

2.5E-06

Sector (\

Wind from

WNW_
7.5E-08
1.5E-05
3.1E-05
3.0E-05
2.7E-05
2.0E-05
1.4E-05
2.5E-05
2.3E-05
2.9E-05
2.3E-05
1.8E-05
1.5E-05
1.3E-05
8.6E-06
5.6E-06
3.7E-06
2.7E-06
2.1E-06

NW_
S4E-08
1.1E-05
2.7E-05
2.5E-05
2.6E-05
1.7E-05
1.4E-05
2.5E-0§
2.3E-05
2.8E-05
2.3E-05
1.8E-05
1.4E-05
1.3E-05
8.4E-06
5.6E-06
3.6E-06
2.6E-06
2.0E-06

_NNW
5.8E-08
1.1E-05

N

NNE

00-N Towards Direction Indicated

NE

8.4E-08
1.7E-05
3.5E-05
3.5E-05
3.0E-05
2.9E-05
1.5E-05
2.6E-05
2.3E-05
3.0E-05
2.3E-05
1.9E-05
1.5E-05
1.3E-05
8.8E-06
5.7E-06
3.8E-06
2.8E-06
2.2E-06

5.1E-08
9.9E-06
2.5E-05
2.4E-05
2.4E-05
1.6E-05
1.3E-05
2.3E-05
2.3E-05
2.7E-05
2.3E-05
1.8E-05
1.5E-05
1.3E-05
8.7E-06
5.6E-06
3.7E-06
2.7E-06
2.1E-06

5.0E-08
9.7E-06
2.2E-05
1.6E-05
1.5E-05
1.4E-05
1.3E-05
2.0E-05
2.2E-05
2.5E-05
2.3E-05
L7E-05
1.4E-05
1.2E-05
7.7E-06
5.5E-06
34E-06
2.4E-06
1.9E-06

ENE
5.6E-02
1.7E-02
8.5E-03
5.2E-03
3.6E-03
2.6E-03
2.0E-03
1.6E-03
1.3E-03
1.1E-03
2.9E-04
1.4E-04
9.0E-05
6.5E-05
34E-05
1.4E-05
7.7E-06
5.1E-06
3.8E-06

E
S.3E-02
1.6E-02
8.0E-03
4.9E-03
3.4E-03
2.5E-03
1.9E-03
1.6E-03
1.3E-03
1.1E-03
2,7E-04
1.3E-04
8.SE-05
6.2E-05
3.2E-05

. 1.4E-05
7.3E-06
4.9E-06
3.6E-06

ESE
S.7E-02
1.7E-02
8.6E-03
5.3E-03
3.6E-03
2.7E-03
2.]E-03
1.7E-03
14E-03
1.1E-03
29E-04
1.4E-04
9.2E-05
6.6E-05
3.4E-05
1.5E-05
7.8E-06
5.2E-06
3.9E-06

SE
6.9E-02
2.1E-02
1.0E-02
6.4E-03
4.4E-03
3.2E-03
2.5E-03
2.0E-03
1.6E-03
14E-03
3.5E-04
1.7E-04
1.1E-04
8.0E-05
4,1E-05
1.8E-05
9.4E-06
6.3E-06
4.7E-06

Distance
SSE_ (km)
7.5E-02 0.1
23E-02 0.2
1.1IE-02 03
7.0E-03 04
48E-03 0.5
35E-03 06
2.7E-03 0.7
22E-03 0.8
1.8E-03 09
1.5E-03 1.0
39E-04 24
19E-04 4.0
1.2E-04 5.6
8.7E-05 7.2
45E-05 12.1
1.9E-05 24.1
1.0E-05 403
6.9E-06 56.3
5.1E-06 724

100-N Area Based on 1983 Through 1991

ENE
4,7E-08
8.9E-06
1.8E-05
1.5E-05
1.3E-05
14E-05
1.2E-05
1.6E-05
1.8E-05
2.2E-05
2.2E-05
1.6E-05
1.4E-05
1.2E-05
74E-06
5.4E-06
3.3E-06
2.3E-06
1.8E-06

~E_
4.7E-08
8.8E-06
1.8E-05
1,5E-05
1.2E-05
1.3E-05
1.2E-05
1.5E-05
1.6E-05
2.0E-05
2.1E-05
14E-05
1.4E-05
1.1E-05
6.6E-06
5.2E-06
3.1E-06
2.2E-06
1.7E-06

ESE
5.7E-08
1.1E-05
2.5E-05
1.9E-05
1.8E-05
14E-05
1.2E-05
1.6E-05
2.0E-05
2.2E-05
2.2E-05
1.5E-05
14E-05
1.2E-05
7.2E-06
5.5E-06
3.3E-06
2.4E-06
1.8E-06

SE
1.2E-07
2.3E-05
4.1E-05
3.7E-05
2.8E-05
2.3E-05
1.3E-05
2.2E-05
2.2E-05
2.5E-05
2.3E-05
1.7E-05
1.4E-05
1.3E-05
8.7E-06
5.7E-06
3.9E-06
2.9E-06
2.3E-06

- 2.9E-05

Distance

SSE
1.4E-07
2.7E-05
4.6E-05
4.1E-05
3.1E-05

1.5E-05
2.4E-05
2.3E-05
2.7E-05
2.3E-05
1.8E-05
1.5E-05
1.3E-05
9.4E-06
5.8E-06
4.1E-06
3.2E-06
2.6E-06 724
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Table 4.1-24. 95th Percentile E/Q Values (sec m™) for Acute Ground-Level Releases from 200 Areas Based on 1983 Through 1991
Meteorological Information (Schreckhise et al. 1993)

Sector (Wind from 100-N Towards Direction Indicated) Distance
S SSwW SW WSwW W WNW NW NNW N NNE NE ENE E ESE SE SSE _ (km)
3.0E-02 24E-02 34E-02 4.1E-02 4.5E-02 4.7E-02 43E-02 45E-02 59E-02 6.0E-02 39E-02 3.2E-02 3.2E-02 2.7E-02 3.0BE-02 3.3E-02

9.1E-03 7.3E-03 1.0E-02 12E-02 14E-02 14E-02 13E-02 14E-02 18E-02 18E-02 12E-02 9.8E-03 9.7E-03 .82E-03 9.0E-03 1.0E-02
46E-03 3.6E-03 S5.1E-03 6.2E-03 6.8E-03 7.2E-03 6.5E-03 6.8E-03 9.0E-03 9.E-03 S59E-03 4.9E.03 49E-03 4.1E-03 4.5E-03 5.0E-03
2.8E-03 22E-03 32E-03 3.8E-03 42E-03 44E-03 40E-03 42E-03 55E-03 56E-03 3.7E-03 3.0E-03 3.0E-03 25E-03 2.8E-03 3.IE-03
19E-03 1.5E-03 22E-03 26E-03 29E-03 3.0E-03 28E-03 29E-03 3.8E-03 39E-03 2J5E-03 2lE-03 2.1E-03 L17E-03 [9E-03 2.1E-03
14E-03 1.1E-03 1.6E-03 19E-03 2.1E-03 22E-03 20E-03 2.1E-03 28E-03 28E-03 19E-03 15E-03 [5E-03 13E-03 14E-03 1.6E-03
1.1E-03 8.8E-04 1.2E-03 1.5E-03 1.6E-03 1.7E-03 1.6E-03 1.6E-03 22E-03 22E-03 14E-03 12E-03 12E-03 99E-04 [.1E-03 1.2E-03
8.8E-04 7.1E-04 9.9E-04 12E-03 13E-03 14E-03 13E-03 13E-03 17E-03 18E-03 1.1E-03 9.5E-04 94E-04 7.9E-04 8.8E-04 9.7E-04
73E-04 5.8E-04 8.2E-04 9.8E-04 1.1E-03 1.1E-03 1.0E-03 1.1E-03 14E-03 14E-03 94E-04 7.8E-04 7.8E-04 6.5E-04 7.2E-04 8.0E-04
6.1E-04 49E-04 6.8E-04 83E-04 9.1E-04 9.6E-04 8.7E-04 9.1E-04 12E-03 12E-03 7.9E-04 6.5E-04 6.5E-04 5.5E-04 6.0E-04 6.7E-04
1.6E-04 1.3E-04 17E-04 2.1E-04 23E-04 24E-04 22E-04 23E-04 3.1E-04 3.1E-04 20E-04 1.7E-04 17E-04 14E-04 15E-04 1.7E-04
7.6E-05 6.1E-05 8.5E-05 1.0E-04 1.1E-04 12E-04 1.1E-04 1.1E-04 1.5E-04 1.5E-04 9.9E-05 82E-05 8I1E-05 69E-05 7.6E-05 84E-05
49E-05 3.9E-05 54E-05 6.6E-05 7.2E-05 7.6E-05 69E-05 7.2E-05 9.6E-05 97E-05 63E-05 52E-05 S52E-05 44E-05 4.8E-05 5.3E-05
3.5E-05 2.8E-05 39E-05 4.7E-05 5.2E-05 S.5E-05 S5.0E-05 52E-05 69E-05 7.0E-05 4.5E-05 3.7E-05 3.7E-05 3.2E-05 3.5E-05 3.8E-05
1.8E-05 14E-05 2.0E-05 25E-05 27E-05 29E-05 2.6E-05 27E-05 3.6E-05 3.6E-05 24E-05 19E-05 19E-05 16E-05 1.8E-05 2.0E-05
7.JE-06 6.0E-06 8.6E-06 1.0E-05 1.1E-05 12E-05 1.1E-05 1.1E-05 1.5E-05 1.5E-05 1.0E-05 83E-06 82E-06 7.0E-06 7.7E-06 8.4E-06
4,1E-06 3.2E-06 4.6E-06 5.6E-06 6.1E-06 6.5E-06 S59E-06 6.2E-06 82E-06 83E-06 5.4E-06 44E-06 44E-06 3.7E-06 4.1E-06 4.5E-06
2.8E-06 2.1E-06 3.IE-06 3.7E-06 4.1E-06 4.4E-06 3.9E-06 4.1E-06 5.5E-06 5.5E-06 3.6E-06 3.0E-06 3.0E-06 2.5E-06 2.8E-06 3.0E-06
2.1E-06 1.6E-06 23E-06 2.8E-06 3.1E-06 3.2E-06 29E-06 3.1E-06 4.0E-06 4.l1E-06 2.7E-06 22E-06 22E-06 19E-06 2.0E-06 2.3E-06
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Table 4.1-25. 95th Percentile E/Q Values (sec m™) for Acute 60 m Stack Releases from 200 Areas Based on 1983 Through 1991
Meteorological Information (Schreckhise et al. 1993)

Sector (Wind from 100-N Towards Direction Indicated) . Distance
S SSwW SW WSw w WNW NW NNW N NNE NE ENE E ESE SE SSE

13E-07 LIE-07 14E-07 1.6E-07 15E-07 14E-07 1.1E-07 S52E-08 S5.2E-08 52E-08 4.1E-08 3.3E-08 2.0E-08 I.5E-08 3.6E-08 I.IE-07
2.6E-05 2.2E-05 2.8E-05 3.1E-05 3.0E-05 27E-05 21E-05 10E-05 1.0E-05 1.0E-05 63E-06 6.1E-06 43E-06 3.2E-06 62E-06 2.1E-05
44E-05 3.6E-05 5.0E-05 S5.5E-05 53E-05 4.5E-05 3.2E-05 20E-05 23E-05 2.1E-05 13E-05 LIE-05 83E-06 68E-06 13E-05 3.3E-05
4.0E-05 3.7E-05 4.3E-05 4.3E-05 4.3E-05 4.1E-05 2.8E-05 1.6E-05 16E-05 1.6E-05 12E-05 92E-06 7.6E-06 7.0E-06 14E-05 3.1E-05
3.0E-05 3.0E-05 3.4E-05 3.8E-05 34E-05 3.1E-05 25E-05 14E-05 16E-05 [4E-05 8.7E-06 8.6E-06 S5.6E-06 S.0E-06 I1.0E-05 2.7E-05
2.7E-05 2.6E-05 3.7E-05 4.1E-05 3.8E-05 3.1E-05 16E-05 14E-05 14E-05 14E-05 74E-06 6.8E-06 S5.9E-06 S5.5E-06 1.1E-05 19E-05
1.6E-05 1.7E-05 2.7E-05 3.6E-05 29E-05 23E-05 14E-05 12E-05 12E-05 12E-05 12E-05 B8S5E-06 S5.5E-06 44E-06 12E-05 14E-05
24E-05 25E-05 27E-05 3.1E-05 27E-05 26E-05 2.1E-05 1.7E-05 16E-05 17E-05 14E-05 7.6E-06 6.5E-06 6.0E-06 14E-05 23E-05
23E-05 23E-05 23E-05 27E-05 23E-05 23E-05 22E-05 20E-05 19E-05 2.1E-05 14E-05 74E-06 7.1E-06 7.1E-06 15E-05 22E-05
2.7E-05 2.7E-05 3.0E-05 3.1E-05 3.0E-05 28E-05 26E-05 23E-05 22E-05 23E-05 18E-05 83E-06 7.5E-06 7.3E-06 18E-05 2.6E-05
22E-05 22E-05 23E-05 23E-05 23E-05 23E-05 23E-05 23E-05 23E-05 23E-05 22E-05 LIE-05 9.6E-06 8.6E-06 L7E-05 23E-05
1.5E-05 14E-05 1.7E-05 1.7E-05 1.7E-05 18E-05 17E-05 17E-05 1.8E-05 1.7E-05 1.6E-05 14E-05 13E-05 94E-06 [4E-05 1.6E-05
13E-05 13E-05 14E-05 14E-05 14E-05 14E-05 14E-05 15E-05 15E-05 1.5E-05 14E-05 14E-05 L1E-05 6.6E-06 1.1E-05 14E-05
1.0E-05 1.0E-05 12E-05 12E-05 12E-05 13E-05 13E-05 13E-05 13E-05 13E-05 12E-05 IIE-05 83E-06 4.9E-06 8.1E-06 1.1E-05
6.5E-06 5.7E-06 6.6E-06 6.6E-06 7.1E-06 8.0E-06 8.6E-06 9.0E-06 93E-06 B8.7E-06 6.8E-06 6.6E-06 6.5E-06 3.5E-06 S5.7E-06 6.6E-06
3.0E-06 2.7E-06 4.5E-06 4.8E-06 54E-06 5.6E-06 S5.7E-06 5.8E-06 S5.8E-06 5.7E-06 5.lE-06 4.1E-06 3.5E-06 20E-06 25E-06 4.2E-06
1.7E-06 1.6E-06 2.7E-06 29E-06 3.3E-06 3.5E-06 3.8E-06 4.0E-06 4.1E-06 3.8E-06 3.1E-06 24E-06 2.0E-06 14E-06 1.6E-06 2.5E-06
1.IE-06 1.0E-06 13E-06 1.8E-06 23E-06 2S5E-06 2.8E-06 3.1E-06 3.1E-06 29E-06 2.E-06 1.6E-06 17E-06 9.7E-07 11E-06 14E-06
8.6E-07 7.6E-07 1.1E-06 14E-06 18E-06 2.0E-06 22E-06 2.5E-06 25E-06 23E-06 16E-06 13E-06 13E-06 72E-07 8.5E-07 I.1E-06
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Table 4.1-26. 95th Percentile E/Q Values (sec m™) for Acute Ground-Level Releases from 300 Area Based on 1983 Through 1991
Meteorological Information (Schreckhise et al. 1993)

Distance Sector (Wind from 100-N Towards Direction Indicated) Distance
(km) S SSwW SwW WSW W WNW NW NNW N NNE NE ENE E ESE E SSE  (km)
3.0E-02 24E-02 3.0E-02 29E-02 34E-02 32E-02 33E-02 S5.1E-02 49E-02 3.1E-02 3.0E-02 33E-02 6.3E-02 74E-02 5.6E-02 3.4E-02

9.2E-03 7.3E-03 9.2E-03 87E-03 1.0E-02 9.8E-03 I.0E-02 1.5E-02 1.5E-02 93E-03 9.0E-03 99E-03 19E-02 22E-02 1.7E-02 1.0E-02
4.6E-03 3.6E-03 4.6E-03 44E-03 S5.1E-03 49E-03 S5.1E-03 7.7E-03 7.5E-03 4.7E-03 4.5E-03 5.0E-03 9.5E-03 1.1E-02 84E-03 5.2E-03
2.8E-03 22E-03 28E-03 27E-03 3.2E-03 3.0E-03 3.1E-03 4.7E-03 4.6E-03 29E-03 2.8E-03 3.1E-03 59E-03 69E-03 5.2E-03 3.2E-03
20E-03 1.5E-03 20E-03 1.8E-03 .22E-03 2.1E-03 2IE-03 33E-03 3.2E-03 20E-03 19E-03 2.1E-03 4.0E-03 47E-03 3.6E-03 2.2E-03
14E-03 1LIE-03 14E-03 14E-03 '1.6E-03 1.5E-03 16E-03 24E-03 23E-03 1.5E-03 14E-03 16E-03 3.0E-03 3.5E-03 2.6E-03 1.6E-03
1.1E-03 8.8E-04 I.E-03 1.1E-03 12E-03 12E-03 12E-03 19E-03 18E-03 1.1E-03 1.1E-03 12E-03 23E-03 27E-03 20E-03 1.2E-03
89E-04 7.0E-04 8.9E-04 B8.5E-04 99E-04 9.5E-04 9.8E-04 1.5E-03 14E-03 9.0E-04 8.7E-04 9.6E-04 1.8E-03 22E-03 1.6E-03 1.0E-03
73E-04 5.8E-04 73E-04 7.0E-04 82E-04 7.8E-04 8.1E-04 12E-03 12E-03 74E-04 72E-04 79E-04 15E-03 1.8E-03 13E-03 8.2E-04
6.2E-04 4.9E-04 6.2E-04 S5.8E-04 69E-04 6.5E-04 6.8E-04 1.0E-03 1.0E-03 62E-04 6.0E-04 6.6E-04 13E-03 1.5E-03 I.1E-03 6.9E-04
1.6E-04 12E-04 1.6E-04 1.5E-04 17E-04 1.7E-04 1.7E-04 26E-04 25E-04 1.6E-04 15E-04 1.7E-04 33E-04 3.8E-04 29E-04 1.7E-04
7.7E-05° 6.1E-05 7.7E-05 7.2E-05 8.5E-05 82E-05 84E-05 1J3E-04 13E-04 7.8E-05 7.6E-05 83E-05 16E-04 19E-04 14E-04 8.6E-05
49E-05 3.9E-05 49E-05 4.6E-05 54E-05 52E-05 54E-05 82E-05 8.0E-05 S5.0E-05 4.8E-05 53E-05 1l.0E-04 12E-04 9.0E-05 5.5E-05
3.5E-05 2.8E-05 3.5E-05 33E-05 3.9E-05 3.7E-05 3.9E-05 S59E-05 5.7E-05 3.6E-05 3.5E-05 3.8E-05 7.3E-05 8.E-05 6.5E-05 3.9E-05
1.8E-05 1.5E-05 1.8E-05 1.7E-05 2.0E-05 20E-05 20E-05 3.1E-05 3.0E-05 19E-05 1.8E-05 2.0E-05 3.8E-05 4.5E-05 34E-05 2.0E-05
7.8E-06 6.2E-06 7.8E-06 7.2E-06 8.6E-06 83E-06 8.5E-06 13E-05 13E-05 79E-06 7.6E-06 84E-06 1.6E-05 19E-05 14E-05 8.7E-06
42E-06 3.3E-06 4.2E-06 3.8E-06 4.6E-06 44E-06 4.6E-06 7.0E-06 6.8E-06 4.2E-06 4.1E-06 4.5E-06 8.7E-06 1.0E-05 7.7E-06 4.7E-06
2.8E-06 22E-06 28E-06 26E-06 3.1E-06 3.0E-06 3.1E-06 4.7E-06 4.5E-06 2.8E-06 27E-06 3.0E-06 5.8E-06 6.8E-06 S5.1E-06 3.1E-06
2,1E-06 1.6E-06 2.1E-06 19E-06 23E-06 22E-06 23E-06 3.5E-06 34E-06 2.1E-06 20E-06 22E-06 4.3E-06 S5.0E-06 3.8E-06 2.3E-06

NG g ST RN LTSRS PN Y X
Lo ohowuaRLIY-

NESNP N rocoooooe S
BoaloNvwad~ocoococoocooco
s

.

Table 4.1-27. 95th Percentile E/Q Values (sec m™) for Acute 60 m Stack Releases from 300 Area Based on 1983 Through 1991
Meteorological Information (Schreckhise et al. 1993)

Distance Sector (Wind from_100-N Towards Direction Indicated) Distance
S SSW SW WSW w WNW NW NNW N NNE NE ENE E ESE SE SSE

E-08 4.7E-08 1.0E-07 12E-07 1.2E-07 5.0E-08 4.2E-08 4.5E-08 29E-08 2.9E-08 3.0E-08 3.1E-08 2.5E-08 1.8E-08 14E-08 6.3E-09
E-06 7.3E-06 2.1E-05 24E-05 25E-05 9.6E-06 74E-06 82E-06 6.0E-06 6.0E-06 6.0E-06 6.1E-06 5.6E-06 4.7E-06 3.1E-06 3.4E-06
L1
1.1

E

E-05 1.6E-05 3.0E-05 33E-05 33E-05 18E-05 1.6E-05 18E-05 J.IE-05 L1E-05 1.1E-05 1.1E-05 I.1E-05 9.0E-06 6.7E-06 8.5E-06
0E-05 1.5E-05 2.1E-05 3.1E-05 209E-05 1.SE-05 [.5E-05 1.6E-05 12E-05 94E-06 87E-06 1.0E-05 I1.1E-05 9.0E-06 7.5E-06 8.8E-06
8E-06 12E-05 2.1E-05 28E-05 25E-05 13E-05 12E-05 15E-05 B8.8E-06 8.7E-06 82E-06 8.7E-06 8.8E-06 8.7E-06 6.7E-06 8.7E-06
JE-06 14E-05 1.5E-05 22E-05 1.6E-05 14E-05 14E-05 14E-05 7.7E-06 7.7E-06 7.3E-06 7.7E-06 7.JE-06 7.5E-06 7.4E-06 7.7E-06
12E-05 12E-05 13E-05 20E-05 14E-05 12E-05 12E-05 12E-05 1.2E-05 I.1E-05 1.1E-05 12E-05 12E-05 12E-05 1.2E-05 1.2E-05
1.2E-05 14E-05 1.6E-05 23E-05 20E-05 16E-05 1S5E-05 17E-05 1S5E-05 1.0E-05 84E-06 12E-05 1.7E-05 17E-05 15E-05 [.5E-05
LIE-05 14E-05 20E-05 23E-05 22E-05 18E-05 17E-05 20E-05 1.7E-05 8.8E-06 7.8E-06 1.0E-05 2.0E-05 2.IE-05 17E-05 1.6E-05
1.IE-05 14E-05 2.1E-05 26E-05 24E-05 22E-05 20E-05 23E-05 2.1E-05 1.1E-05 99E-06 1.1E-05 23E-05 23E-05 2IE-05 2.0E-05
12E-05 14E-05 16E-05 "23E-05 20E-05 16E-05 15E-05 1.7E-05 1.5E-05 1.0E-05 83E-06 1.IE-05 1.7E-05 1.8E-05 1.5E-05 1.5E-05
12E-05 12E-05 22E-05 22E-05 22E-05 22E-05 22E-05 22E-05 22E-05 1.8E-05 1.5E-05 22E-05 23E-05 23E-05 22E-05 2.2E-05
1.3E-05 1.3E-05 14E-05 14E-05 1.6E-05 1.6E-05 16E-05 L7E-05 1.6E-05 14E-05 14E-05 15E-05 1.8E-05 1.8E-05 1.6E-05 1.5E-05
9.8E-06 9.6E-06 12E-05 13E-05 14E-05 14E-05 14E-05 14E-05 14E-05 1.3E-05 L.IE-05 14E-05 14E-05 1.5E-05 14E-05 14E-05
7.3E-06 7.E-06 9.5E-06 1.0E-05 1.1E-05 12E-05 12E-05 13E-05 12E-05 9.9E-06 87E-06 1.IE-05 1.3E-05 I.3E-05 12E-05 L.1IE-05
5.7E-06 5.0E-06 64E-06 6.5E-06 6.6E-06 7.6E-06 7.7E-06 8.5E-06 7.8E-06 - 6.5E-06 6.5E-06 6.5E-06 82E-06 9.IE-06 7.6E-06 6.6E-06
2.6E-06 23E-06 29E-06 3.2E-06 4.5E-06 S5.5E-06 5.6E-06 5.7E-06 5.6E-06 3.6E-06 29E-06 3.9E-06 S5.7E-06 5.8E-06 5.5E-06 4.4E-06
1.6E-06 1.6E-06 1.6E-06 1.8E-06 27E-06 34E-06 3.5E-06 3.8E-06 3.6E-06 2.1E-06 1.6E-06 2.2E-06 3.8E-06 3.9E-06 3.4E-06 2.6E-06
1.1E-06 1.0E-06 1.1E-06 1.1E-06 1.6E-06 24E-06 2.6E-06 28E-06 2.6E-06 12E-06 1.1E-06 12E-06- 2.8E-06 3.0E-06 24E-06 1.8E-06
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Table 4.1-28. 95th Percentile E/Q Values (sec m™) for Acute Ground-Level Releases from 400 Area Based on 1983 Through 1991

Distance

(km)
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Meteorological Information (Schreckhise et al. 1993)

Sector (Wind from 100-N Towards Directi
N

S SSwW Sw WSW W__WNW NW_ = NNW N

on Indicated)
INE

NE

34E-02 32E-02 33E-02 37E-02 4.6E-0Z 3.6E-02 32E-02 29E-0Z 2.9E-02
1.0B-02 9.7E-03 99E-03 1.IE-02 14E-02 1.1E-02 97E-03 8.6E-03 8.9E-03
5.1E-03 49E-03 5.0E-03 5.6E-03 7.0E-03 54E-03 4.9E-03 4.3E-03 4.5E-03
3.2E-03 3.0E-03 3.1E-03 3.4E-03 43E-03 3.3E-03 3.0E-03 27E-03 2.7E-03
22E-03 2.1E-03 2.E-03 24E-03 3.0E-03 23E-03 21E-03 18E-03 19E-03
1.6E-03 1.5E-03 1.6E-03 1.7E-03 22E-03 1.7E-03 1.5E-03 13E-03 14E-03
12E-03 12E-03 12E-03 13E-03 17E-03 13E-03 12E-03 1.0E-03 I.1E-03
9.9E-04 94E-04 9.6E-04 1.1E-03 14E-03 1.0E-03 94E-04 83E-04 8.6E-04
8.2E-04 7.7E-04 79E-04 8.8E-04 1.1E-03 8.6E-04 7.7E-04 6.9E-04 7.1E-04
6.9E-04 6.5E-04 6.7E-04 7.4E-04 94E-04 72E-04 6.5E-04 5.8E-04 S5.9E-04
1.7E-04 1.6E-04 1.7E-04 19E-04 24E-04 1.8E-04 1.7E-04 1.5E-04 1.5E-04
8.5E-05 8.1E-05 8.3E-05 9.2E-05 12E-04 9.0E-05 8.1E-05- 7.2E-05 7.5E-05
5.4E-05 S5.2E-05 S5.3E-05 S5.9E-05 7.5E-05 5.7E-05 5.2E-05 4.6E-05 4.8E-05
39E-05 3.7E-05 3.8E-05 4.2E-05 S54E-05 4.IE-05 3.7E-05 3.3E-05 3.4E-05
2.0E-05 19E-05 2.0E-05 22E-05 28E-05 2IE-05 19E-05 L17E-05 1.8E-05
8.6E-06 82E-06 8.4E-06 9.3E-06 12E-05 9.1E-06 82E-06 7.3E-06 7.5E-06
4.6E-06 4.4E-06 4.5E-06 S5.0E-06 64E-06 4.9E-06 4.4E-06 3.9E-06 4.1E-06
3.1E-06 29E-06 3.0E-06 34E-06 4.3E-06 33E-06 29E-06 2.6E-06 2.7E-06
23E-06 22E-06 22E-06 2.5E-06 3.2E-06 24E-06 22E-06 19E-06 2.0E-06

1,9E-02
S9E-03
2.9E-03
1.8E-03
1.2E-03
9.2E-04
7.1E-04
5.7E-04
4,7E-04
3.9E-04
1.0E-04
4.9E-05
3.1E-05
2.3E-05
1.2E-05
5.0E-06
2.7E-06
1.8E-06
1.3E-06

3.1E-02
9.2E-03
4.6E-03
2.8E-03
2.0E-03
1.4E-03
1.1E-03
8.9E-04
7.3E-04
6.2E-04
1.6E-04
7.7E-05
4.9E-05
3.5E-05
1.8E-05
7.8E-06
4.2E-06
2.8E-06
2.1E-06

ENE

3.3E-02
1.0E-02
5.0E-03
3.1E-03
2.1E-03
1.6E-03
1.2E-03
9.7E-04
7.9E-04
6.7E-04
1.7E-04
8.3E-05
5.3E-05
3.8E-05
2.0E-05
8.4E-06
4,5E-06
3.0E-06
2.2E-06

—E_
3.4E-02
1.0E-02
5.2E-03
3.2E-03
2.2E-03
1.6E-03
1.3E-03
1.0E-03
8.3E-04
6.9E-04
1.8E-04
8.6E-05
5.5E-05
4.0E-05
2.1E-0S
8.7E-06
4.7E-06
3.1E-06
2.3E-06

ESE

3.0E-02

9.0E-03
4.5E-03
2.8E-03
1,9E-03
1.4E-03
1.1E-03
8.8E-04
7.2E-04
6.0E-04
1.5E-04
7.6E-05
4.8E-05
3.5E-05
1.8E-05
7.7E-06
4.1E-06
2.8E-06
2.0E-06

SE
2.7E-02
8.2E-03
4.1E-03
2.5E-03
1.7E-03
1.3E-03
9.9E-04
7.9E-04
6.5E-04
5.5E-04
1.4E-04
6.9E-05
4.4E-05
3.2E-05
1.6E-05
7.0E-06
3.7E-06
2.5E-06
1.9E-06

Distan
_SSE

32E-02
9.5E-03
4.8E-03
3.0E-03
2.0E-03
1.5E-03
1.2E-03
9.3E-04
7.6E-04
64E-04
1.6E-04
8.0E-05
5.1E-05
3.7E-05
1.9E-05
8.1E-06
4.3E-06
2.9E-06
2.2E-06
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Table 4.1-29. 95th Percentile E/Q Values (sec m™) for Acute 30 m Stack Releases from 400 Area Based on 1983 Through 1991

Meteorological Information (Schreckhise et al. 1993)

Sector (Wind from 100-N Towards Direction Indicated)
N NNE

S SSW SW WSW W WNW__NW  NNW

3.6E-05 3.7E-05 3.7E-05 S59E-05 59E-05 6.8E-05 3.7E-05 3.2E-05 3.3E-05
53E-05 54E-05 83E-05 1.5E-04 15E-04 1.5E-04 8.1E-05 S5.2E-05 S5.1E-0S
49E-05 4.9E-05 69E-05 1.1E-04 12E-04 1.1E-04 7.0E-05 4.8E-05 4.7E-05
8.5E-05 8.1E-05 9.2E-05 9.6E-05 9.7E-05 9.5E-05 9.2E-05 6.3E-05 4.5E-05
9.5E-05 8.8E-05 1.IE-04 1.1E-04 1.1E-04 1.1E-04 1.1E-04 7.IE-05 5.5E-05
9.9E-05 94E-05 1.1E-04 1.1E-04 1.1E-04 1.1E-04 10E-04 85E-05 7.0E-05
9.6E-05 9.0E-05 1.0E-04 1.0E-04 10E-04 1.0E-04 9.9E-05 8.6E-05 8.0E-05
9.3E-05 9.1E-05 9.6E-05 9.7E-05 9.7E-05 9.7E-05 9.5E-05 8.9E-05 84E-05
8.8E-05 8.8E-05 8.9E-05 89E-05 89E-05 89E-05 89E-05 8.8E-05 8.5E-05
84E-05 82E-05 8.5E-05 8.6E-05 8.7E-05 87E-05 84E-05 8.1E-05 8.1E-05
4.7E-05 44E-05 4.8E-05 S5.1E-05 S5.2E-05 5.0E-05 4.6E-05 3.6E-05 3.9E-05
34E-05 3.1E-05 34E-05 3.5E-05 3.5E-05 3.5E-05 34E-05 23E-05 2.5E-05
2.5E-05 2.1E-05 23E-05 2.6E-05 2.6E-05 26E-05 22E-05 LSE-05 1.7E-05
19E-05 1.6E-05 18E-05 20E-05 2.1E-05 20E-05 17E-05 1.1E-05 1.2E-05
1.1E-05 8.6E-06 1.0E-05 1.1E-05 12E-05 1.1E-05 9.5E-06 5.8E-06 6.4E-06
48E-06 4.1E-06 4.5E-06 5.2E-06 S59E-06 5.1E-06 4.2E-06 2.9E-06 3.2E-06
2.7E-06 2.3E-06 2.5E-06 29E-06 3.3E-06 28E-06 24E-06 1.7E-06 1.8E-06
1.8E-06 1.6E-06 1.7E-06 2.0E-06 2.3E-06 19E-06 16E-06 12E-06 1.3E-06
14E-06 12E-06 1.3E-06 15E-06 L1.7E-06 14E-06 1.2E-06 9.0E-07 9.7E-07

2.7E-05
4.0E-05
4.6E-05
3.5E-05
4.5E-05
5.9E-05
7.6E-05
6.7E-05
6.0E-05
6.3E-05
3.1E-05
2.0E-05
1.3E-05
1.0E-05
5.8E-06
2.6E-06
1.5E-06
9.9E-07
7.4E-07

NE
2.3E-05
3.6E-05
4.7E-05
4.8E-05
6.6E-05
8.2E-05
8.6E-05
8.9E-05
8.8E-05
8.2E-05
4.5E-05
3.1E-05
2.0E-05
1.5E-05
8.5E-06
3.6E-06
2.1E-06
1.4E-06
1.IE-06

ENE

3.0E-05

5.1E-05
4.8E-05
6.7E-05
8.1E-05
9.3E-05
9.5E-05
9.3E-05
8.8E-05
8.6E-05
4.9E-05
3.5E-05
2.4E-05
1.8E-05
1.0E-05
4.5E-06
2.5E-06
1.7E-06
1.3E-06

—E_
3.2E-05
5.2E-05
4.8E-05
7.7E-05
8.9E-05
9.6E-05
9.6E-05
9.3E-05
8.8E-05
8.5E-05
4.9E-05
3.5E-05
2.5E-05
1.9E-05
1.1E-05
5.0E-06
2.8E-06
1.9E-06
1.4E-06

ESE

2.1E-05

3.6E-05
4.7E-05
5.3E-05
6.8E-05
8.4E-05
8.8E-05
9.0E-05
8.8E-05
8.3E-05
4.4E-05
2.9E-05
2.0E-05
1.5E-05
8.0E-06
3.4E-06
1.9E-06
1.3E-06
1.0E-06

SE
1.6E-05
3.1E-05
4.6E-05
4.5E-05
5.8E-05
74E-05
8.1E-05
8.6E-05
8.8E-05
7.7E-05
3.4E-05
2.2E-05
1.5E-05
1.1E-05
5.8E-06
2.8E-06
1.6E-06
1.1E-06
8.7E-07

Distance
SSE

2.6E-05
5.0E-05
4.8E-05
7.4E-05
8.6E-05
9.5E-05
9.5E-05
9.3E-05
8.8E-05
8.4E-05
4.5E-05
3.1E-05
2.1E-05
1.6E-05
8.8E-06
4.0E-06 .
2.3E-06
1.6E-06
1.2E-06 72 4
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4.1.7 Special Meteorological Considerations on the Hanford Site

Winds exhibit significant variation across the Hanford Site because of its large size and
varying terrain. Stations near the Columbia River tend to exhibit wind patterns that are strongly
influenced by the topography of the river and the surrounding terrain. For example, in the 100
Area, the river runs southwest to northeast at 100-N and northwest to southeast at 100-F. The
wind direction frequency for 100-N shows a high frequency of winds from the west-southwest
and southwest, while 100-F shows a high frequency of winds from the southeast and south-
southeast (Figure 4.1-2). The 60-m (197-ft) tower at the 100-N Area provides additional data to
define the wind up to 60 m (197 ft) above ground level. Winds aloft are less influenced by )
surface features than winds near the surface, as shown by the much smaller frequency of winds
from the west-southwest and southwest at 60 m (197 ft) at 100-N (Figure 4.1-3).

Prevailing winds in the 200 Areas (i.e., HMS) tend to come from the west through the
northwest, the direction of summer drainage winds; sites further south (i.e., FFTF) show
prevailing winds that come from the south through the southwest (Figure 4.1-2). Even stations
close together can exhibit significant differences. For example, the stations at Rattlesnake
Springs and the 200 West Area are separated by about 5 km (3 mi), yet the wind patterns at the
two stations are very different (see Figure 4.1-2). Thus, care should be taken when assessing the
appropriateness of the wind data used in estimating environmental impacts. When possible, wind
data from the closest representative station should be used for assessing local dispersion
conditions. For elevated releases, the most representative data may come from the closest
representative 60-m (197-ft) tower rather than the nearest 9.1-m (30-ft) tower.

4.1.8 Nonradiological Air Quality S

Ambient Air Quality Standards have been set by the U.S. Environmental Protection Agency
(EPA) and by the State of Washington (see Section 6.2.1). Ambient air is that portion of the
atmosphere, external to buildings, to which the general public has access (40 CFR 50). The
standards define levels of air quality that are necessary, with an adequate margin of safety, to
protect the public health (primary standards) and the public welfare (secondary standards).
Standards exist for sulfur oxides (measured as sulfur dioxide), nitrogen dioxide, carbon
monoxide, total suspended particulates (TSP), fine particulates (PM,,), lead, and ozone. The
standards specify the maximum pollutant concentrations and frequencies of occurrence that are
allowed for specific averaging periods. The averaging periods vary from 1 hour to 1 year,
depending on the pollutant.

For areas meeting ambient air standards, the EPA has established the Prevention of
Significant Deterioration (PSD) program to protect existing ambient air quality while at the same
time allowing a margin for future growth. The Hanford Site operates under a PSD permit
issued by the EPA in 1980. The permit provides specific limits for emissions of oxides of
nitrogen from the Plutonium-Uranium Extraction (PUREX) and Uranium Trioxide (UO;) Plants.

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
standards for sulfur dioxide and TSP. In addition, Washington State has established standards
for other pollutants, such as fluoride, that are not covered by national standards. The state
standards for carbon monoxide, nitrogen dioxide, ozone, PM,,, and lead are identical to the
national standards. Table 4.1-30 summarizes the relevant air quality standards (federal and
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Figure 4.1-3. Wind Roses at the 60-m (200-ft) Level of the Hanford Meteorological
Monitoring Network, 1986 to 1998.
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Table 4.1-30. National and Washington State Ambient Air Quality Standards. ©®

National Secondary

Pollutant National Primary Washington State
Total Suspended Particulates
Annual geometric mean NS® "~ NS 60 pg/m®
24-h average ' NS NS 150 pg/m®
PM-10 (fine particulates)
Annual arithmetic mean 50 pg/m® 50 pg/m® 50 pg/m’®
24-h average 150 pg/m® 150 pg/m® . 150 pg/m®
Sulfur Dioxide
Annual average 0.03 ppm NS 0.02 ppm
=80 pg/m’) (=50 pg/m®)
24-h average 0.14 ppm NS 0.10 ppm
(=370pg/m’) (2260 pg/m®)
3-h average NS 0.50 ppm NS
_ (=13 mg/m’) - .
1-h average NS NS 0.40 ppm
' (1.0 mg/m®)®
Carbon Monoxide
8-h average 9 ppm 9 ppm 9 ppm
(=10 mg/m®) (210 mg/m’) (210 mg/m®)
1-h average 35 ppm 35 ppm 35 ppm
(=40 mg/m®) (=40 mg/m®) (240 mg/m’)
Ozone
1-h average 0.12 ppm 0.12 ppm 0.12 ppm
(2230 pg/m’) (2230 pg/m’®) (=230 pg/m’)
Nitrogen Dioxide
Annual average 0.05 ppm 0.05 ppm 0.05 ppm
(=100 pg/m®) (2100 pg/m®) (=100 pg/m®)
Lead ‘
Quarterly average 1.5 pg/m® 1.5 pg/m® 1.5 pg/m’

@ Source: Ecology (1997). 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 microgram per
cubic meter. Gaseous pollutants are in parts per million and equivalent microgram (or milligram) per

cubic meter.

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

meter.
® NS =no standard.

© 0.25 ppm not to be exceeded more than twice in any 7 consecutive days.
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supplemental state standards).

On July 18, 1997 the EPA issued new air quality standards for particulate matter and ozone
(Ecology 1997). These new standards include a standard for fine particulate matter with a
diameter of 2.5 pum or less (PM,s5). Decisions on violations of the new particulate matter and
ozone standard will be delayed for 5 to 8 years to give states time to set up monitoring networks
and obtain 3 years of data. Table 4.1-31 shows the new and revised standards for particulate
matter and ozone.

4.1.8.1 Prevention of Significant Deterioration

Nitrogen oxide emissions from the PUREX and UQ; Plants are permitted under the PSD
program. These facilities were not operated in 1997, and no PSD permit violations occurred.
Neither the PUREX nor the UO; plants are expected to operate again.

4.1.8.2 Emissions of Nonradiological Pollutants

Nonradiological pollutants are mainly emitted from power-generating and chemical-
processing facilities located on the Hanford Site. Table 4.1-32 summarizes the 1997 emission
rates of nonradiological constituents from these facilities. The 100, 400 and 600 Areas have no
nonradioactive emission sources of concern (Dirkes and Hanf 1998).

Table 4.1-31. New and Revised Standards for Particulate Matter (PM) and Ozone. ©

Standard Level Form

Annual PM;, 50 pg/m’ 3-year average of annual mean

24-Hour PM;, 150 pg/m’ 3-year average of 99™ percentile monitored concentration
Annual PM, 5 15 pg/m’ 3-year average of annual mean

24-Hour PM, 5 65 pg/m’ 3-year average of 98™ percentile monitored concentration
8-Hour Ozone 0.08 ppm 3-year average of 4™ highest monitored daily concentration

@ Source: Ecology (1997); Particulate Concentrations are in microgram per cubic meter; Ozone
concentration is in parts per million.
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Table 4.1-32. Non-radioactive Constituents Discharged to the Atmosphere, 1997®

(Dirkes and Hanf 1998).
Release, kg

Constituent 200-East Area 200-West Area 300 Area
Particulate matter- 141x10° 5.62x 10 1.07x 10*
Nitrogen oxides 1.61x 10° 1.65x10* 3.80x 10
Sulfur oxides 2.35x10° 1.97 x 10 1.44x%10°
Carbon monoxide 5.33x 10 1.78x 10° 3.46x 10°
Lead 1.40x 10 : 3.46x 107 2.05x 10
Volatile organic compounds® 1.15x 10° 1.81 x 10 1.94 x 10?
Ammonia® 3.60 x 10° 2.79 x 10° NM©@
Arsenic 1.50x 10? 1.16x 107 1.20x 10’
Beryllium 2.02 x 10! 6.92x 103 4.44x 10"
Cadmium 1.19x 10 3.05x 107 - 2.23x 10!
Carbon tetrachloride NE@ . 227x107@ NE
Chromium 434 x 10 1.32x 10" 1.35x 10"
Cobalt NE NE 1.28x 10!
Copper 2.73 x 10? 7.75x 107 2.94x 10"
Formaldehyde 6.12x 10 1.12x 10° 428x 10
Manganese _ 6.01 x 107 3.88x 107 7.82x 10°
Mercury 4.43x%10° 831x10° 3.38x10°
Nickel 3.57 x 10 498x102 . ' 246x10
Polycyclic organic matter NE ) 435 x 10 5.80x10°
Selenium 5.42x 10! 6.50x 10 4.01x 10°
Vanadium 3.74x 10 1.93x 107 3.19x 10%

@ The estimate of volatile organic compound emissions does not include emissions from certain laboratory operations.

®  Produced from burning fossil fuels for steam generation and electrical generators.

©  Ammonia releases are from the 200-East Area tank farms, 200-West Area tank farms, and operation of the 242-A Evaporator.

@ NE= no emissions; NM = not measured .

© This is an estimated value beciuse over 99% of tile measured values are below the 1-ppmv (parts per million-volume) detection limit.

4.1.8.3 Offsite Monitoring

The Washington State Department of Ecology in 1996 conducted the only offsite monitoring
near the Hanford Site for PM; (Ecology 1998). PM,, was monitored at one location in Benton
County, at Columbia Center Mall, located approximately 17 km (1.0.5 mi) south-southwest of
the 300 Area, in Kennewick. During 1996, the 24-hr PM,, standard established by the state of
Washington, 150 pug/m?, was not exceeded. The Site did not exceed the annual primary standard,
50 pg/m?, during 1996. The arithmetic mean for 1996 was 21 pg/m® at Columbia Center
(Ecology 1998).
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4.1.8.4 Background Monitoring

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

Particulate concentrations can reach relatively high levels in eastern Washington State
because of excephonal natural events (i.e., dust storms, volcanic eruptions, and large brushfires)
that occur in the region. Washington State ambient air quality standards have not considered
“rural fugitive dust” from exceptional natural events when estimating the maximum background
concentrations of particulates in the area east of the Cascade Mountain crest. In June 1996, EPA
adopted the policy that allows dust storms to be treated as uncontrollable natural events. This
means that the EPA may not designate areas affected by dust storms as nonattainment. However,
controls will be developed for human activities that contribute to exceedances during such events
(Ecology 1997).

Areas that require more strict controls on air quality impacts are nonattainment areas (areas
that have exceeded the National Ambient Air Quality Standards) and certain national parks and
wilderness areas called Federal Class I areas. Actions on the Hanford Site may not produce air
quality impacts that significantly affect these areas. The nearest nonattainment areas are the
Wallula area (located approximately 30 km [20 mi] southeast of the site) which is in
nonattainment for PMo and the Yakima area (located about 53 km [33 mi] west of the site) which
is in nonattainment for PM, and carbon monoxide. The major source of PM;, in the Wallula
area is from windblown dust and to a lesser extent, nearby industry. For the Yakima area, the
EPA has determined that the PM, standards have been met, and the area will soon be designated
as in attainment (Ecology 1998). Yakima exceeded the carbon monoxide standard back in the
1980s, but has not exceeded the standard since that tirne. The nearest federal Class I areas to the
Hanford Site are Mount Rainer National Park, located 160 km (100 mi) west of the site; Goat
Rocks Wilderness Area, located approximately 145 kin (90 mi) west of the site; Mount Adams
Wilderness Area, located approximately 150 km (95 rai) southwest of the site; and Alpine Lakes
Wilderness Area, located approximately 175 km (110 mi) northwest of the site.

4.1.9 Radiological Air Quality

Airborne effluents that may contain radioactive constituents are continually monitored at the
Hanford Site. Samples are analyzed for gross alpha and gross beta activity as well as selected
radionuclides.

Radioactive emissions during 1997 originated in the 100, 200, 300, and 400 Areas. 100 Area
emissions originated from the deactivation of N reactor, K Basins (irradiated fuel found in 2
water-filled storage basins), a re-circulation facility designed to filter radioactive water from the
N Reactor basin, and a radiochemistry laboratory. 200 Area emissions originated from the
PUREX Plant, Plutonium Finishing Plant, T Plant, 222-S Laboratory, underground storage tanks,
and waste evaporators. 300 Area emissions originated from the 324 Waste Technology
Engineering Laboratory, 325 Applied Chemistry Laboratory, 327 Post-Irradiation Laboratory,
and 340 Vault and Tanks. 400 Area emissions originated at the FFTF and Maintenance and
Storage Facility (Dirkes and Hanf 1998). A summary of radiological air emissions is provided in
Table 4.1-33.
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Table 4.1-33. Radionuclides Discharged to the Atmosphere at the Hanford Site, 1997

(Dirkes and Hanf 1998).
Release, Ci®

Radionuclide Half-Life 100 Areas  200-East Area 200-West Area 300 Area 400 Area
Tritium (s HTO)® 123 yr NM® NM NM 1.5x10° 7.9x 10°
Tritium (as HT)® 123 yr NM NM NM 2.1x 10 NM
Cobalt-60 53yr ND®@ ND ND 8.3x101° NM
Zinc-65 244.44d ND ND ND ND NM
Strontium-90 20.1yr 21x10°  25x10%@ 3.0x10%0  1.5x%10°@ NM
Zirconium-95 64.02d ND ND ND ND NM
Ruthenium-106 368d ND ND NM ND NM
Tin-113 115.1d ND ND NM ND NM
Antimony-125 2.77 yr 3.7x10° ND NM ND NM
Todine-129 1.6x10"yr NM 14x10° NM ND NM
Todine-131 8.040d NM ND NM ND ND
Cesium-134 2.1yr ND ND ND ND NM
Cesium-137 30yr 55x10° 9.1x10* 7.7x10° 79x107  4.6x10%9
Europium-152 13.6 yr ND ND ND ND NM
Europium-154 8.8 yr ND ND ND ND NM
Europium-155 5yr ND ND ND ND NM
Radon-220 56s NM NM NM 5.0x10! NM
Radon-222 3.8d NM NM NM 1.6x 10° NM
Plutonium-238 87.7yr 5.8x107 1.8x107 22x10° 9.5x107° NM
Plutonium-238/240 24x10*yr 3.9x10%  6.3x10° 1L1x10%9  11x10% 38x107®
Plutonium-241 144 yr 40x10° 6.4x10% 46x10° NM NM
Americium-241 432 yr 25x10% . 4.8x10° 2.0x10°% 6.5x10% NM

@ 1 Ci=3.7x 10" Bq; NM = not measured; ND = not detected.

® HTO =tritiated water vapor; HT = elemental tritium.
© This value includes gross beta release data. Gross beta and unspecified beta results assumed to be strontium-90 for dose calculations.
© The 400 Area's cesium-137 value is derived fully from gross beta measurements
© This value includes gross alpha release data. Gross alpha and unspecified alpha results assumed to be plutonium-239/240 for dose calculations.

4.2 Geology

S. M. Goodwin and A. C. Rohay

Geologic considerations for the Hanford Site include physiography, stratigraphy, structural
geology, soil characteristics, and seismicity.

4.2.1 Physiography

The Hanford Site lies within the Columbia Basin subprovince of the Columbia Intermontane
Province (Figure 4.2-1). The Columbia Intermontane Province is the product of Miocene flood

basalt volcanism and regional deformation that occurred over the last 17 million years. The
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Figure 4.2-1. Physiographic Provinces of the Pacific Northwest, with Columbia
Intermontane Province Shown in White (DOE 1988).

Columbia Plateau is that portion of the Columbia Intermontane Province that is underlain by
the Columbia River Basalt Group (Thornbury 1965).

The low-relief plains of the Central Plains subprovince and anticlinal ridges of the Yakima
Folds physiographic section dominate the physiography of the Hanford Site (DOE 1988). The
surface topography has been modified within the past several million years by several
geomorphic processes: 1) Pleistocene cataclysmic flooding, 2) Holocene eolian activity, and 3)
landsliding. Cataclysmic flooding occurred when ice dams in western Montana and northern
Idaho were breached, allowing large volumes of water to spill across eastern and central
Washington forming the channeled scablands and depositing sediments in the Pasco Basin.
The last major flood occurred about 13,000 years ago, during the late Pleistocene Epoch.
Anastomosing flood channels, giant current ripples, bergmounds, and giant flood bars are
among the landforms created by the floods. Waste management facilities in the 200 Area are
located on one prominent flood bar, the Cold Creek bar (Figure 4.2-2) (DOE 1988).

Since the end of the Pleistocene, winds have locally reworked the flood sediments, depositing
dune sands in the lower elevations and loess (windblown silt) around the margins of the Pasco
Basin. Many sand dunes have been stabilized by anchoring vegetation except where they have
been reactivated by human activity disturbing the vegetation.

Landslides occur along the north limbs of some Yakima Folds and along steep river

embankments such as White Bluffs. Landslides on the Yakima Folds occur along contacts
between basalt flows or sedimentary units intercalated with the basalt, whereas active landslides
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Figure 4.2-2. Paleoflow Directions and Landforms Associated with Cataclysmic
Flooding in the Central Columbia Plateau (DOE 1988).

at White Bluffs occur in suprabasalt sediments. The active landslides at White Bluffs are
principally the result of irrigation activity east of the Columbia River.

4.2.2 Stratigraphy

The stratigraphy of the Hanford Site consists of Miocene-age and younger rocks. Older
Cenozoic sedimentary and volcaniclastic rock underlie the Miocene and younger rocks but are
not exposed at the surface. The Hanford Site stratigraphy is summarized in Figure 4.2-3 and
described in the following subsections. A more detailed discussion of the Hanford Site
stratigraphy is given by DOE 1988; Delaney et al. 1991; Reidel et al. 1992.

4.2.2.1 Columbia River Basalt Group

The Columbia River Basalt Group (Figure 4.2-3) consists of an assemblage of tholeiitic,
continental flood basalts of Miocene age. These flows cover an area of more than 163,170 km?
(63,000 mi®) in Washington, Oregon, and Idaho and have an estimated volume of about
174,000 km?® (67,200 mi’) (Tolan et al. 1987). Isotopic age determinations suggest flows of the
Columbia River Basalt Group were erupted during a period from approximately 17 to 6 million
years ago, with more than 98% by volume being erupted in a 2.5-million-year period (17 to
14.5 million years ago). '

Columbia River basalt flows were erupted from north-northwest-trending fissures or linear

vent systems in north-central and northeastern Oregon, eastern Washington, and western Idaho
(Swanson et al. 1979a,b; Waters 1961). The Columbia River Basalt Group is formally divided
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into five formations, from oldest to youngest: Imnaha Basalt, Picture Gorge Basalt, Grande
Ronde Basalt, Wanapum Basalt, and Saddle Mountains Basalt. Of these, only the Grande Ronde,
Wanapum, and Saddle Mountains Basalts are known to be present in the Pasco Basin.-

The Saddle Mountains Basalt forms the uppermost basalt unit in the Pasco Basin except
along some of the bounding ridges where Wanapum and Grande Ronde Basalt flows are
exposed.

4.2.2.2 Ellensburg Formation

The Ellensburg Formation (Figure 4.2-3) includes epiclastic and volcaniclastic sedimentary
rocks interbedded with the Columbia River Basalt Group in the central and western part of the
Columbia Plateau (Schmincke 1964; Smith 1988; Swanson et al. 1979a,b). The age of the
Ellensburg Formation is principally Miocene, although locally it may be equivalent to early
Pliocene. The thickest accumulations of the Ellensburg Formation lie along the western margin
of the Columbia Plateau where Cascade Range volcanic and volcaniclastic materials interfinger
with the Columbia River Basalt Group. Within the Pasco Basin, individual interbeds, primarily
in the Wanapum and Saddle Mountains Basalts, have been named (i.e., Mabton, Selah, and Cold
Creek). The lateral extent and thickness of interbedded sediments generally increase upward in
the section (Reidel and Fecht 1981). Two major facies, volcaniclastic and fluvial, are present
either as distinct or mixed deposits. Deposition along the western margin of the plateau was
primarily by volcanic debris flows (lahars) and related stream and sheet floods. Some airfall and
pyroclastic-flow deposits are present. Airfall tuff is the dominant volcaniclastic material at the
Hanford Site (Reidel et al. 1992).

4.2.2.3 Suprabasalt Sediments

The suprabasalt sediments within and adjacent to the Hanford Site (Figure 4.2-3) are
dominated by the fluvial-lacustrine Ringold Formation and glaciofluvial Hanford formation, with
minor eolian and colluvium deposits (Baker et al. 1991; DOE 1988; Tallman et al. 1981).

Ringold Formation. Late Miocene to Pliocene deposits younger than the Columbia River
Basalt Group are represented by the Ringold Formation within the Pasco Basin (Grolier and
Bingham 1978; Gustafson 1973; Newcomb et al. 1972; Rigby and Othberg 1979; Lindsey 1996).
The fluvial-lacustrine Ringold Formation was deposited in generally east-west trending valleys
by the ancestral Columbia River and its tributaries in response to development of the Yakima
Fold Belt. While exposures of the Ringold Formation are limited to White Bluffs within the
central Pasco Basin and to Smyrna and Taunton Benches north of the Pasco Basin, extensive data
on the Ringold Formation are available from boreholes.

Newcomb (1958) used well logs to extend the Ringold Formation to include subsurface
sediments down to the underlying basalt bedrock based on lithologic similarity and continuity of
strata exposed at the surface. Newcomb was the first to divide the Ringold Formation into
lithostratigraphic units, a lower "blue clay" unit composed of silt, clay, sand, and gravel; a middle
gravel and sand unit known as the "conglomerate member" and an upper unit composed of silt,
sand, clay, volcanic ash, and gravel. Continued studies of the Ringold Formation at the Hanford
Site expanded the number of lithostratigraphic units (Myers et al. 1979; Tallman et al. 1979;
Bjornstad 1984, 1985; DOE 1988). Other studies divided the Ringold into lithofacies (Grolier
_ and Bingham 1978; Grolier 1978; Tallman et al. 1981) and a series of fining-upward sequences
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(PSPL 1982). These studies have proven to be of limited use in that they either overgeneralized
the stratigraphic variation in the Ringold Formation for widespread use or are valid only within
specific study areas on the Hanford Site.

Recent investigations (Lindsey and Gaylord 1990; Lindsey 1991a, 1996) indicate that
Ringold strata are best described and interpreted on the basis of facies associations. These
studies demonstrate that the Ringold Formation can be divided into several stratigraphic
packages defined on the basis of dominant facies associations. Facies associations are each
defined on the basis of lithology, stratification, and facies architecture. The following facies
are defined for the Ringold Formation on the basis of sediment characteristics and depositional
environments. A more detailed description of the Ringold facies associations and their
characteristics can be found in Lindsey 1996. Stratigraphic columns for the Hanford Site
showing geologic correlations among various authors are exhibited in Figure 4.2-4.

Facies Association I: Clast- and matrix-supported pebble-to-cobble gravel fine to coarse sand
matrix. Intercalated lenticular sand and silt lenses may also be present. Cementation varies
throughout the facies from none to well developed. Primary cements include calcium carbonate,
iron oxides, and silica. Clast composition is variable with basalt, quartzite, porphyritic volcanics,
and greenstone the most common rock types. Less tvpical are silicic plutonic rocks, gneisses, and
volcanic breccias. Matrix sands are predominantly quartzo-feldspathic with a subordinate basalt
lithic fraction. Stratification includes crudely defined massive bedding and low angle trough
cross-bedding. Planar cross beds may be well developed locally. Deposition of facies association
1 was characterized by alternating periods of high and low flow in a gravely fluvial braidplain
with wide, shallow, shifting channels (Reidel et al. 1992; Lindsey 1996).

Facies Association II: Fine to coarse quartzo-feldspathic sand similar in composition to sand in
facies association I. Sands are typically light tan to buff, but may include brown, red-brown, and
yellow-brown, or salt-and-pepper colors. Intercalated silt and pebble beds may be present.
Stratification primarily is composed of planar and trough cross-bedded sand lenses overlying
scoured bases (Lindsey 1996). Facies association II is interpreted to have been bedload
deposition in low sinuosity braided channels.

Facies Association IIl: Laminated to massive silt, silty fine-grained sand, and paleosols
displaying medium to strongly developed blocky beds. Colors range from light gray to brown,
green and black. Red-brown, massive, sand may be found intercalated with the silts and clays as
thin interbeds. Calcium carbonate and silica precipitates are present throughout the unit,
commonly as stringers, nodules, and concretions. Also present are filamentous, branching root
and burrow casts. Silcrete may be found locally. Facies association III formed as overbank,
levee, and crevasse splay deposits in a floodplain environment where pedogenic alteration
occurred (Lindsey 1996).

Facies Association IV: Plane laminated to massive clay with thin silt and silty sand interbeds
dominate this facies. Colors range from gray, tan, and brown in outcrop to gray and blue-gray in
the subsurface (Lindsey 1996). Thin calcium carbonate and iron oxide cemented intervals are
found in outcrop along with evidence of soft sediment deformation. Facies association IV was
deposited in a lake under standing water to deltaic conditions (Reidel et al. 1992). A laterally
continuous, white diatomaceous clay preserit within the association records a period of deposition
into a clear body of water relatively distant from fluvial distributaries (Lindsey 1996).
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Facies Association V: Massive, matrix supported basaltic gravels forming sheetlike tabular
bodies dominate facies association V (Lindsey 1992). These deposits are generally found around
the periphery of the basin and record alluvial fan debris flows and sidestreams draining into the
Pasco Basin (Reidel et al. 1992).

Ringold Formation Facies Association Distribution. The Ringold Formation is divided
into three informal members that are designated as the member of Wooded Island, the member of
Taylor Flats, and the member of Savage Island. Each member contains characteristic facies
associations. The member of Wooded Island is dominated by fluvial gravel (facies association I)
and forms most of the lower half of the Ringold Formation. The member of Taylor Flats forms
the middle part of the Ringold Formation and is dominated by fluvial sands (facies association II)
and overbank-paleosol deposits (facies association III). The member of Taylor Flats interfingers
with the member of Wooded Island in the northern portion of Pasco Basin where fluvial gravels
pinch out. Lacustrine deposits.(facies association I'V) dominate the upper member, the member
of Savage Island (Lindsey 1996). The following is a brief description of each informal member
as defined by Lindsey. The reader should refer to Lindsey 1996 for a more detailed description of
Ringold stratigraphy.

Informal member of Wooded Island. The lower half of the Ringold Formation is
designated as the informal member of Wooded Island and is characterized by five separate
stratigraphic gravel-rich intervals. These gravels are designated units A, B, C, D, and E, and are
separated by deposits typical of facies associations III and IV (laminated to massive silts, clays,
and paleosols). Unit A is the lowermost gravel unit in the Ringold Formation. Unit A was
deposited in a Columbia River braidplain from Sentinel Gap southeast into the Cold Creek
syncline and marks the initial deposition of the Ringold Formation within Pasco Basin.
Overlying unit A is a relatively extensive fine-grained deposit known as the lower mud unit. The
lower mud unit was deposited in a lake that filled most of the Pasco Basin. Overlying the lower
mud unit are two fluvial gravel-dominated units, B and D. Associated with units B and D are
intercalated overbank-paleosol deposits. As the ancestral Columbia River and its tributaries
traveled back and forth across the Pasco Basin, unit B was deposited in the eastern to east-central
Pasco Basin and unit D was deposited in southwestern Pasco Basin. Where units B and D are
absent, overbank and paleosols of facies association III overlie the lower mud unit. Units B and
D are differentiated from overlying units C and E by a locally thick (>10 m) paleosol sequence
typical of facies association I referred to as the sub C+E interval. Where the sub C+E interval is
absent, units B and D are not differentiated from overlying gravel units C and E.

Uppermost gravel units C and E are separated in the eastern Pasco Basin by an unnamed but
widespread paleosol sequence similar in character to the paleosol sequence overlying units B and
D and referred to as the sub E interval. In the western Pasco Basin, the sub E interval is absent
and units C and E are not differentiated. Combined, units C and E form a northwest-to-southeast-
oriented linear body as much as 100 m thick stretching from Sentinel Gap to Wallula Gap in the
subsurface. Units C and E interfinger' with muddy paleosols around the fringe of the Pasco Basin,
especially to the north where units C and E pinch out.

Informal member of Taylor Flats. Approximately 90 m of interbedded fluvial sand (facies
association IT) and overbank fines (facies association IIT) form the member of Taylor Flats.
Outcrops of the member extend the length of the White Bluffs. In the central to western portion
of the Pasco Basin, most of this member has been removed by post-Ringold erosion and only a
thin, discontinuous section remains. This thin erosional remnant has previously been referred to
as the Upper Ringold Unit (Myers et al. 1979; Tallman et al. 1979, 1981; Lindsey et al. 1992).
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Although the member is now absent from much of the Pasco Basin, the distribution of erosional
remnants indicates the member once extended across the entire basin.

Informal member of Savage Island. Lacustrine deposits (facies association IV) dominate
the uppermost Ringold Formation, the 90-m thick member of Savage Island. Three successive
lake-fill sequences are present in the member in the east central Pasco Basin. Each of the
sequences has a basal diatomaceous interval that grades upward into interstratified silt and sand.
The member has been almost completely removed by post-Ringold erosion from the central and
western Pasco Basin. Small outcrops remain locally in shallow ravines along the northwest base
of Rattlesnake Mountain.

Deposition of the Ringold Formation was followed by a period of regional incision in the late
Pliocene to early Pleistocene. Within the Pasco Basin, this is reflected by the abrupt termination
and eroded nature of the top of the Ringold Formation (Bjornstad 1985; Brown 1960; Newcomb
et al. 1972). The exact timing and duration of incision are unknown; however, the incision
probably occurred between 1 and 3.4 million years ago.

Plio-Pleistocene Unit. Pedogenic carbonates overlie and truncate the Ringold Formation
member of Savage Island along the length of the White Bluffs. These carbonates are interpreted
to be correlative to calcium carbonate- and silt-rich strata referred to locally as the Plio-
Pleistocene unit and to multilithologic gravels referred to as the pre-Missoula gravel (Lindsey
1996). Unconformably overlying the Ringold Formation in the vicinity of 200 West is the
laterally discontinuous Plio-Pleistocene unit (Reidel et al. 1992). Distribution of the Pliocene-
Pleistocene unit depends in part on erosion of the underlying Ringold Formation and post-
depositional erosion by catastrophic Missoula floods (Slate 1996). The unit can informally be
divided into two subunits: a coarse-grained facies consisting of weathered and unweathered
basaltic gravels deposited as locally derived slope wash, colluvium, and sidestream alluvium,
and fine-grained pedogenic carbonate horizons that were originally deposited as overbank
sediments (Reidel et al. 1992; Slate 1996; Bjornstad 1984, 1985). Thickness of the Plio-
Pleistocene deposits ranges from 0 to 20 m. The finer and more massive carbonate horizons
influence contaminant migration by slowing its rate of downward movement and potentially
diverting contaminants laterally (Slate 1996). '

Eolian Deposits. Eolian deposits at the Hanford Site include five loess units informally
referred to as units L1 though L5. Loess units are differentiated on the basis of position
relative to other stratigraphic units, color, soil development, and paleomagnetic polarity (Reidel
etal. 1992). The oldest unit is L1, a very compact reddish yellow loess capped by silcrete. The
chemical nature and stratigraphic position of the silcrete suggest that its age is late Pliocene to
early Pleistocene (Reidel et al. 1992). The youngest loess unit in the Pasco Basin is unit L5. It
includes loess deposited since late Wisconsin time (about 20 ka). More specific information
can be found on the various loess units in Reidel et al. (1992).

The main eolian unit in the subsurface at the Hanford Site is the early “Palouse” soil (Reidel
etal. 1992). The Palouse soil overlies the Plio-Pleistocene unit in the Cold Creek syncline area
and is composed of up to 20 m of massive, loess-like silt and minor fine-grained sand (Tallman et
al. 1979, 1981; DOE 1988). The early Palouse soil differs from the overlying Hanford formation
slackwater flood deposits by a greater calcium-carbonate content, massive structure in core
samples, and a high natural gamma response in geophysical logs (DOE 1988). The upper contact
of the unit is poorly defined, and may grade into the overlying silty slackwater deposits of the
Hanford formation. Based on a predominantly reversed polarity, the unit is inferred to be early
Pleistocene in age (Reidel et al. 1992).
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Pre-Missoula Gravels. Sand and gravel river sediments, referred to informally as the pre-
Missoula gravels (PSPL 1982), were deposited after incision of the Ringold and before
deposition of the cataclysmic flood deposits. The pre-Missoula gravels are up to 25 m thick,
contain less basalt than the underlying Ringold gravels and overlying Hanford deposits, and
have a distinctive white or bleached color (Reidel et al. 1992). Composition of the unit is a
quartzose and gneissic clast-supported pebble-to-cobble gravel with a matix of quartzo-
feldspathic sand (Reidel et al. 1992). These sediments appear to occur in a swath that runs from
the Old Hanford townsite on the eastern side of the Hanford Site across the Site toward Horn
Rapids on the Yakima River. Magnetic polarity data indicate that the pre-Missoula gravel unit
is no younger than early Pleistocene in age (> 1 Ma) (Reidel et al. 1992).

Hanford formation. Cataclysmic floods inundated the Pasco Basin a number of times
during the Pleistocene, beginning as early as 1 million years ago (Bjornstad and Fecht 1989);
the last major flood sequence is dated at about 13,000 years ago by the presence of Mount St.
Helens “S” tephra (Mullineaux et al. 1978) interbedded with the flood deposits. The number
and timing of cataclysmic floods continues to be debated. Baker et al. (1991) document as
many as 10 flood events during the last ice age. The largest and most frequent floods came
from glacial Lake Missoula in northwestern Montana; however, smaller floods may have
escaped down-valley from glacial Lakes Clark and Columbia along the northern margin of the
Columbia Plateau (Waitt 1980), or down the Snake River from glacial Lake Bonneville (Malde
1968). The flood deposits informally called the Hanford formation, blanket low-lying areas
over most of the central Pasco Basin.

Cataclysmic floodwaters entering the Pasco Basin quickly became impounded behind
Wallula Gap, which was too restrictive for the volume of water involved. Floodwaters formed
temporary lakes with a shoreline up to 381 m (1250 ft) in elevation, which lasted only a few
weeks or less (Baker 1978). The Hanford formation is thickest in the vicinity of the 200 Areas
where it is up to 65 m (Reidel et al. 1992). .

“The Hanford formation is divided into three facies: (1) gravel-dominated, (2) sand-
dominated, and (3) silty (Reidel et al. 1992). These facies are referred to as coarse-grained
deposits, plane-laminated sands facies, and rhythmite facies in Baker et al. (1991). Locally, the
gravel-dominated facies is commonly referred to as the “Pasco Gravels” and the silty facies is
often designated as “Touchet Beds.”

The gravel-dominated facies generally consist of coarse-grained basaltic sand and granule-to-
boulder gravel. Deposits display massive bedding, plane to low-angle bedding, and large-scale
planar cross-bedding in outcrop. The gravels usually are matrix-poor and display an open-
framework texture. Lenticular sand and silt beds are intercalated throughout the facies. Gravel
clasts are generally dominated by basalt (50 to 80%). The gravel-dominated facies was
deposited by high-energy floodwaters in or immediately adjacent to the main channel cataclysmic
floodways (Reidel et al. 1992). '

The sand-dominated facies consists of fine-to coarse-grained sand and granule gravel
displaying plane lamination and bedding and less commonly plane bedding and channel-fill
sequences. Silt content is variable, and sands may contain small pebbles and rip-up clasts. The
sands are typically basaltic and are commonly referred to as “salt and pepper” in appearance.
The laminated sand facies was deposited adjacent to main flood channelways during the
waning stages of flooding and is transitional between the gravel-dominated and silty facies
(Reidel et al. 1992).
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The silty facies consists of thinly bedded, plane-laminated and ripple cross-laminated silt and
fine- to coarse-grained sand (Reidel et al. 1992). This facies commonly displays normally graded
rhythimites a few centimeters to several tens of centimeters thick (Bjornstad et al 1987; DOE
1988). These sediments were deposited under slackwater conditions and in back-flooded areas
(DOE 1998a).

Clastic dikes are commonly associated with, but not restricted to, cataclysmic flood deposits
on the Columbia Plateau. While there is general agreement that clastic dikes formed during
cataclysmic flooding, a primary mechanism to satisfactorily explain the formation of all dikes
has not been identified (Supply System 1981). Among the more probable explanations are
fracturing initiated by hydrostatic loading and hydraulic injection associated with receding
floodwaters. These dikes may provide vertical pathways for downward migration of water
through the vadose zone.

Alluvium is present, not only as a surficial deposit along major river and stream courses
(Figure 4.2-5), but also in the subsurface, where it is found underlying, and interbedded with,
proglacial flood deposits. Two types of alluvium are recognized in the Pasco Basin: quartzitic
mainstream and basalt-rich sidestream alluvium. Colluvium (talus and slopewash) is a
common Holocene deposit in moderate-to-high relief areas. Colluvium, like the dune sand that
is found locally in the Pasco Basin, is not commonly preserved in the stratigraphic record.
Varying thicknesses of loess or sand mantle much of the Columbia Plateau. Active and
stabilized sand dunes are widespread over the Pasco Basin (Figure 4.2-5).

Landslide deposits in the Pasco Basin are of variable age and genesis. Most occur within the
basalt outcrops along the ridges, such as on the north side of Rattlesnake Mountain, or steep river
embankments such as White Bluffs, where the Ringold Formation member of Savage Island
crops out in the Pasco Basin (Figure 4.2-5). ‘

4.2.2.4 100 Areas Stratigraphy

The 100 Areas are-spread out along the Columbia River in the northern portion of the Pasco
Basin (Figure 4.0-1). All of the 100 Areas, except the 100-B/C Area, lie on the north limb of the
Wahluke syncline. The 100-B/C Area lies over the axis of the syncline. The top of basalt in the
100 Areas ranges in elevation from 46 m (150 ft) near the 100-H Area to -64 m (-210 ft) below
sea level near the 100-B/C Area. The Ringold Formation and Hanford formation occur
throughout this area; the pre-Missoula gravels may be present near the 100-B/C and 100-K Areas
but are not readily distinguished from Ringold and Hanford sediments. The Plio-Pleistocene unit
and early “Palouse” soil have not been recognized in the 100 Areas.

The Ringold Formation shows a marked west-to-east variation in the 100 Areas (Lindsey
1992). The main channel of the ancestral Columbia River flowed along the front of Umtanum
Ridge and through the 100-B/C and 100-K Areas, before turning south to flow along the front of
Gable Mountain and/or through the Gable Mountain-Gable Butte gap. This main channel
deposited coarse-grained sand and gravel facies of the Ringold Formation (Units A, B, C, and E).
Farther to the north and east, however, the Ringold sediments gradually become dominated by the
lacustrine and overbank deposits and associated paleosols (Ringold Lower Mud Unit of the
member of Wooded Island), with the 100-H Area showing almost none of the gravel facies. In
the 100 Areas, the Hanford formation consists primarily of the gravel-dominated facies, with
local occurrences of the sand-dominated or silty facies. Hydrogeologic reports providing specific
information have been written for each of the 100 Areas. These are as follows: 100-B/C Area -
Lindberg (1993a); 100-D Area - Lindsey and Jaeger (1993); 100-F Area - Lindsey (1992); 100-H
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Area - Lindsey and Jaeger (1993); 100-K Area - Lindberg (1993b); and 100—N Area - Hartman
and Lindsey (1993).

4.2.2,5 200 Areas Stratigraphy

The geology in the 200 West and 200 East Areas is surprisingly different, although they
are separated by a distance of only 6 km (4 mi) (Figure 4.0-1). One of the most complete
suprabasalt stratigraphic sections on the Hanford Site, with most of Lindsey’s (1996) Ringold
units, as well as the Plio-Pleistocene unit, early “Palouse” soil, and the Hanford formation, is
found in the 200 West Area. There are numerous reports on the geology of the 200 West Area,
including Connelly et al. (1992a), Lindsey (1991b), Lindsey et al. 1994), and Reidel et al. (1992).

In the 200 East Area, most of the Ringold Formation units are present in the southern part
but have been eroded in a complex pattern to the north. On the north side of the 200 East Area,
the Hanford formation rests directly on the basalt, and there are no Ringold sediments present.
Erosion by the ancestral Columbia River and catastrophic flooding are believed to have
removed the Ringold Formation from this area. Neither the Plio-Pleistocene unit nor the early
“Palouse” soil have been identified in the 200 East Area. Reports on the geology of the 200
East Area include Connelly et al. (1992b), Lindsey et al. (1992, 1994), and Tallman et al.
(1979).

4.2.2.6 300 Area Stratigraphy

The 300 Area is located 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 Palouse Slope and
the western side of the Pasco Basin. Over most of the Hanford Site, the uppermost basalt flows
belong to the Elephant Mountain Member, but near the 300 Area, even younger flows belonging
to the Ice Harbor Member.are found, causing a relative high in the top of basalt surface (Schalla
et al. 1988). (The Elephant Mountain and Ice Harbor Members are the top two members of the
Saddle Mountains Basalt.) Both Ringold Formation and Hanford formation sediments are found
in the 300 Area; Swanson (1992) describes the geology in more detail.

4.2.3 Structural Geology of the Region

The Hanford Site is located near the junction of the Yakima Fold Belt and the Palouse
structural subprovinces (DOE 1988). These structural subprovinces are defined on the basis of
their structural fabric, unlike the physiographic provinces that are defined on the basis of
landforms. The Palouse subprovince is primarily a regional paleoslope that dips gently toward
the central Columbia Basin and exhibits only relatively mild structural deformation. The Palouse
Slope is underlain by a wedge of Columbia River basalt that overlies the Paleozoic North
American craton and thins gradually toward the east and north and laps onto the adjacent
highlands.

The principal characteristics of the Yakima Fold Belt are a series of segmented, narrow,
asymmetric anticlines that have wavelengths between S and 31 km (3 and 19 mi) and amplitudes
commonly <1 km (0.6 mi) (Reidel 1984; Reidel et al.1989, 1994). These anticlinal ridges are
separated by broad synclines or basins that, in many cases, contain thick accumulations of
Neogene- to Quaternary-age sediments. The deformation of the Yakima Folds occurred under
north-south compression. The fold belt was growing during the eruption of the Columbia River
Basalt Group and continued to grow into the Pleistocene and probably into the present (Reidel
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1984; Reidel et al.1994).

Thrust or high-angle reverse faults with fault planes that strike parallel or subparallel to the
axial trends are principally found along the limbs of the anticlines (Bentley et al. 1980; Hagood
1985; Reidel 1984; Reidel et al. 1994; Reidel and Fecht 1994a,b; Swanson et al. 1979a, 1979b,
1981). The amount of vertical stratigraphic offset associated with these faults varies but
commonly exceeds hundreds of meters.

The Saddle Mountains uplift is a segmented anticlinal ridge extending from near Ellensburg
to the western edge of the Palouse Slope. This ridge forms the northern boundary of the Pasco
Basin and the Wahluke syncline (Fi igure 4.2-6). It is generally steepest on the north, with a
gently dipping southern limb. A major thrust or high-angle reverse fault occurs on the north
side (Reidel 1984; Reidel et al. 1994).

The Umtanum Ridge-Gable Mountain uplift is a segmented, asymmetrical anticlinal ridge
extending 137 km (85 mi) in an east-west direction and passing north of the 200 Areas (Figure
4.2-6), forming the northern boundary of the Cold Creek syncline and the southern boundary of
the Wahluke syncline. Three of this structure’s segments are located on or adjacent to the
Hanford Site. From the west, Umtanum Ridge plunges eastward toward the Pasco Basin and
merges with the Gable Mountain-Gable Butte segment. The latter segment then merges with the
Southeast anticline, which trends southeast before dying out near the Columbia River eastern
boundary of the Gable Mountain-Gable Butte segment.

There is a major thrust to high-angle reverse fault on the north side of the Umtanum Ridge
structure (PSPL 1982; Reidel and Fecht 1994b) that dies out as it plunges eastward past the Gable
Mountain-Gable Butte segment. Gable Mountain and Gable Butte are two topographically
isolated, anticlinal ridges composed of a series of northwest-trending, doubly plunging, echelon
anticlines, synclines, and associated faults. The potential for present-day faulting has been
identified on Gable Mountain (PSPL 1982).

The Yakima Ridge uplift extends from west of Yakima to the center of the Pasco Basin,
where it forms the southern boundary of the Cold Creek syncline (DOE 1988; Reidel and Fecht
1994a) (Figure 4.2-6). The Yakima Ridge anticline plunges eastward into the Pasco Basin,
where it continues on a southeastern trend mostly buried beneath sediments. A thrust to high-
angle reverse fault is thought to be present on the north side of the anticline, dying out as the
fold extends to the east.

Rattlesnake Mountain is an asymmetrical anticline with a steeply dipping and faulted
northern unit that forms the southern boundary of the Pasco Basin (Figure 4.2-6). It extends from
the structurally complex Snively Basin area southeast to the Yakima River, where the uplift
continues as a series of doubly plunging anticlines (Fecht et al. 1984; Reidel and Fecht 1994a).
At Snively Basin, the Rattlesnake Mountain structure intersects the Rattlesnake Hills anticline,
which extends beyond Yakima and has an east-west trend.
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The Cold Creek syncline (Figure 4.2-6) lies between the Umtanum Ridge-Gable Mountain
uplift and the Yakima Ridge uplift. The Cold Creek syncline is an asymmetric and relatively
flat-bottomed structure (DOE 1988; Reidel and Fecht 1994a). The Wahluke syncline lies
between the Saddle Mountains and the Umtanum Ridge-Gable Mountain uplifts. It too is
asymmetric and relatively flat-bottomed, and it is broader than the Cold Creek syncline (Myers
et al. 1979; Reidel and Fecht 1994b).

The Cold Creek Fault (Reidel and Fecht 1994a) occurs on the west end of the Cold Creek
syncline and coincides with a west-to-east change in hydraulic gradient (Figure 4.2-6). The
data suggest that this feature is a high-angle fault that has faulted the basalts and, at least, the
older Ringold units (Johnson et al. 1993). This fault apparently has not affected younger
Ringold units or the Hanford formation.

Another fault, informally called the May Junction fault (Reidel and Fecht 1994a), is located
nearly 4.5 km (3 mi) east of the 200 East Area. Like the Cold Creek fault, this fault is thought to
be a high-angle fault that has offset the basalts and the older Ringold units. It does not appear
to have affected the younger Ringold units or the Hanford formation.

4.2.4 Soils

Hajek (1966) describes 15 different soil types on the Hanford Site, varying from sand to silty
and sandy loam. These are shown in Figure 4.2-7 and briefly described in Table 4.2-1. Various
classifications, including land use, are also given in Hajek (1966). The soil classifications given
in Hajek (1966) have not been updated to reflect current reinterpretations of soil classifications.
Until soils on the Hanford Site are resurveyed, the descriptions presented in Hajek (1966) will
continue to be used.

4.2.5 Seismicity

The historic record of earthquakes in the Pacific Northwest dates from 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 Mercalli Intensity (MMI) scale, and is probably
incomplete because the region was sparsely populated. The historical record appears to be
complete since 1905 for MMI V and since 1890 for MMI VI (Rohay 1989). Seismograph
networks did not start providing earthquake locations and magnitudes of earthquakes in the
Pacific Northwest until about 1960. A comprehensive network of seismic stations that provides
accurate locating information for most earthquakes of 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 (Richter magnitude >7) in the Pacific Northwest have occurred near Puget
Sound, Washington, and near the Rocky Mountains in eastern Idaho and western Montana. One
of these events occurred near Vancouver Island in 1946, and produced a maximum MMI of VIII
and a Richter magnitude of 7.3. Another large event occurred near Olympia, Washington, in
1949 that had a maximum intensity of MMI VIII and a Richter magnitude of 7.1. The two largest
events near the Rocky Mountains were the 1959 Hebgen Lake 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.
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Figure 4.2-7. Soil Map of the Hanford Site (Hajak 1966).
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Table 4.2-1. Soil Types on the Hanford Site (Hajek 1966)

Name (symbol)

Description

Ritzville Silt Loam (Ri)

Rupert Sand (Rp)

Hezel Sand (He)

Koehler Sand (Kf)

Burbank Loamy Sand (Ba)

Ephrata Sandy Loam (EI)

Lickskillet Silt Loam (Ls)

Ephrata Stony Loam (Eb)

Dark-colored silt loam soils 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 >150 cm (60 in.) deep, but bedrock may occur
between 75 and 150 cm (30 and 60 in.).

One of the most extensive soils on the Hanford Site. Brown-to-
grayish-brown coarse sand grading to dark grayish-brown at 90 cm
(35 in.). Developed under grass, sagebrush, and hopsage in coarse
sandy alluvial deposits that were mantled by wind-blown sand.
Hummocky terraces and dune-like ridges.

Similar to Rupert sands; however, a laminated grayish-brown

strongly calcareous silt loam subsoil is usually encountered within
100 cm (39 in.) of the surface. Surface soil is very dark brown and
was formed in wind-blown sands that mantled lake-laid sediments.

Similar to other sandy soils 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
Sands. Calcareous subsoil is usually dark grayish-brown at about
45 cm (18 in.).

Dark-colored, coarse-textured soil underlain by gravel. Surface
soil is usually about 40 cm (16 in.) thick but can be 75 cm (30 in.)
thick. Gravel content of subsoil ranges from 20% to 80%.

Surface is dark colored and subsoil is dark grayish-brown medium-
textured soil underiain by gravelly material, which may continue
for many feet. Level topography.

Occupies ridge slopes of Rattlesnake Hills and slopes >765 m
(2509 ft) elevation. Similar to Kiona series except surface soils
are darker. Shallow over basalt bedrock, with numerous basalt
fragments throughout the profile.

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.
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Name (symbol)

Description

Kiona Silt Loam (Xi)

Warden Silt Loam (Wa)

Scootney Stony Silt Loam (Sc)

Pasco Silt Loam (P)

Esquatzel Silt Loam (Qu)

Riverwash (Rv)

Dune Sand (D)

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

Dark grayish-brown soil with a surface layer usually 23 cm (9 in.)
thick. Silt loam subsoil becomes strongly calcareous at about 50
cm (20 in.) and becomes lighter colored. Granitic boulders are found
in many areas. Usually >150 cm (60 in.) deep.

Developed along the north slope of Rattlesnake Hills; usually
confined to floors of narrow draws or small fan-shaped areas where
draws open onto plains. Severely eroded with numerous basaltic
boulders and fragments exposed. Surface soil is usually dark
grayish-brown grading to grayish-brown in the subsoil. .

Poorly drained very dark grayish-brown soil formed in recent
alluvial material. Subsoil is variable, consisting of stratified layers.
Only small areas found on the Hanford Site, located in low areas
adjacent to the Columbia River.

Deep dark-brown soil formed in recent alluvium derived from loess
and lake sediments. Subsoil grades to dark grayish-brown in many
areas, but color and texture of the subsoil are variable because of the
stratified nature of the alluvial deposits.

Wet, periodically flooded areas of sand, gravel, and boulder
deposits that make up overflowed islands in the Columbia River and
adjacent land.

Miscellaneous land type that consists of hills or ridges of sand-sized
particles drifted and piled up by wind and are either actively shifted
or so recently fixed or stabilized that no soil horizons have
developed.
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A larger earthquake of uncertain location occurred in north-central Washington in 1872. This
event had an estimated maximum MMI ranging from VIII to IX and an estimated Richter
magnitude of approximately 7. The distribution of intensities suggests a location within a broad
region between Lake Chelan, Washington, and the British Columbia border.

Seismicity of the Columbia Plateau, as determined by the rate of earthquakes per area and 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
shows the locations of all earthquakes that occurred in the Columbia Plateau before 1969 with an
MMI of >IV and at Richter magnitude >4, and Figure 4.2-9 shows the locations of all
earthquakes that occurred from 1969 to 1998 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 MMI of VII, and was followed by a
number of aftershocks that indicate a northeast-trending fault plane. Other earthquakes with
Richter magnitudes >5 an/or MMIs of VI occurred along the boundaries of the Columbia Plateau
in a cluster near Lake Chelan extending into the northern Cascade Range, in northern Idaho and
Washington, and along the boundary between the western Columbia Plateau and the Cascade
Range. Three MMI VI earthquakes have occurred within the Columbia Plateau, including one
event in the Milton-Freewater, Oregon, region in 1921; one near Yakima, 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 Site is a region of
concentrated earthquake swarm activity, but earthquake swarms have also occurred in several
locations within the Hanford Site. The frequency of earthquakes in 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 shallow depths, with 75% of the events located at depths <4 km. Each earthquake swarm
typically lasts several weeks to months, consists of several to 100 or more earthquakes, and the
locations are clustered in an area 5 to 10 km in lateral dimension. Often, the longest dimension of
the swarm area is 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, throughgoing fault plane.

Earthquakes in the central Columbia Plateau also occur to depths of about 30 km. 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 Basalts, and 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 Mountains 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.
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Figure 4.2-8. Historical Seismicity of the Columbia Plateau and Surrounding Areas.
All earthquakes between 1850 and March 20, 1969, with a Modified
Mercalli Intensity of V or larger or a Richter magnitude of 4 or larger are

shown (Rohay 1989).
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Figure 4.2-9. Seismicity of the Columbia Plateau and Surrounding Areas as Measured

by Seismographs. All earthquakes from 3/20/1969 to 12/31/1997 with

Richter magnitude 3 or larger are shown. Data sources UWGP (1999)
and CNSS (1999).
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Earthquake focal mechanisms in 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 Yakima Fold Belt
(Rohay 1987). However, earthquake focal 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 Yakima Fold Belt. Earthquake focal
mechanisms in 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 the 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
(now Energy Northwest) Project WNP-2, the U.S. Nuclear Regulatory Commission (NRC 1982)
concluded that four earthquake sources should be considered for seismic design: the Rattlesnake-
Wallula alignment, Gable Mountain, a floating earthquake in the tectonic province, and a swarm
area.

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, and for Gable Mountain,
an east-west structure that passes through the northern portion of the Hanford Site, a maximum
Richter magnitude of 5.0. These estimates were based upon the inferred sense of slip, the fault
length, and/or the fault area. The floating earthquake for the tectonic province was developed
from the largest event located in the Columbia Plateau, the Richter magnitude 5.75 Milton-
Freewater earthquake. The maximum swarm earthquake for the purpose of WNP-2 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 this event 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 site-specific hazard analysis (Geomatrix 1994,
1996) estimated that 0.10 g (1 g is the 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).

4.3 Hydrology
P.D. Thorne

Hydrology considerations at the Hanford Site include surface water and groundwater.

4.3.1 Surfacg Water

Surface water at Hanford includes the Columbia River, Columbia riverbank seepage, springs,
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and ponds. In addition, the Yakima River flows along a short section of the southern boundary
of the Site (Figure 4.3-1), and there is surface water associated with irrigation east and north of
the Hanford Site.

4.3.1.1 Columbia River

The Columbia River is the second largest river in the contiguous United States in terms of
total flow and is the dominant surface-water body on the Hanford Site. The original selection
of the Hanford Site for plutonium production and processing was based, in part, on the
abundant water provided by the Columbia River. The existence of the Hanford Site has
precluded development of this section of river for irrigation and power, and the Hanford Reach
of the Columbia River is currently under consideration for designation as a National Wild and
Scenic River as a result of congressional action in 1988 (see Section 6.2.6).

Originating in the mountains of eastern British Columbia, Canada, the Columbia River
drains a total area of approximately 680,000 km? (262,480 mi?) en route to the Pacific Ocean.
Flow of the Columbia River is regulated by 11 dams within the United States, 7 upstream and 4
downstream of the Site. Priest Rapids is the nearest upstream dam, and McNary is the nearest
downstream dam. Lake Wallula, the impoundment created by McNary Dam, extends up near
Richland, Washington. Except for the Columbia River estuary, the only unimpounded stretch
of the river in the United States is the Hanford Reach, which extends from Priest Rapids Dam
to the head of Lake Wallula.

Flows through the Hanford Reach fluctuate significantly and are controlled primarily by
releases from Priest Rapids Dam. Annual flows near Priest Rapids during the 68 years prior to
1985 averaged nearly 3360 m®/s (120,000 ft*/s) (McGavock et al. 1987). Daily average flows
during this period ranged from 1000 to 7000 m*/s (36,000 to 250,000 ft*/s). During the last 10
years, the average daily flow was also about 3360 m*/s (120,000 ft*/s). However, larger than
normal snowpacks resulted in exceptionally high spring runoff during 1996 and 1997. The peak
flow rate during 1997 was nearly 11,750 m*/s (415,000 f*/s) (DART 1999). Average daily flows
from 1989 through August 1999 are plotted in Figure 4.3-2. Flows typically peak from April
through June during spring runoff from snowmelt, and are lowest from September through
October. As a result of daily fluctuations in discharges from Priest Rapids Dam, the depth of the
river varies significantly over a short time period. Vertical fluctuations of 1.5 m (>5 ft) during a
24-hr period are not uncommon along the Hanford Reach (Dirkes 1993). The width of the river
varies from approximately 300 m (1000 ft) to 1000 m (3300 ft) within the Hanford Site.

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 is the 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 located on the Columbia River rely on the river as their source of
drinking water. The Columbia River is also used as a source of both drinking water and
industrial water for several Hanford Site facilities (Dirkes 1993). In addition, the Columbia
River is used extensively for recreation, which includes fishing, hunting, boating, sailboarding,
water-skiing, diving, and swimming.
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4.3.1.2 Yakima River

The Yakima River, which follows a small length of the southern boundary of the Hanford
Site, has much lower flow than the Columbia River. The average flow, based on nearly 60 years
of records, is about 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 {t*/s). Exceptionally high flows were observed
during 1996 and 1997. The peak average daily flow rate during 1997 was nearly 1300 m*/s
(45,900 ft’/s). Average daily flows from 1989 through May 1999 are plotted in Figure 4.3-3.
Approximately one-third of the Hanford Site is drained by the Yakima River System.

4.3.1.3 Springs and Streams

Several springs are found on the slopes of the Rattlesnake Hills, along the western edge of
the Hanford Site (DOE 1988). An alkaline spring at the east end of Umtanum Ridge was also
documented by The Nature Conservancy in their Biodiversity Inventory and Analysis of the
Hanford Site - 1997 Annual Report (Hall 1998). Rattlesnake and Snively springs form 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 its tributary,
Dry Creek, are ephemeral streams within the Yakima 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 Site toward the Yakima River. Surface flow, when
it occurs, 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.

4.3.1.4 Runoff

Total estimated precipitation over the Pasco Basin is about 9 x10® m® (3.2 x 10" ft°)
annually, averaging <20 cm/yr (approximately 8 in./yr). Mean annual runoff from the Pasco
Basin is estimated at <3.1 x 10" m*/yr (1.1 x 10 ft*/yr), or approximately 3% of the total
precipitation. The basin-wide runoff coefficient is zero for all practical purposes. The
remaining precipitation is assumed to be lost through evapotranspiration, with <1% recharging
the groundwater system (DOE 1988). However, studies described by Gee et al. (1992) suggest
that precipitation may contribute recharge to the groundwater in areas where soils are coarse-
textured and bare of vegetation. Studies by Fayer and Walters (1995), Gee and Kirkham
(1984), and Gee and Heller (1985) provide information concerning natural recharge rates and
evapotranspiration at selected locations on the Hanford Site.
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4.3.1.5 Flooding

Large Columbia River floods have occurred in the past (DOE 1987), but the likelihood of
recurrence of large-scale flooding has been reduced by the construction of several flood
control/water-storage dams upstream of the Site. Major floods on the Columbia River are
typically 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 peak discharge at the Hanford Site of 21,000 m*/s (742,000 ft*/s). The floodplain
associated with the 1894 flood is shown in Figure 4.3-4. The largest recent flood took place in
1948 with an observed peak discharge of 20,000 m*/s (700,000 ft*/s) at the Hanford Site. The
probability of flooding at the magnitude of the 1894 and 1948 floods has been greatly reduced
because of upstream regulation by dams (Figure 4.3-5). The exceptionally high runoff during
the spring of 1996 resulted in a maximum discharge of nearly 11,750 m%s (415,000 f*/s)
(DART 1999).

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

There have been fewer than 20 major floods on the Yakima River since 1862 (DOE 1986).
The most severe occurred in November 1906, December 1933, May 1948, and February 1996;
discharge magnitudes at Kiona, Washington, were 1870, 1900, 1050, and 1300 m%/s (66,000,
67,000, 37,000, and 45,900 ft*/s), respectively. (Average flow is 104 m®/s (165 ft’/s), and the
average monthly maximum is 490 m*/s (17,500 ft*/s)). The recurrence intervals for 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 potential of the
river. The southern border of the Hanford Site could be susceptible to a 100-year flood on the
Yakima River (Figure 4.3-6).

Evaluation of flood potential is conducted in part through the concept of the probable
maximum flood, which is determined from the upper limit of precipitation falling on a drainage
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 4.3-7. This flood would inundate parts of the 100 Areas
located adjacent to the Columbia River, but the central portion of the Hanford Site would remain
unaffected (DOE 1986).

The U.S. Army Corps of Engineers (Corps) (1989) has derived the Standard Project Flood
with both regulated and unregulated peak discharges given for the Columbia River downstream
of Priest Rapids Dam. Frequency curves for both natural (unregulated) and regulated peak
discharges are also given for the same portion of the Columbia River. The regulated Standard
Project Flood for this part of the river is given as 15,200 m*/s (54,000 ft*/s) and the 100-year
regulated flood as 12,400 m*/s (440,000 f*/s). No maps for the flooded areas are available.
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Potential dam failures on the Columbia River have been evaluated. Upstream failures could
arise from a number of causes, with the magnitude of the resulting flood depending on the degree
of breaching at'the dam. The Corps evaluated a number of scenarios on the effects of failures of
Grand Coulee Dam, assuming flow conditions of 11,000 m*/s (400,000 f’/s). For emergency
planning, they hypothesized that 25% and 50% breaches, the “instantaneous™ disappearance of
25% or 50% of the center section of the dam, would result from the detonation of nuclear
explosives in sabotage or war. The discharge or floodwave resulting from such an instantaneous
50% breach at the outfall of the Grand Coulee Dam was determined to be 600,000 m*/s (21
million f£/s). In addition to the areas inundated by the probable maximum flood (Figure 4.3-7),
the remainder of the 100 Areas, the 300 Area, and nearly all of Richland, Washington, would be
flooded (DOE 1986; see also ERDA 1976). No determinations were made for failures of dams
upstream, for associated failures downstream of Grand Coulee, or for breaches >50% of Grand
Coulee, for two principal reasons:

1. The 50% scenario was believed to represent the largest realiétically conceivable flow
resulting from either a natural or human-induced breach (DOE 1986), i.e., it was hard to imagine
that a structure as large as Grand Coulee Dam would be 100% destroyed instantaneously.

2. Itwas also assumed that a scenario such as the 50% breach would occur only as the
result of direct explosive detonation, and not because of a natural event such as an earthquake,
and that even a 50% breach under these conditions would indicate an emergency situation in
which there might be other overriding major concerns.

The possibility of a landslide resulting in river blockage and flooding along the Columbia
River has also been examined for an area bordering the east side of the river upstream of the
city of Richland. The possible landslide area considered was the 75 m- (250 ft-) high bluff
generally known as White Bluffs. Calculations were made for an 8 x 10° m® (1 x 10° yd®)
landslide volume with a concurrert 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 sea level. Areas
inundated upstream of such a landslide event would be similar to those shown in Figure 4.3-7
(DOE 1986).

A flood risk analysis of Cold Creek was conducted in 1980 as part of the characterization
of a basaltic geologic repository for high-level radioactive waste. Such design work is usually
done according to the criteria of 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 flood
plain studies, a probable maximum flood evaluation was made for a reference repository
location directly west of the 200 East Area and encompassing the 200 West Area (Skaggs and
Walters 1981). Schematic mapping indicates that access to the reference repository would be
unimpaired but that State Route (SR) 240 along the southwestern and western areas would not
be usable (Figure 4.3-8). :

4.3.1.6 Columbia Riverbank 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 during the Second World War (Jenkins 1922). 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 changes in river level. Riverbank seeps are
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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 groundwater discharges
along the Hanford Reach (Dirkes 1990; DOE 1992a,b; McCormack and Carlile 1984; Peterson
and Johnson 1992).

4.3.1.7 Onsite Ponds and Ditches

Currently active ponds on the Hanford site are shown in Figure 4.3-1. There are no
currently active ditches on the Site. Ponds include West Lake, the 200 Areas Treated Effluent
Disposal Facility (TEDF) disposal ponds, the Liquid Effluent Retention Facility (LERF), and a
400 Area Pond. West Lake is north of the 200 East Area and is a natural feature recharged from
groundwater (Gephardt et al. 1976). West Lake has not received direct effluent discharges from
. Site facilities; rather, its existence is caused by the intersection of the elevated water table with
the land surface in the topographically low area. The two TEDF disposal ponds are each 2 ha (5-
acres) in size and receive non-RCRA-permitted wastewater that meets discharge requirements.
The wastewater percolates into the ground from the disposal ponds. The LERF is a wastewater
holding facility consisting of three RCRA compliant surface impoundments with a total capacity
of 24.6 million L (6.5 million gal). These ponds are equipped with double liners, a leak detection
system, and floating covers (Dirkes and Hanf 1997). The 400 Area Pond is located near the 400
Area and is used for the disposal of process water (primarily cooling tower water) (Dirkes and
Hanf 1998). In addition to these ponds, water storage facilities at the former 100-K Area fuel
production site have been filled with water from the Columbia River and used for fish
production (see Section 4.4.2.1).

The ponds are not accessible to the public and did not constitute a direct offsite
environmental impact during 1993 (Dirkes et al. 1994). However, the ponds are accessible to
migratory waterfowl, creating a potential pathway for the dispersion of contaminants. Periodic
sampling provides an independent check on effluent control and monitoring systems (Woodruff
et al. 1993).

The Nature Conservancy (Hall 1998), documented the existence of several naturally
occurring vernal ponds near Gable Mountain and Gable Butte. These ponds appear to occur
where a depression is present in a relatively shallow buried basalt surface. Water collects
within the depression over the winter resulting in a shallow pond that dries during the summer
months. The formation of these ponds in 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 150 ft x 100 ft. They 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 were found at the eastern end of Gable Mountain.

4.3.1.8 Offsite Surface Water

Other than rivers and springs, there are no naturally occurring bodies of surface water
adjacent to the Hanford Site. However, there are artificial wetlands, caused by irrigation, on
the east and west sides of the Wahluke Slope portion of the Hanford Site, which lies north of
the Columbia River. Hatcheries and irrigation canals constitute the only other artificial surface
water expressions in the area. The ngold Hatchery, just south of the Hanford Site boundary
on the east side of the Columbia River, is the only local hatchery.
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4.3.2 Groundwater

Groundwater is but one of the many interconnected stages of the hydrologic cycle.
Essentially all groundwater, including Hanford’s, originated as surface water either from
natural recharge such as rain, streams, and lakes, or from artificial recharge such as reservoirs,
excess irrigation, canal seepage, deliberate augmentation, industrial processing, and wastewater
disposal.

4.3.2.1 Hanford Site Aquifer System

Groundwater beneath the Hanford Site is found in both an upper unconfined aquifer system
and deeper basalt-confined aquifers. The unconfined aquifer system is also referred to as the
suprabasalt aquifer system. Portions of the suprabasalt aquifer system are locally confined or
semiconfined. However, because the entire suprabasalt aquifer system is interconnected on a
Sitewide scale, it is referred to as the Hanford unconfined aquifer system in this report.

Basalt Confined Aquifer System. Confined aquifers within the Columbia River Basalts are
formed by relatively permeable sedimentary interbeds and the more porous tops and bottoms of
basalt flows. The horizontal hydraulic conductivities of most of these aquifers fall in the range of
1010 10* m/s (3 x 10 to 3 x 10 fi/s). Saturated but relatively impermeable dense interior
sections of the basalt flows have horizontal hydraulic conductivities ranging from 107 to 10?
m/s (3 x 107 to 3 x 107 fi/s), about five orders of magnitude lower than those of the confined
aquifers (DOE 1988). Hydraulic-head information indicates that groundwater in the basalt
confined aquifers generally flows towards the Columbia River and, in some places, towards areas
of enhanced vertical communication with the unconfined aquifer system (Bauer et al. 1985; DOE
1988; Spane 1987). The basalt confined aquifer system is important 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 place in an area of
increased vertical communication near the Gable Mountain anticlinal structure, north of the 200
East Area (Graham et al. 1984; Jensen 1987; Johnson et al. 1993).

Unconfined Aquifer System. Groundwater in the unconfined aquifer 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 area for the unconfined aquifer. A map showing water table elevations for the
Hanford Site and adjacent areas across the Columbia River is shown in Figure 4.3-9. The
Yakima 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 (10 ft).
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 wave is 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, this inland flow of river
water is restricted to within several hundred feet of the shoreline (McMahon and Peterson
1992).
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Natural areal recharge from precipitation across the entire Hanford Site is thought to range
from about 0 to 10 cm/yr (0 to 4 in./yr) but is probably <2.5 cm/yr (1 in./yr) over most of the
Site (Gee and Heller 1985; Bauer and Vaccaro 1990; Fayer and Walters 1995). Since 1944, the
artificial recharge from Hanford wastewater disposal has been significantly greater than the
natural recharge. An estimated 1.68 x 102 L (4.44 x 10" gal) of liquid was discharged to
disposal ponds, trenches, and cribs from 1944 to the present.

Horizontal hydraulic conductivities of sand and gravel facies within the Ringold Formation
generally range from about 107 to 10™ m/s (0.9 to 9 ft/d), compared to 102 to 10 m/s (1,000 to
10,000 fi/d) for the Hanford formation (DOE 1988). Because the Ringold sediments are more
consolidated and partially cemented, they are about 10 to 100 times less permeable than the
sediments of the overlying Hanford 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 a few locations (Newcomb et al. 1972). However,
wastewater discharges have raised the water table elevation across the Site and created
groundwater mounds under the two main wastewater disposal areas in the 200 Areas. Because
of the general increase in groundwater elevation, the unconfined aquifer now extends upward into
the Hanford formation. This change has resulted in an increase in groundwater velocity not only
because of the greater volume of groundwater but also because the newly saturated Hanford
sediments are highly permeable.

After the beginning of Hanford operations in 1943, the water table rose about 27 m (89 ft)
under the U Pond disposal area in the 200 West Area and about 9 m (30 ft) under disposal
ponds near the 200 East Area. The volume of water that has been discharged to the ground at
the 200 West Area is actually less than that discharged at the 200 East Area. However, the '
lower conductivity of the aquifer near the 200 West Area has inhibited groundwater movement
in this area and resulted in a higher groundwater mound.

The presence of the groundwater mounds has locally affected the direction of groundwater
movement, causing radial flow from the discharge areas. Zimmerman et al. (1986) documented
changes in water table elevation between 1950 and 1980. They showed that the edge of the
mounds migrated outward from the sources over time until about 1980. Water levels have
declined over most of the Hanford Site since 1984 because of decreased wastewater discharges
(Hartman and Dresel 1998).

Limitations of Hydrogeologic Information. 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 percentage
of the total unconfined aquifer thickness, and there is a limited number of useful wells for
defining the deeper sediment facies. A number of relatively deep wells were drilled in the early
1980s as part of a study for a proposed nuclear power plant (PSPL 1982), and these data are
helpful in defining facies architecture. For most of the thinner and less extensive sedimentary
units, correlation between wells is. either not possible or uncertain. Coarse-grained units of the
Ringold Formation (e.g., Units A, B, C, D, and E) are more permeable than are the fine-grained
units, which generally act as aquitards that locally confine groundwater in deeper permeable
sediments.

A limited amount of hydraulic property data is available from testing of wells. Hydraulic
test results from wells on the Hanford Site have been compiled for the Hanford Ground-Water
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Project and for environmental restoration efforts (Connelly et al. 1992a,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 transmissivity at a well 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 Residence Times. Tritium and carbon-14 measurements indicate that
residence or recharge time (length of time required to replace the groundwater) takes tens to
hundreds of years for spring waters, from hundreds to thousands of years for the unconfined
aquifer, and more than 10,000 years for groundwater in the shallow confined aquifer (Johnson
et al. 1992). Chlorine-36 and noble gas isotope data suggest ages greater than 100,000 years
for groundwater in the deeper confined systems (Johnson et al. 1992). These relatively long
residence times are consistent with semiarid-site recharge conditions and point to the need for
conservation. For example, in the western Pasco Basin, extensive agricultural groundwater use
of the Priest Rapids Member confined aquifer (recharge time >10,000 years) has lowered the
potentiometric surface >10 m (33 ft) over several square miles to the west of the Hanford Site.
Continued excessive withdrawals along the western edge of the Pasco Basin could eventually
impact the confined aquifer flow directions beneath the Hanford Site (Johnson et al. 1992).

Hydrology East and North of the Columbia River. 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 this area is impacted by high artificial recharge
from irrigation and canal leakage. Areas east and north of the Columbia River are irrigated by
the South Columbia Basin Irrigation District. Artificial recharge has increased water table
elevations in large areas of the Pasco Basin, in some places by as much as 92 m (300 ft) (Drost et
al. 1989).

There are two general hydrologic areas that impinge upon the Hanford Site boundaries to
the east and north of the river. The eastern area extends from north to south between the lower
slope of the Saddle Mountains and the Esquatzel Diversion canal and includes the Ringold
Coulee, White Bluffs area, and Esquatzel Coulee. The water table occurs in 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 this area, the unconfined aquifer is in 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 area is 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 towards the
Columbia River. Bauer et al. (1985) reported that lateral water table gradients are essentially
equal to or slightly less than the structural gradients on the flanks of the anticlinal fold
mountains where the basalt dips steeply.
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4.3.3 Groundwater Quality
4.33.1 Natural Groundwater Quality

The natural quality of groundwater at the Hanford Site varies depending on the aquifer
system and depth, which generally is related to residence time in the aquifer. The background
water quality (i.e., unaffected by Hanford discharges) for the unconfined aquifer are discussed in
DOE (1992b). Background water quality for the unconfined aquifer was later investigated and
documented in DOE (1997b). This study involved the examination of historical data as well as
collection of new data from wells in areas that have not been affected by Hanford Site
contaminants. Groundwater chemistry in the basalt confined aquifers displays a range depending
on depth and residence time. The chemical type varies from a calcium and magnesium-carbonate
water to a sodium- and chloride-carbonate water. Some of the shallower basalt confined aquifers
in 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).

4.3.3.2 Groundwater Contamination

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, trenches and ponds
(Kincaid et al. 1998). Contaminants from spills, injection wells, and leaking waste tanks have
also impacted groundwater in some areas. Groundwater contamination is being actively
remediated in several areas through pump and treat operations. These are summarized in
Hartman and Dresel (1998).

In addition to contaminants within the aquifer, there are contaminants within the vadose
zone beneath waste sites, which have a potential to move downward into the aquifer (Kincaid et
al. 1998). The rate of movement of contamination through the vadose zone depends on
contaminant and soil chemistry, stratigraphy, and infiltration of recharge. Characterization and
monitoring of the vadose zone is performed and consists primarily of in situ borehole spectral
gamma logging, soil-gas sampling, and soil sampling and analysis during borehole drilling.
Vadose zone contamination is being remediated in selected areas through excavation and
disposal of shallow contaminated sediments in the 100 areas and vapor extraction for carbon
tetrachloride found in the 200 West Area (Hartman and Dresel 1998).

4.3.3.3 Groundwater Monitoring

Monitoring of radiological and chemical constituents in groundwater at the Hanford Site is
performed to characterize physical and chemical trends in the flow system, establish
groundwater quality baselines, assess groundwater remediation, and identify new or existing
groundwater problems. Groundwater monitoring is also performed to verify compliance with
applicable environmental laws and regulations. Samples were collected from approximately
800 wells in 1997 to determine the distributions of radiological and chemical constituents in
Hanford Site groundwater. Results of Hanford Site groundwater monitoring for fiscal year
(FY) 1997 are presented in Hartman and Dresel (1998).

To assess the quality of groundwater, concentrations measured in samples were compared
with EPA’s Drinking Water Standards and DOE’s Derived Concentration Guides. Radiological
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constituents including cesium-137, cobalt-60, iodine-129, strontium-90, technetium-99, total -
alpha, total beta, tritium, uranium, and plutonium were detected at levels greater than the
Drinking Water Standards in one or more onsite wells. Concentrations of strontium-90, tritium,
uranium and plutonium were detected at levels greater than DOE’s Derived Concentration
Guides. Certain nonradioactive chemicals regulated by the EPA and the State of Washington
were also present in Hanford Site groundwater. These were nitrate, fluoride, chromium,
cyanide, carbon tetrachloride, chloroform, trichloroethylene, and tetrachloroethylene. Figure
4.3-10 shows the extent of radiological contamination in Hanford Site groundwater above the
applicable Drinking Water Standards and Figure 4.3-11 shows the extent of chemical
constituents above the applicable Drinking Water Standards.

4.3.4 Water Quality of the Columbia River

The State of Washington has classified the stretch of the Columbia River from Grand Coulee
to the Washington-Oregon border, which includes the Hanford Reach, as Class A, Excellent
(Ecology 1992). Class A waters are to be suitable for 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 (see Section 6.2.2).

During 1996, water samples were collected quarterly from the Columbia River along
transects established at the Vernita Bridge (upstream of the Hanford Site) and the Richland
pumphouse (downstream of the Hanford Site), and annually along transects at 100-N, 100-F, the
Hanford townsite, and the 300 Area (Figure 4.3-12) (Dirkes and Hanf 1997). The current major
source of heat to the Columbia River in the Hanford Reach is solar radiation (Dauble et al.
1987). The average pH values ranged from 7.7 to 8.1 for all samples from the Vernita Bridge
and Richland pumphouse single-point sampling locations. Mean specific conductance values
for the same sampling locations range from 130 to 141 :S/cm. There is no apparent difference
between the two locations.

Radionuclides consistently detected in the river during 1996 were tritium, strontium-90,
iodine-129, plutonium-239/240, uranium-234, and uranium-238. Total alpha and beta
measurements are useful indicators of the general radiological quality of the river that provide
an early indication of changes in radioactive contamination levels because results are obtained
quickly. Total alpha and beta measurements for 1996 were similar to the previous year, and were
approximately 5% or less of the applicable Drinking Water Standards of 15 and 50 pCi/L,
respectively. Tritium measured at the Richland Pumphouse was significantly higher than at
Vernita Bridge, but continued to be well below the state and federal Drinking Water Standards
(Dirkes and Hanf 1997). The presence of a tritium concentration gradient at the Richland
pumphouse supports previous conclusions made by Backman (1962) and Dirkes (1993) that
contaminants in the 200 Area groundwater plume entering the river at and upstream of the 300
Area are not completely mixed by the time the river reaches the Richland pumphouse.

All nonradiological water quality standards were met for Class A-designated water (Dirkes
and Hanf 1995).
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4.3.5 100 Areas Hydrology

The hydrology of the 100 Areas is unique because of their location adjacent to the Columbia
River. The water table ranges in depth from near 0-m at the river edge to 30 m (107 ft). The
groundwater flow direction is generally toward the river. However, during high river stage, the
flow direction may reverse immediately adjacent to the river. The unconfined aquifer in the 100
Areas is composed of either the Ringold Unit E gravels or a combination of the Unit E gravels
and the Hanford formation. As shown in Figure 4.3-13, there are two large areas where the
water table is 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 Areas is available in
Hartman and Peterson (1992) and Peterson et al. (1996). A number of studies of various sites in
the 100 Areas present specific hydrologic information. These include: 100-B/C Area -
Lindberg (1993a); 100-D Area - Lindsey and Jaeger (1993); 100-F Area - Lindsey (1992),
Petersen (1992); 100-H Area - Liikala et al. (1988), Lindsey and Jaeger (1993); 100-K Area -
Lindberg (1993b); and 100-N Area - Gilmore et al. (1992), Hartman and Lindsey (1993).

4.3.6 200 Areas Hydrology

In the 200 West Area, the water table occurs almost entirely in the Ringold Unit E gravels,
while in 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 table is in the Ringold
Unit E gravels. The upper Ringold facies were eroded in most of the 200 East Area by the
Missoula floods which subsequently deposited Hanford gravels and sands on what was left of
the Ringold Formation. Because the Hanford formation sand and gravel deposits are much
more permeable than the Ringold gravels, the water table is relatively flat in the 200 East Area,
but groundwater flow velocities are higher. On the north side of the 200 East Area, there is
evidence of erosional channels that may allow communication between the unconfined and
uppermost basalt confined aquifer (Graham et al. 1984; Jensen 1987).

The hydrology of the 200 Areas has been strongly influenced by the discharge of large
quantities of wastewater to the ground over a 50-yr 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 the
former B Pond, east of the 200 East Area. Water table changes beneath 200 West Area have
been greatest because of the lower transmissivity of the aquifer in this area. Discharges of water
to the ground have been greatly reduced, and corresponding decreases in the elevation of the
water table have been measured. The decline in part of the 200 West Area has been more
than 7 m (23 ft) (Hartman and Dresel 1998). Water levels are expected to continue to decrease -
as the unconfined groundwater system reaches equilibrium with 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 the following: Graham et al. (1981), Last et al. (1989), and Connelly et al. (1992a,b).
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4.3.7 300 Area Hydrology

The unconfined aquifer water table in the 300 Area is generally found in the Ringold
Formation at a depth of 9 to 19 m (30 to 62 ft) below ground surface. Fluctuations in the river
level strongly affect the groundwater levels and flow in the 300 Area, just as they do in the 100
Areas. Groundwater flows from the northwest, west, and even the southwest to discharge
into the Columbia River near the 300 Area. Schalla et al. (1988) and Swanson (1992) have
provided more detailed information on the hydrogeology of the 300 Area.

4.3.8 1100 and Richland North Areas Hydrology

Land ownership of the former 1100 Area was transferred from the DOE to the Port of
Benton on October 1, 1998. The groundwater in the southeastern portion of the Hanford Site is
less impacted by Hanford Site operations than by other activities. In addition to natural
recharge, artificial recharge is associated with the North Richland recharge basins (used to store
Columbia River water for Richland water use) south of the former 1100 Area, and irrigated
farming near the Richland North Area and west and southwest of the former 1100 Area.
Although pumping to obtain water also occurs from the unconfined aquifer in these areas, there is
a mound in the water table beneath the Richland City system of recharge basins. The Richland
City recharge basins are used primarily as a backup system between January and March each
year when the filtration plant is closed for maintenance, and during the summer months to
augment the city’s river-water supply. The water level also rose from December 1990 and
December 1991 in the area of the Lamb-Weston Potato-Processing Plant, which uses large
amounts of water and, except for plant maintenance during July, operates year-round. The water
table in the former 1100 Area seems to reflect irrigation cycles connected with agriculture
(Newcomer et al. 1991).

4.4 Ecology
T. M Poston

The Hanford Site encompasses about 1450 km? (about 560 mi?) of shrub-steppe habitat that is
adapted to the region’s mid-latitude semiarid climate (Critchfield 1974). The Site encompasses
undeveloped land interspersed with industrial development along the western shoreline of the
Columbia River and at several locations in the interior of the Site. This land, with restricted
public access, provides a buffer for the smaller areas currently used for storage of nuclear
materials, waste storage, and waste disposal; only about 6% of the land area has been developed
for DOE facilities.

The Hanford Site is characterized as a shrub-steppe ecosystem (Daubenmire 1970). Such
ecosystems are typically dominated by a shrub overstory with a grass understory. In the early
1800s, the dominant plants in the area were big sagebrush underlain by perennial Sandberg’s
bluegrass and bluebunch wheatgrass. With the advent of settlement, livestock grazing and
agricultural production contributed to colonization by nonnative plant species that currently
dominate the landscape. Although agriculture and livestock production were the primary
subsistence activities at the turn of the century, these activities ceased when the Hanford Site
was designated in 1943. Remnants of past agricultural practices are still evident. Large areas
of the Site have experienced range fires that have greatly influenced the vegetation canopy and
distribution of wildlife.

The Columbia River borders the Hanford Site to the east. Operation of Priest Rapids Dam
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upstream of the Hanford Site accommodates maintenance of intakes at the Site and contributes to
management of anadromous fish populations. The Columbia River and associated riparian zones
provide habitat for numerous wildlife and plant species.

Several areas on the Site, totaling 668 km? (258 mi?), have been designated for research or as
wildlife refuges (see Figure 4.0-1). These include the Fitzner/Eberhardt Arid Lands Ecology
(ALE) Reserve (304 km” [117 mi’]) and the Saddle Mountain National Wildlife Refuge (130 km?
[50. mi’]) that are managed by the U.S. Fish and Wildlife Service. The Washington State
Department of Fish and Wildlife manages the Wahluke Slope Wildlife Area (235 km? [91 mi?]).
Under an agreement made in April 1999, the Wahluke Slope Wildlife Area will be combined
with the Saddle Mountain National Wildlife Refuge and managed as a unit by the U. S. Fish and
Wildlife Service. The Saddle Mountain National Wildlife Refuge and the Wahluke Slope
Wildlife Area are generally referred to as the Wahluke (or North) Slope. The National Park
Service, in a record of decision issued on July 16, 1996, proposed that the Hanford Reach be
designated as a recreational river in the national wild and scenic rivers system. The Nature
Conservancy has conducted biodiversity surveys of these areas on the Hanford Site and has
tentatively identified 45 taxa new to science (Hall 1998).

Other descriptions of the ecology of the Hanford Site can be found in Cadwell (1994), Downs
et al. (1993), ERDA (1975), Jamison (1982), Landeen (1996), Rogers and Rickard (1977),
Sackschewsky et al. (1992), Watson et al. (1984), and Weiss and Mitchell (1992).

4.4.1 Terrestrial Ecology
4.4.1.1 Vegetation

Natural plant communities have been altered by Euro-American human activities that have
resulted in the proliferation of nonnative species. Of the 590 species of vascular plants
recorded for the Hanford Site, approximately 20% of all species are considered nonnative
(Sackschewsky et al. 1992). Cheatgrass is the dominant nonnative species. It is an aggressive
colonizer and has become well established across the site (Rickard and Rogers 1983). Plants at
the Hanford Site are adapted to low annual precipitation (16 cm [6.3 in.]), low water-holding
capacity of the rooting substrate (sand), dry summers, and cold winters. ‘Range fires that
historically burned through the area during the dry summers eliminate fire intolerant species
(e.g., big sagebrush) and allow more opportunistic and fire-resistant species a chance to become
established.

The Nature Conservancy of Washington (Hall 1998) conducted plant surveys on ALE, the
Wahluke Slope, and riparian communities along the Columbia River shoreline from 1994
through 1997. These surveys tentatively identified 16 terrestrial “potential” plant communities.
Designation as a potential community indicates the type of community that would exist in an
area if it were free of disturbance. In addition to characterizing potential plant communities,
the Conservancy found 112 populations/occurrences of 28 rare plant taxa on the Hanford Site
(Hall 1998).

Existing vegetation-and land use areas that occur on the Hanford Site are illustrated in Figure
4.4-1. The Nature Conservancy also prepared plant community maps for ALE, the North
Slope, and central Hanford (Pabst 1995; Hall 1998). These maps are based on plant species
that, through the course of time, are expected to dominate the community at climax stage and
may not represent existing cover. A list of common plant species in shrub-steppe and riparian
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areas are presented in Table 4.4-1. A much broader definition of these types including
shrublands, grasslands, tree zones, riparian, and unique habitat follows.

Shrublands. Shrublands occupy the largest area in terms of acreage and comprise seven of
the nine major plant communities on the Hanford Site (Sackschewsky et al. 1992). Of'the
shrubland types, sagebrush-dominated communities are the predominant type, with other shrub
communities varying with changes in soil and elevation.

The areas botanically characterized as shrub-steppe include remnant native big sagebrush, threetip
sagebrush, bitterbrush, gray rabbitbrush, and spiny hopsage. Remnant bluebunch wheatgrass,
Sandberg’s bluegrass, needle-and-thread grass, Indian ricegrass, and prairie junegrass also occur in this
vegetation type. 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, threetip
sagebrush, bitterbrush, spiney 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. Postfire shrub-steppe on the Columbia River Plain
refers to areas impacted by wildfire that are in the process of redeveloping shrub-steppe characteristics.

Grasslands. 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). Of the native
grasses that occur on the Site, bluebunch wheatgrass occurs at higher elevations. Sandberg’s
bluegrass is more widely distributed and occurs within several plant communities. Needle-and-
thread grass, Indian ricegrass, and thickspike wheatgrass occur in sandy soils and dune habitats.
Species preferring more moist locations include bentgrass, meadow foxtail, lovegrasses, and
reed canarygrass (DOEI 1996a).

Trees. Before settlement, the Hanford Site landscape lacked trees, and the Columbia River
shoreline supported a few scattered cottonwood or willows. Homesteaders planted trees in
association with agricultural areas. Shade and ornamental trees were also planted around
former military installations and industrial areas on the site. Currently, approximately 23
species of trees occur on the Site. The most commonly occurring species are black locust,
Russian olive, cottonwood, mulberry, sycamore, and poplar. Many of these nonnative species
are aggressive colonizers and have become established along the Columbia River (e.g.,
mulberry, cottonwood, poplar, Russian olive), serving as a functional component of the riparian
zone (DOE 1996a). Trees provide nesting habitat and thermal cover for many species of
mammals and birds.

Riparian (wetland) Areas. Riparian habitat includes sloughs, backwaters, shorelines,
islands, and palustrine areas associated with the Columbia River floodplain. Vegetation that .
occurs along the river shoreline includes water smartweed, pondweed, sedges, reed canarygrass,
and bulbous bluegrass. Trees include willow, mulberry, and Siberian elm. Other riparian
vegetation occurs in association with perennial springs and seeps. Rattlesnake and Snively
springs are highly diverse biologic communities (Cushing and Wolf 1984) that support bulrush,
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Table 4.4-1. Common Vascular Plants on the Hanford Site (Taxonomy

follows Hitchcock and Cronquist 1973).

.A. Shrub-Steppe Species

Scientific Name

Shrub
Big sagebrush
Bitterbrush
Gray rabbitbrush
Green rabbitbrush
Snow buckwheat
Spiny hopsage
Threetip sagebrush

Perennial Grasses
Bluebunch wheatgrass
Bottlebrush squirreltail
Crested wheatgrass
Indian ricegrass
Needle-and-thread grass
Prairie junegrass
Sand dropseed
Sandberg’s bluegrass
Thickspike wheatgrass

Perennial Forbs
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
Long]leaf phlox
Munro’s globemallow
Pale eveningprimrose
Sand beardtongue
Stalked-pod milkvetch
Threadleaf fleabane

Artemisia tridentata
Purshia tridentata
Chrysothamnus nauseosus
Chrysothamnus viscidiflorus
Eriogonum niveum

Grayia (Atriplex) spinosa
Artemisia tripartita

Agropyron spicatum
Sitanion hystrix

Agropyron desertorum (cristatum)®

Oryzopsis hymenoides
Stipa comata

Koeleria cristata
Sporobolus cryptandrus
Poa sandbergii (secunda)

Agropyron dasytachyum

Comandra umbellata
Astragalus caricinus -
Balsamorhiza careyana
Helianthus cusickii
Thelypodium laciniatum
Brodiaea douglasii
Psoralea lanceolata
Arenaria franklinii
Lomatium grayi
Machaeranthera canescens
Chaenactis douglasii
Phlox longifolia
Sphaeralcea munroana

- Qenothera pallida

Penstemon acuminatus
Astragalus sclerocarpus
Erigeron filifolius

4.84



A. Shrub-Steppe Species (cont’d.)

Scienﬁﬁc Name

Turpentine spring parsley
Winged dock

Yarrow

Yellow bell

Annual Forbs

Annual Jacob’s ladder
Blue mustard

Bur ragweed

Clasping pepperweed
Indian wheat

Jagged chickweed

Jim Hill’s tumblemustard
Matted cryptantha

Pink microsteris

Prickly lettuce

Rough wallflower
Russian thistle (tumbleweed)
Slender hawksbeard
Spring whitlowgrass
Storksbill

Tall willowherb

Tarweed fiddleneck
Threadleaf scorpion weed
Western tansymustard
White cupseed
Whitestem stickleaf
Winged cryptantha
Yellow salsify

Annual Grasses

Cheatgrass
Slender sixweeks
Small sixweek;

Cymopteris terebinthinus
Rumex venosus

Achillea millefolium
Fritillaria pudica

Polemonium micranthum
Chorispora tenelld®
Ambrosia acanthicarpa
Lepidium perfoliatum
Plantago patagonica
Holosteum umbellatum®
Sisymbrium altissimum®
Cryptantha circumscissa
Microsteris gracilis
Lactuca serriola®
Erysimum asperum
Salsola kali®

Crepis atrabarba

Draba vernd®

Erodium cicutarium®
Epilobium paniculatum
Amsinckia lycopsoides
Phacelia linearis
Descurainia pinnata
Plectritis macrocera
Mentzelia albicaulis
Cryptantha pterocarya
Tragopogon dubius®

Bromus tectorum®™
Festuca octoflora
Festuca microstachys
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B. Riparian Species Scientific Name
Trees and Shrubs
Black cottonwood Populus trichocarpa
Black locust Robinia pseudo-acacia
Coyote willow Salix exigua
Dogbane Apocynum cannabinum
Peach, apricot, cherry Prunus spp.
Peachleaf willow Salix amygdaloides
Willow Salix spp.
White mulberry Morus albad®
Perennial Grasses and Forbs =
Bentgrass Agrostis spp.
Blanket flower Gaillardia aristata
Bulrushes Scirpus spp.®
Cattail Typha latifolia®
Columbia River gumweed Grindelia columbiana
Hairy golden aster Heterotheca villosa
Heartweed Polygonum persicaria
Horsetails Equisetum spp.
Horseweed tickseed Coreopsis atkinsoniana
Lovegrass Eragrostis spp. ¥
Lupine Lupinus spp.
Meadow foxtail Alopecurus aequalis ®
Pacific sage Artemisia campestris
Prairie sagebrush Artemisia ludoviciana
Reed canary grass Phalaris avundinacea®
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 Eleacharis spp.®
Aquatic Vascular
Canadian waterweed Elodea canadensis
Columbia yellowcress Rorippa columbiae
Duckweed Lemmna minor
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B. Riparian Species Scientific Name

Aquatic Vascular (cont’d.)

Pondweed Potamogeton spp.

Spiked water milfoil Myriophyllum spicatum
Watercress Rorippa nasturtium-aquaticum
® Introduced

® Pperennial grasses and graminoids.

spike rush, and cattail. Watercress, which persists at these sites, is also abundant for a'large portion of
the year. Most wastewater ponds and ditches on the Hanford Site have been decommissioned and no -
longer support riparian vegetation. On the North Slope, there are several irrigation return ponds that
support riparian vegetation.

Riparian habitat that occurs in association with the Columbia River includes riffles, gravel
bars, backwater sloughs, and cobble shorelines. These emergent habitats occur infrequently
along the Hanford Reach and have acquired greater significance because of the net loss of
wetland habitat elsewhere within the region. From surveys conducted in 1994 and 1995, The
Nature Conservancy identified 13 rare plant species (out of 19 total on the Hanford Site)
residing along the Hanford Reach (Soll and Soper 1996). Four new species previously not
listed at Hanford (Sackschewsky et al. 1992) were found in the 31 wetland areas surveyed by

. The Nature Conservancy (Hall 1998). Noxious weeds are also becoming established along the
riparian zones of the Hanford Reach. Purple loosestrife, yellow nutsedge, reed canarygrass,
and yellow star thistle are some of the more common species found near or on wetlands.
Common emergent species include reed canarygrass, common witchgrass, and large barnyard
grass. Rushes and sedges occur along the shorelines of the Columbia River and at several
sloughs along the Hanford Reach at White Bluffs, below the 100-H Area, downstream of the
100-F Area, and the Hanford Slough.

Unique Habitats. Unique habitats on the Hanford Site include bluffs, dunes, and islands
(DOE 19962). The White Bluffs, Umtanum Ridge, and Gable Mountain on the Hanford Site
include rock outcrops that occur infrequently on the Site. Basalt outcrops are most often
occupied by plant communities dominated by buckwheat and Sandberg’s bluegrass.

The terrain 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 acres in size (U.S. Department of the
Army 1990). The dunes are vegetated by bitterbrush, scurfpea, and thickspike wheatgrass.

Island habitat accounts for approximately 474 ha (1170 acres) (Hanson and Browning
1959) and 64.3 km (39.9 mi) of river shoreline within the main channel of the Hanford Reach.
However, DOE owns and administers the upland portions of Locke Island (River mile [RM] 371-
373.5) and Wooded Island (RM 348-351), and all of Island # 7 (RM 367). The Washington State
Department of Natural Resources oversees the shorelines of Locke and Wooded islands.
Shoreline riparian vegetation that characterizes the islands includes willow, poplar, Russian olive,
and mulberry. Prior to regulation of river flows by dams, trees were not found along river
shoreline habitat. Species occurring on the island interior include buckwheat, lupine, 