Pal 5547 1682

S IVL"UTIJ NCY, 6

UC-600
Hanford Site National
Environmental Policy Act (NEPA)
Characterization
C. E. Cushing, Editor
August 1994
Prepared for the U.S. Department of Energy
under Contract DE-AC06-76RLO 1830
Pacific Northwest Laboratory
Operated for the U.S. Department of Energy
by Battelle Memorial Institute
Z
PLEASE RETUR :
N N T0: &
wsBatfelle ENVIRONMENTAL DIvisioy 5
RESOURCE CENTER *

He-o07



DISCLAIMER

This report was prepared as an account of work sponsored by an agency of the
United States Government. Neither the United States Government nor any agency
thereof, nor Battelle Memorial Institute, nor any of their employees, makes any
warranty, expressed or implied, or assumes any legal liability or responsibility for
the accuracy, completeness, or usefulness of any information, apparatus, product,
or process disclosed, or represents that its use would not infringe privately owned
rights. Reference herein to any specific commercial product, process, or service by
trade name, trademark, manufacturer, or otherwise does not necessarily constitute
or imply its endorsement, recommendation, or favoring by the United States
Government or any agency thereof, or Battelle Memorial Institute. The views and
opinions of authors expressed herein do not necessarily state or reflect those of the
United States Government or any agency thereof.

PACIFIC NORTHWEST LABORATORY
operated by
BATTELLE MEMORIAL INSTITUTE
for the
UNITED STATES DEPARTMENT OF ENERGY
under Contract DE-AC06-76RLO 1830

Printed in the United States of America
Available to DOE and DOE contractors from the
fice of Scientific and Technical Information, P.O. Box 62, Oak Ridge, TN 37831;
prices available from (615) 576-8401. FTS 626-8401.

Available to the public from the National Technical Information Service,
U.S. Department of Commerce, 5285 Port Royal Rd., Springfield, VA 22161.

@ The contents of this report were printed on recycled paper



WFﬁjp“iw‘- , o
Tl 5547 . 16l 00(//(//:/
. ev. 6

PNL-6415

UC-600

Hanford Site National
Environmental Policy Act (NEPA)
Characterization

C. E. Cushing, Editor

August 1994

Prepared for the U.S. Department of Energy
under Contract DE-AC06-76RLO 1830

Pacific Northwest Laboratory
Operated for the U.S. Department of Energy
by Battelle Memorial Institute

3
S PLEASE RETURN TO: =
s Batielle ENVIRONMENTAL DIVISION 3

RESOURCE CENTER ~ ©

He-o7



DISCLAIMER

This report was prepared as an account of work sponsored by zn agency of the
United States Government. Neither the United States Government nor any agency
thereof, nor Battelle Memorial institute, nor any of their employees, makes any
warranty, expressed or implied, or assumes any legal liability or responsibility for
the accuracy, completeness, or usefulness of any information, apparatus, product,
or process disclosed, or represents that its use would not infringe privately owned
rights. Reference herein to any specific commercial product, process, or service by
trade name, trademark, manufacturer, or otherwise does not necessarily constitute
or imply its endorsement, recommendation, or favoring by the United States
Government or any agency thereof, or Battelle Memorial Institute. The views and
opinions of authors expressed herein do not necessarily state or reflect those of the
United States Government or any agency thereof.

PACIFIC NORTHWEST LABORATORY
operated by
BATTELLE MEMORIAL INSTITUTE
for the
UNITED STATES DEPARTMENT OF ENERGY
under Contract DE-AC06-76RLO 1830

Printed in the United States of America
Available to DOE and DOE contractors from the
Offce of Scientific and Technical Information, P.O. Box 62, Oak Ridge, TN 37831;
prices available from (615) 576-8401. FTS 626-8401.

Available to the public from the National Technical Information Service,
U.S. Department of Commerce, 5285 Port Royal Rd., Springfield, VA 22161.

@ The contents of this report were printed on recycled paper



PRTRAL TR [t

PNL-6415 Rev. 6
UC-600

Hanford Site |
National Environmental Policy Act (NEPA)
Characterization

O

. E. Cushing, Editor

A. Baker

. A. Chamness
. E. Crist

E. Cushing
M. Fruland
W. Harvey

J. Hoitink

B. Moore

M. Poston

. E. Seely

R. R. Wahlstrom
B. K. Wise

M. K. Wright

IAMOUINZZO

August 1894 -

Prepared for
the U.S. Department of Energy
under Contract DE-AC06-76RLO 1830

Pacific Northwest Laboratory
Richland, Washington 99352




PACE l";\"aTENTlONALLY

THIS
LEFT BLANK




731851/ . 1685

Preface

This document describes the Hanford Site environment (Chapter 4.0) and contains data
in Chapters 5.0 and 6.0 that will assist users in the preparation of Nat:onal Environmental
Policy Act- (NEPA-) related documents.

Many NEPA compliance documents have been prepared and are being prepared by site
contractors for the U.S. Department of Energy.(DOE), and examination of these documents
reveals inconsistencies in the data presented and the method of presentation. Thus, it
seemed necessary to prepare a consistent description of the Hanford Site environment to
be used in preparing Chapter 4.0 of environmental impact statements and other site-related
NEPA documentation. The material in Chapter 5.0 is a guide to the models used, including
critical assumptions incorporated in these models in previous Hanford NEPA documents.
The user will have to select those models appropriate for the proposed action. Chapter 6.0
is essentially a definitive NEPA Chapter 6.0, which describes applicable federal and state
laws and regulations.

In this document, a complete description of the environment is presented in
Chapter 4.0 without extensive tabular data. For these data, sources are provided. Most
subjects are divided into a general description of the characteristics of the Hanford Site,
followed by site-specific information where it is available on the 100, 200, 300, and. other
Areas. This division will allow a person requiring information to go immediately to those
sections of particular interest. However, site-specific information on each of these
separate areas is not always complete or available. In this case, the general Hanford Site
description should be used.

To enhance the usability of the document, a copy of the entire text is available on an
IBM PC diskette in WordPerfect 5.1 on request to C. E. Cushing at (509) 376-9670. .
Macintosh diskettes are also available (WordPerfect). The figures can be obtained by
contactmg the Boeing Company Services Richland (BCSR) Graphics Department, located in
the Pacific Northwest Laboratory Sigma | Building and using the classification number in
the lower right corner of each figure. Janelle Downs kindly provided Figure 4.3-1.

Following are the personnel responsible for the vanous sections of this document and
who should be contacted with qut ions: »

Document Editor C. E. Cushing 376-9670
Climate/Meteorology D. J. Hoitink 376-8864
Air Quality R. R. Wahlstrom 375-6927
Geology M. A. Chamness 376-1964
Hydrology R. M. Fruland 373-0718

Ecology C. E. Cushing 376-9670




Historical, Archaeological, M. E. Crist 372-1791
and Cultural Resources D. W. Harvey 372-2945

: M. K. Wright 372-1079 _
Socioeconomics B. K. Wise ' ’ 372-4237
R. A. Fowler 372-0888
Noise T. M. Poston 376-5678

Models used to estimate environmental impacts
(and current "contact list" for each of the programs)

D. A. Baker- 375-3809

Statutory and Regulatory
Requirements E. B Moore 372-4213

C. E. Cushing, Editor

Suggested citation for this document: Cushing, C. E., (Ed.). 1994. Hanford Site National
Environmental Policy Act (NEPA) Characterization. PNL-6415, Rev. 6, Pacific Northwest
Laboratory, Richland, Washington.
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Summary

This sixth revision of the Hanford Site National Environmental Policy (NEPA)
Characterization presents current environmental data regarding the Hanford Site and its
immediate environs. This information is intended for-use in preparing Site-related NEPA
documentation.

Chapter 4.0 summarizes up-to-date information on climate and meteorology, geology
and hydrology, ecology, history and archaeology, socioeconomics, land use, and noise
levels prepared by Pacific Northwest Laboratory (PNL) staff. More detailed data are
available from reference sources cited or from the authors.

Chapter 5.0 has been significantly updated from the fifth revision (1992). It
describes models, including their principal underlying assumptions, that are to be used in
simulating realized or potential impacts from nuclear materials at the Hanford Site.
Included are models of radionuclide transport in groundwater and atmospheric pathways,
and of radiation dose to populations via all known pathways from known initial conditions.

The updated Chapter 6.0 provides the preparer with the federal and state regu-
lations, DOE orders and permits, and environmental standards directly applicable to the
NEPA documents on the Hanford Site, following the structure of Chapter 4.0.

No conclusions or recommendations are given in this report. Rather, it is a compila-
tion of information on the Hanford Site environment that can be utilized directly by Site
contractors. This information can also be used by any interested individual seeking baseline
data on the Hanford Site and its past activities by which to evaluate projected activities
and their impacts.
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4.0 Affected Environment

The U. S. Department of Energy’s Hanford Site lies within the semiarid Pasco Basin of
the Columbia Plateau in southeastern Washington State (Figures 4.0-1 and 4.0-2). The
Hanford Site occupies an area of about 1450 km? (~560 mi?) north of the confluence of
the Snake and Yakima rivers 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; orily 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 along part of the southern boundary and joins the Columbia River below the city
of Richland, which bounds the Hanford Site on the southeast. Rattlesnake Mountain, the
Yakima Ridge, and the Umtanum Ridge form the southwestern and western boundaries.
The Saddie 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 Richland, Kennewick, and Pasco (Tri-Cities) constitute the
nearest population center and are located southeast of the Hanford Site.

The Hanford Site encompasses more than 1500 waste management units and four
groundwater contamination plumes that have been grouped into 73 operable units. Each
unit has complementary characteristics of such parameters as geography, waste content,
type of facility, and relationship of contaminant plumes. This grouping into operable units
allows for economies of scale to reduce the cost and number of characterization investiga-
tions and remedial actions that will be required for the Hanford Site to complete cleanup
efforts (WHC 1989). The 73 operable units have been aggregated into four areas: 22 in
the 100 Area, 43 in the 200 Areas, 5 in the 300 Area, and 4 in the 1100 Area. There are
an additional 4 units in-the 600 Area Isolated Waste Site Area (WHC 1989). Those
persons contemplating 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 Westmghouse Hanford Company, Environmental
- Restoration Program Office.

4.1 Climate and Meteorology

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.

4.1
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Climatological data are available for the Hanford Meteorological Station (HMS), which is
located between the 200-East and 200-West areas. Data have been collected at this
location since 1945. Temperature and precipitation data are also available from nearby
locations for the period 1912 through 1943. A summary of these data through 1980 has
been published by Stone et al. (1983). Data from the HMS are representative of the gen-
eral 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 than those at the HMS. Similarly,
precipitation along the slopes of the Rattlesnake Hills differs climatically 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-, 30.5-, 61.0-, 91.4-, and 121.9-m levels of a 125-m tower. Three 60-m towers,
with wind-measuring instrumentation at the 10-, 25-, and 60-m levels, are located at the
300, 400, and 100-N Areas. In addition, wind instruments on twenty-one 9.1-m 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.

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
directions (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 given in Stone et al. (1983). 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 14 to 16 km/h (8 to 10 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 (30 mi/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 levels of the 125-m (400-ft) tower at the HMS. As of March 1994,
temperatures are also measured at the 2-m level on the twenty-one 9.1-m towers located
on and around the Hanford Site. The three 60-m (197-ft) towers have temperature-
measuring instrumentation at the 2-, 10-, and 60-m (~6.5-, 33-, and 197-ft) levels. The
temperature data from the 9.1- and 60-m (30 and 197-ft) towers are telemetered to the
HMS. :
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" Figure 4.1-1. Hanford Site wind monitoring network.

Station No. Station Name Station No. Station Name
1 Prosser Barricade 14 WPPSS
.2 EOC 15 - - Franklin County
3 Army Loop Road 16 Gable Mountain
4 Rattiesnake irings 17 Ringold
5 Edna : 18 Richland Airport
6 200-East 19 Sagehill
7 200-West 20 Rattlesnake Mtn.
. 8 Wahluke Slope 21 HMS (121.9-m})
9 FFTF {60-m) 22 Pasco Airport
10 Yakima Barricade 23 Gable West
11 300 Area (60-m) 24 100-F
v 12 Wye Barricade 25 Vernita
13 100-N (60-m) 27 Vista

NOTE: All network stations are 9.1 m (~ 30 ft) unless otherwise indicated.
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Table 4.1-1. Station numbers, names, and instrumentation for
each Hanford meteorological monitoring 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 WS, WD, T, P
7 200-West WS, WD, T, P
8B Beverly WS, WD, T, P
sw+* Wahluke Siope WS, WD, T, P
9 FFTF (60-m) WD, T, TD, DR, P, AP
10 Yakima Barricade WS, WD, T, P, AP
11 300 Area (60-m) WS, WD, T, TD, DP, P
12 Wye Barricade WS, WD, T, P
13 100-N (60-m) WS, WD, T, TD DP, AP
14 Supply System WS, WD, T, P
15 Franklin County WS, WD, T
16 Gable Mountain WS, WD, T
17 Ringold WS, WD, T
18 Richland Airport WS, WD, T, AP
19* Sagehill WS, WD, T
20 Rattlesnake Mountain WS, WD, T, P
21 Hanford Meteorology Station WS, WD, T, P
22 Pasco WS, WD, T
23 Gable West WS, WD, T
24 “100-F WS, WD, T, P
25 Vernita Bridge WS, WD, T
26 Test Station (spare) WS, WD, T, P, AP
27 \Y W WD T
28 ) Roosevelt 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.
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Figure 4.1-2. Wind roses for the Hanford telemetry network, 1979-1988.
The point of each rose represents the directions from which
the winds come.
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Diurnal and monthly averages and extremes of temperature, dew point, and humidity
are contained in Stone et al. (1983). Ranges of daily maximum temperatures vary from
normal maxima of 2°C (36 °F) in early January to 35°C (95 °F) in late July. There are, on
the average, 51 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 mid-March, minimum temperatures average <0°C (32°F) with the
minima in 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 temperature is -31°C (-24 °F). For the period 1946 through
1983, 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. During the winter, the highest monthly average temper-
ature at the HMS was 6.9 °C (44 “F) in February, and the record lowest was -11.1°C
(12°F) during January. During the summer, the record maximum monthly average temper-
ature was 27.9°C (82°F) (in July), and the record lowest was 17.2°C (63°F) (in June).

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%. It is 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.). Most precipitation occurs during the winter
with more than half of the annual amount occurring in the months of November through
February. Days with >1.3 cm (.51 in.) precipitation occur less than 1% of the year.
Rainfall intensities of 1.3 cm/h (.51 in./h) persisting for 1 hour are expected once every
10 years. Rainfall intensities of 2.5 cm/h (1 in./h) for 1 hour are expected only once every
500 years. Winter monthly average snowfall ranges from 0.8 cm (.32 in.) in March to
14.5 cm (6 in.) in December. The record monthly snowfall of 62 cm (24 in.) occurred in
February 1916. ..ie seasonal record 1iowfall of 142 cm (56 in.) occurred during the
winter of 1992-1893. Snowfall accounts for about 38% of all precipitation during the
months of December through February. '

Climatological precipitation measurements have also been made on the Fitzner-
Eberhardt Arid Lands Ecology Reserve on the northeast slope of the Rattlesnake Hills
(Stone et al. 1983).

4.1.4 Fog and Visibility
Fog has been recorded during every month of the year at the HMS; however, 95% of
the occurrences are during the months of November through February, with less than 1%

during the months of April through September (Table 4.1-2). The average number of days
per year with fog (visibility less than or equal to 8.6 km or 6 mi) is 46, and with dense fog
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(visibility less than or equal to 0.4 km or 0.25 mi), 24. The greatest number of days with
fog was 84 days in 1985-1986 and the least 22 in 1948-1949; the greatest number of
days with dense fog was 42 days in 1950-1951, and the least, 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 days per year have dust or blowing dust and <1 day per year has reduced
visibility from smoke.

4.1.5 Severe Weather

High winds are also associatad with thunderstorms. The avaraga occurrance 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 observed from
1945 through 1980, are given in Stone et al. (1983) 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 >20 mm (1 in.) or wind gusts of >93 km/h [58 mi/h]), only 1.9% of all
thunderstorm events observed at the HMS have been "severe” storms, and all met the
criteria based on wind gusts.

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 (NSSFC) database list 22 separate tornado
occurrences within 161 km (100 mi) of the Hanford Site from 1916 through August 1982.
Two additional tornadoes have been reported since August 1982.

Table 4.1-2. Number of days with fog by season.

Category Winter Spring Summer Autumn Total

Fog 32 2 <1/2 12 46
Dense fog 17 1 <1/2 6 _t
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Table 4.1-3. Estimates of extreme winds at the Hanford Site.

Peak gusts (km/h)

Return 15.2m 61m
period (yr) above ground above ground
2 97 109
10 114 129
100 137 151

1000 159 75

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 Ramsdeli 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. '

4.1.6 Atmospheric Dispersion

Atmospheric dispersion is a function of wind speed, duration and direction of wind,
atmospheric stability, and mixing depth. Dispersion conditions are generally good if winds
are moderate to strong, if the atmosphere is of neutral or unstable stratification, and if
there is a deep mixing layer. Good dispersion conditions associated with neutral and
unstable stratification exist about 57% of the time during the summer. 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

Table 4.1-4. Estimate of the probability of extreme Winds associated
with tornadoes striking a point at Hanford'®), -

Wind speed (km/h) Probability per year

100 2.6 x 10°®
200 6.5x 107
300 : 1.6 x 1077
400 3.9x 108

(a) Ramsdell and Andrews (19886).
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extremely stable stratification exists about 66% of the time. 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. Mixing-layer thicknesses have been estimated at the HMS using
remote sensors. The variations in mixing layer described previously are summarized in
Table 4.1-5.

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. (1972) estimated the probability of extended periods of poor
dispersion conditions. The probability of an inversion period extending more than 12 hours
varies from a low of about 10% in May and June to a high of about 64% in September
and October. These probabilities decrease rapidly for durations of > 12 hours. Table 4.1-6
summarizes the probabilities associated with extended surface-based inversions.

Annual average atmospheric diffusion factors (X/Q’) have been computed at the Skagit-
Hanford Site, the 200-East Area, and the 400 Area using 1983 through 1987 meteorologi-
cal data. These diffusion factors are presented in Tables 4.1-7 through 4.1-9 as a function
of direction and distance from the facility. Table 4.1-7, for the Skagit-Hanford Site, shows
ground-level releases. Tables 4.1-8 and 4.1-9, for the 200-East Area, present diffusion

Table 4.1-5. Percent frequency of occurrence of mixing-layer
thickness by season and time of day.

Winter Summer
Mixing layer {(m) Night Day Night Day
<250 65.7 35.0 48.5 1.2
'250-500 24.7 39.8 © 37.1 9.0
>500 9.6 25.2 14.4 89.9

Table 4.1-6. Percent probabilities for extended periods of surface-based inversions.

Months 12 hr 24 h 48 h
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 1.2 0.13
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Table 4.1-7. Annual average .
release based or

NNE
NE
ENE

ESE
SE
SSE

SSW
SW
WSW

NW
NNW

vospheric diffusion factors (x/Q’) for the Skagit-Hanford Site for ground-level

383-1987 data.

X/Q! (s/m)

0.8 km 2.4 kn %.0 km 56km_ 7.2 kn 12_kn 24 kn %0 km 56 k72 ik
5.62x10°6  8.82x10°7 4. 07  2.44x1077  1.70x10°7  8.19x10°8  3.13x10®  1.56x108  9.94x10"9  7.11x10"7
5.39x10°6  8.48x10°7 3.4 077 2.36x10°7  1.64x10°7  7.95x10°8 3.05x10°8 1.53x10°8 9.74x10"? 6.98x10°7
5.39x10°6  8.49x107 3. 07 237107 1.6ax107 7.96x10°8  3.osx107®  1.53x1078  9.7ax107®  6.98x1077
6.00x10°6  9.46x107 4.1 07 2.64x1077  1.84x1077  8.89x1078 3.41x10°% 1.71x10°8  1.09x108 7.83x1077
7.12x10°6  1.13x107® 5.0 077 3.6x1077  2.20x10°7  1.07x1077  4.12x1078  2.07x1078  1.32x108  9.50x107?
1.08x107°  1.72x10°¢ 7.5 077 4.81x10°7  3.35x10°7  1.63x10°7  6.27x10°8  3.15x10°8  2.01x10°8  1.44x1078
1.38x107°  2.19x10°%  1.¢ 076 6.10x10°7  4.24x1077  2.05x1077  7.84x10°8  3.92x1078 2.49x108 1.78x10°8
7.92x10°¢  1.25x10°¢ 5.¢ 07 3.44x1077  239x1077  1.15x1077  4.36x10°8  2.17x10°®  1.38x10°8  9.83x10°0
7.15x10°%  1.11x10°6 5. 077 3.03x1077  2.09x107  9.94x1078. 3.73x1078 1.84x10°% 1.16x10°8 8.24x10°?
2691078 4.14x1077 1.t 077 142107 7.72x1078  3.67x10°8  1.37x10°8  6.73x10°7  4.24x10°%  3.01x10°°
2.56x10°6  3.92x10°7 1.7 077 1.06x10°7  7.28x10°8  3.45x10°8 1.28x10°8 6.30x10"7 3.96x10°% 2.81x1070
2.60x10°8  3.75x1077  1.e9x1077  1.01x1077  6.98x1078  3.31x1078  1.23x10°8  6.06x107  3.82x10  2.71x10°
2.87x10°6  4.38x1077 15 T 1.8x1077 8.13x1078  3.86x10°8  1.44x10°8  7.08x1077  4.47x1077  3.18x10°°
4.23x10°6  6.50x1077 2.5 7 77x10? 1.22x1077  s.esx108  2.20x10°8  1.09x1078  6.91x1077  4.93x1070
5.78x10°®  9.00x10°7  4.C 7 2471077 1.71x1077  8.17x108  3.08x108  1.53x10® ‘9.67x10"% 6.90x10°0
5.87x10°8  9.20x10°7 4.1 7 2.54x1077  1.76x1077  8.49x10°8  3.23x108 1.61x10® 1.03x1078 7.33x1070
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Table 4.1-8.

NNE
NE
ENE

ESE
SE
SSE

SSW
W
WsW

NW
NNW

Annual average atmospheric ditfusion factors (x/Q’) for the 200-East Area for an 89-m release based

on 1983-1! 7 data.

X/' (s/me)

0.8 2.4 km_ 4.0 km_ 5.6 kn_ _7.2kn 12 km 24 km_ . 40 km__ _ 56 km____ 72 km
6.28x10°8 3. 108 3.21x108 2.64x10°% 2.20x10°8  1.43x10°8  737x10°%  4.36x1077  3.06x10°?  2.33x10°0
2.83x10°8  2.25x10°8  1.90x10"® 1.54x1078 1 .gmo'8 7.99x10°7  3.96x10°%  2.29x10°% 1.59x10"? 1.20x1079
3.43x108 2. "B 2.22x10°8  1.82x10°8 1.50x10°8 9.55x10% 4.73x107?  2.73x107  1.88x10°%  1.42x1070
5.02x10°8 3, 8 2.7x10®  2.27x10°8  1.90x10®  1.23x1078  6.27x1077  3.68x100  2.56x1077  1.95x1077
6.62x108 6. "8 6.46x108 5.53x10°8  4.71x108  3.14x10°8 1.65x108 9.83x107 6.91x10 5.28x1070
7.70x108 9. 8 g.70x10® 7.21x10°8 6.01x1078 * 3.87x10°8 1.94x108 1.13x10°% 7.79x10"®  5.89x1077
1.06x10°7  8.66x10°8  7.05x10°8  5.57x10°8 4521078  2.77x10°8  1.32x1078  7.49x10°%  5.10x107%  3.82x10°
9.92x10°8 6 1078 4.80x10"® 3.72x10°8 2.96x1078 1.76x10°8 8.16x10"7 4.52x10? 3.05x1077 2.27x107
1.50x10°7  8.24x10°8  6.09x10°8  4.58x10°8 3.58x10® 2.05x10"® 9.08x10°% 4.89x10°% 3.25x10°7  2.39x10°%
1.05x107 5 1078 3.91x108 2.91x10°8 2.26x10® 1.28x10°% 5.57x10°7 2.95x107 1.94x10°7 1.41x107°
8.68x10°8 5 1078 3.99x10°8 3.00x10°8 2.34x10°8 1.33x10® s5.84x10°7 3.13x10°%  2.07x10%  1.52x10°°
9.78x10°8  5.21x10°8 3.77x108  2.79x10°8  2.16x10°8 1.22x108  5.29x107 2.83x10"7 1.87x10°% 1.37x10°°
1521077 7 108 5.84x10°8  4.42x10%  3.48x10°8  2.02x108 9.09x1077  4.96x10°% 3324107  2.46x10°7
1.02x107 5 1078 4.21x10°8  3.25x10°8  2.59x1078  1.55x10°8  7.25x107%  4.06x107®  2.76x10°%  2.07x107?
8.34x108 5 1078 4.23x108 3.32¢108  2.68x1078  1.64x1078  7.89x10°? 4.50x10°7  3.09x1077  2.33x107°
5.23x10°8 3 (1078 3.22¢10"8 2.59x107®  2.13x10°8  1.34x1078 6.72x10°% 3.93x10°7 2.74x10"%  2.08x10°7

(]

fi' ¢

Y

[

{6



144

Table 4.1-9. Annual average ati

NNE
NE
ENE

ESE
SE
SSE

SsW
SW
WsW

NW
NNW

based on 1983-19 data.

spheric diffusion factors (x/Q’) for the 200-East Area for a ground-level release

' X/Q' (s/m)

0.8 km 24 km_ 4 km_ 5.6 kn 7.2 km 12 dm 26 dkm____40 km 56 km 72 km
3.87x10°%  6.08x107 2 107 1.70x10°7  1.18x1077 5.72x10°8  2.20x10°8  1.10x10®  7.05x10  5.06x1070
2.06x10°%  3.21x107 1 07 8.93x108  6.20x108  3.00x108  1.15x108 s5.75x1070  3.67x107?  2.63x1077
2.43x10°6  3.83x10°7  1.75x10°7  1.06x10°7  7.39x10°8 3.57x10°8  1.37x108  6.84x10°%  4.35x1079  3.12x1077
3.30x10°6  s5.18x1077 2 1077 1.a4x1077  1.00x1077  4.86x1078  1.86x10°8  9.33x1077  5.95x10°%  4.27x1077
8.99x10°%  1.42x106 6 1077 3.99x1077  2.77x10°7  1.35x1077  5.19x10°8  2.60x10%  1.66x10"8 1.19x10°8
9.59x1078 1.52x10°6 6 1077 4.22x1077  2.93x1077  1.41x107  5.40x10°8  2.69x108 1.71x10®  1.23x1078
6.36x10°8  9.93x10°7  4.52x10°7  2.73x10°7  1.89x1077  9.08x10"8  3.44x108 1.71x10® 1.08x10"® 7.74x10°0
3.91x10°%  6.07x1077 2 1077  1.66x10°7  1.15x10°7  5.50x108 2.08x10°8 1.03x108 6.51x10°% 4.64x1070
4.24x10°8  6.51x10°7 2 1077 1.76x1077  1.21x1077  5.75x10°8  2.14x1078  1.05x1078  6.63x107  4.71x1070
2.53x10°6 387107 1 07 1.04x1077  7.12x10°%  3.36x1078  1.24x108  6.06x107 3.80x107 2.69x10°°
2.98x10°6  4.61x10°7 2 1077  1.25x10°7 8.57x10°8  4.06x1078  1.51x108  7.37x107  4.63x10°%  3.28x10°°
2.60x10°6  3.99x10°7 1 1077  1.07x1077  7.39x108  3.50x10°8 1.30x10°8 6.37x10"? 4.01x10°% 2.84x10°°
4.45x10°6  6.86x1077 1 107 1.87x10°7  1.29x1077  6.15x10°8  2.31x10°8  1.14x10°8  7.22¢10% s5.14x10°°
3.65x10°8  5.66x10°7  2.57x10°7  1.55x107  1.07x1077  5.15x10°8  1.95x10°8 9.67x107 6.14x10"  4.38x1077
3.67x10°6  5.72x10°7  2.61x107  1.58x10°7  1.09x10°7 5.26x10°8 2.00x10°8 9.97x10°% 6.34x10°% 4.53x10°°
3.56x10°6  s.60x107 2 1077 1.56x1077  1.08x1077  5.26x1078  2.01x10°8  1.00x107® 6.40x107% 4.59x107°
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factor tables for both elevated and ground-level releases, respectively. An effective stack
height of 89 m {292 ft) has been assumed for elevated releases in Table 4.1-8, based on
an actual stack height of 60 m (197 ft) and a typical plume rise of 28 m (92 ft).

4.1.7 Air Quality

National ambient air-quality standards (NAAQS) have been set by the U. S. Environ-
mental Protection Agency (EPA), as mandated in the 1970 Clean Air Act and the Clean Air
Act Amendments of 1990. Ambient air is that portion of the atmosphere, external to
buildings, to which the general public has access. 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-10), lead, and ozone. The standards specify the
maximum pollutant concentrations and frequencies of occurrence that are allowed for
specific averaging periods (i.e., the concentration of carbon monoxide when averaged over
1 hour is allowed to exceed 40 mg/m?® only once per year). The averaging periods vary
from 1 hour to 1 year, depending on the pollutant.

For clean areas, 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 Oxide (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 total suspended particulates. In addition,
Washington State has established standards for volatile organic compounds (VOC),
arsenic, fluoride, and other pollutants that are not covered by national standards. The
state standards for carbon monoxide, nitrogen dioxide, ozone, fine particulates (PM,,), and
lead are identical to the national standards. At the local level, the Tri-County Air Pollution
Control Authority (renamed the Benton-Franklin Counties Clean Air Authority as of January
1994) has the authority to establish more stringent air standards, but has not done so.
Table 4.1-10 summarizes the relevant air quality standards (federal and supplemental state
standards).

Prevention of Significant Deterioration. Nitrogen oxide emissions from PUREX and the
U0, plants are permitted under the PSD program. There were no PSD permit violations
during 1992,

Major Stationary Emission Sources. Emission inventories for permitted pollution
sources in Benton, Franklin, and Walla Walla counties are routinely compiled by the
Tri-County Air Pollution Control Board (Benton-Franklin Counties Clean Air Authority).
Table 4.1-11 lists the annual emission rates for stationary sources within the Hanford Site
boundaries that have been reported to the Washington State Department of Ecology
(Ecology) by the U. S. Department of Energy (DOE).
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Table 4.1-10. National and Washington State ambient air quality standards'®.

National National Washington _
Poltutant Primary Secondary Statg

Total Suspended
Particulates

Annual geometric mean NS®! NS 60 ug/m?

24-h average NS NS 150 pg/m3
PM-10 (fine particulates)

Annual arithmetic mean 50 ug/m® 50 pg/m® 50 pg/m3

24-h average 150 pg/m3 150 pg/m3 150 pg/m3
Sulfur Dioxide

Annual average 0.03 ppm NS 0.02 ppm

24-h average 0.14 ppm NS 0.10 ppm

3-h average NS 0.50 ppm NS

1-h average NS NS 0.40 ppm‘
Carbon Monoxide
~ 8-h average 9 ppm 9 ppm 9 ppm

1-h average 35 ppm 35 ppm 35 ppm
Ozone

1-h average'® 0.12 ppm 0.12 ppm 0.12 ppm
Nitrogen Dioxide

Annual average 0.05 ppm 0.05 ppm 0.05 ppm
Lead _

Quarterly average 1.5 pg/m3 1.5 pug/m3 1.5 ug/m®

(a) Source: Ecology (1993). Annual standards are never to be exceeded; short-
term standards are not to be exceeded more than once .per year unless

otherwise noted.
Abbreviations: ppm
(b) NS = no standard.

parts per million; yg/m?3

micrograms/cubic meter.

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

(d}) Not to be exceeded more than 1 day per calendar year.
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Table 4.1-11. Emission rates for stationary emission sources
within the Hanford Site for 1992,

Operation TSP PM,, SO, NO, VOC CO

Source (hr/yr) (t/yr)  (t/yr)  (t/yr)  (tlyr) (t/yr) (t/yr)
100-N Boiler 0] 0 0] 0] 0] 0] 0]
100-N Boiler 0 0 0 0 0 0 0
300-Area Temp. Boiler 6384 9 8 110 22 0 2
300-Area Boiler #3 0 o 0 0 0 0 0
300-Area Boiler #4 0] 0 0] 0] 0] 0] 0]
300-Area Boiler #5 0] 0 0] 0] 0] 0] 0]
300-Area Boiler #6 8760 4 3 48 10 0 1
300-Area Incinerator 0 0 0 0 0 0 0
200-E Boiler ) 8760 3 1 200 58 1 49
200-W Boiler 8760 4 1 260 75 1 62
1100-Area Boiler 0 0 0 0 0 0 0
1100-Area Boiler 0 0 0 0 0 0 0
200-E, 200-W Fugitive Coal 8760 107 54 0] -0 0] 0]
200-E Fugitive Emissions - 8760 1 0 0 0 0 0
200-E Area Backup Boiler 0 0 0 0 0 0 0
Res. Dis. Area Temp. Boiler 8760 9 8 120 24 0 2

(a) Source: Communication from Washington State Department of Ecology; 1992
emission rates. t/yr = tons per year; TSP = total suspended particulates;
PM,, = fine particulates; VOC = volatile organic compounds.

Onsite Monitoring. Monitoring of nitrogen oxides was discontinued after 1990 due in
large part to the ceasing of operations at the PUREX plant. Monitoring of TSP was
discontinued in early 1988 when the Basalt Waste Isolation Project, for which those
measurements were required, was concluded.

Twenty-one air samples for PCB analysis were collected during 1992. All of the results
were below the detection limit of <100 ng/sample component for each of the PCB
mixtures. The corresponding air concentrations were <0.29 ng/m? (Woodruff et al.
1993). The EPA specifies a detection limit of 1 ng/m?, thus PCB’s were well within the .
given air concentration limits. '

There were eleven air samples collected for VOC analysis in 1992. These samples
were analyzed for benzene, alkylbenzenes, halogenated alkanes, and alkenes. All of the



VOC concentrations measured were well within the maximum allowable concentrations of
air contaminants (MACAC) as established in 29 CFR 1910, January 1989.

Offsite Monitoring. The only offsite monitoring in the vicinity of the Hanford Site in
1992, for PM,,, was conducted by Ecology (Ecology 1993). TSP monitoring at the
Tri-Cities locations was discontinued in early 1989. Monitoring at the remaining two
locations, Sunnyside and Wallula, was discontinued in May 1991.

PM,, was monitored at three locations: Columbia Center in Kennewick, Wallula, and
the Walla Walla Fire Station (Table 4.1-12). During 1992, the 24-hour PM,, standard
established by the state of Washington, 150 #g/m3, was exceeded twice at the Columbia
Center monitoring location; the maximum 24-hour concentration at Columbia Center was
596 pg/m3; the other occurrence > 150 ug/m*® was 183 pg/m®. None of the sites
exceeded the annual primary standard, 50 yg/m?, during 1992.

Background Concentrations. During the past 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. Because these measurements were made in the
vicinity of local sources of pollution, they will overestimate maximum background
concentrations within the Hanford Site or at the Site boundaries.

Particulate concentrations can reach relatively high levels in eastern Washington State
because of exceptional 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

Table 4.1-12. Results of PM,, monitoring near the Hanford Site in 1992,

Annual Arithn ic Max. ~ e tration M Ir el
Location Mean (ug/~—*' _ g/~ ) > 150 yg/m?
Kennewick, .

Columbia Center 26 596 2
Wallula 35 124 0
Walla Walla Fire

Station 28 67 0]

{a) Source: Ecology (1993).
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Mountain crest. EPA has in the past exempted the rural fugitive dust component of
background concentrations when considering permit applications and enforcement of air
quality standards. However, EPA is now investigating the prospect of designating the Tri-
County area (i.e. parts of Benton, Franklin, and Walla Walla counties) as a nonattainment
area for fine particulate material (PM,,). Windblown dust has been identified as a
particularly large problem in this area. A grant to Washington State University and the
Agricultural Research Center has funded a study to ascertain the effects of this dust. The
Department of Ecology has been working with the EPA and the local Air Quality District to
control other sources of PM,,, thereby potentially delaying or preventing the need for the
nonattainment designation. At this time, a final decision has not been made on this issue.

4.1.8 100 Areas

The surface wind pattern at the 100-N Area (see Figure 4.2-8 for location of
100 Areas) is greatly affected by the topographic influence of the Columbia River. The
wind rose for station 13 (see Figure 4.1-2) shows a prevailing wind direction from the
west-southwest (along the river) at the 10-m (33-ft) level. The 60-m (197-ft) tower at the
100-N Area provides additional data to define the wind at 60 m (197 ft), which is
influenced less by surface features than the 10-m (33-ft) instrument.

Temperature measurements for this area were also initiated at the time the 60-m -
(197-ft) tower was erected. Temperature difference measurements between the 60-m
(197-ft) and 10-m (33-ft) levels provide information for determining atmospheric stability, a
parameter important to atmospheric dispersion calculations. The X/Q’ values in
Table 4.1-7 may be used.

4.1.9 300 Area

The wind rose for the 300 Area (Station 11) shows that the largest (and approximately
the same) percentages of wind blow from the northwest/north-northwest and south-
southwest/southwest directions (see Figure 4.1-2); however, winds from the southwest
quadrant tend to be stronger.

Data collected by Washington Public Power Supply System for WNP-1 and data
collected from the 10-m (33-ft) towers at the 300 and 400 Areas have differed signifi-
cantly. Because these locations are relatively close together, Pacific Northwest Laboratory
(PNL) »Hnstruc 160-m (- 7-ftitowe inthe  and<« DA in 1€~ 3 provic
additional wind and temperature information to further define meteorological conditions in
this area. . '

Nitrogen dioxide sampling and analysis were performed by the Hanford Environmental
Health Foundation (HEHF).
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4.2 Geology and Hydrology
4.2.1 Geology
4.2.1.1 Physiography

The Hanford Site lies within the Columbia Basin and Central Highlands subprovinces 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 past 17 million years. The Columbia Plateau is that portion of the Columbia
Intermontane Province that is underlain by the Columbia River Basalt Group (Thornbury
1965).

The physiography of the Hanford Site is dominated by the low-relief plains of the
Central Plains and anticlinal ridges of the Yakima Folds physiographic regions. 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 targe 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. The 200 Areas’ waste
management facilities 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 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 alot
sedimentary units intercalated with the basalt whereas active landslides 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.

4.2.1.2 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 below. A more detailed discussion of the Hanford Site
stratigraphy is given in DOE (1988).
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Figure 4.2-3. Stratigraphic column for the Pasco Basin.
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Columbia River Basalt Group. The Columbia River Basalt Group (Figure 4.2-3).
comprises 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?3 (67,200 m?) (Tolan et al.
1987). lsotopic 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. 1979; Waters 1961). The Columbia River Basalt Group is
formally divided 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.

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; Swanson et al. 1979;
Smith 1988). 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 have been named (i.e., Mabton, Selah, Cold
Creek) and these deposits are found primarily in the Wanapum and Saddle Mountains
Basalts. 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.

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

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). 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. :
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Fluvial deposits of the Ringold Formation can be broken into three facies associations
based on proximity to the ancestral Columbia and/or Snake River channels and the related
paleography during Ringold time. Gravel and associated sand and silt represent a migrating
channel deposit of the major, thoroughgoing river systems and are generally confined to
the central portion of the Pasco Basin. Overbank sand, silt, and clay reflect occasional
deposition and flooding beyond the influence of the main river channels, and are generally
found aiong the margins of the Pasco Basin. Fanglomerates, composed of mostly angular
basaltic debris derived from side-stream alluvium shed off bedrock ridges, occur locally
around the extreme margins of the basin. Over time, the main river channels moved back
and forth across the basin, causing a shift in location of the various facies. Periodically,
the river channels were blocked, causing lakes to develop in which laminated mud with
minor sand was deposited.

In Tallman et al. (1979), the Ringold Formation was divided into four lithofacies units.

In ascending order, they are the coarse-grained basal Ringold, the fine-grained lower
Ringold, the coarse-grained middle Ringold, and the fine-grained upper Ringold units
(Figure 4.2-4). Bjornstad (1984) further subdivided the basal Ringold unit. A new
approach is being developed to reevaluate the Ringold stratigraphy using facies associa-
tions (Lindsey and Gaylord 1989; Lindsey 1991a). Figure 4.2-4 shows the relationships
between these different stratigraphic nomenclatures. The stratigraphic divisions of the
Ringold Formation as presented in Lindsey et al. {1992) will be used in this report. Lower-
most in the Ringold is Unit A, a fluvial sand and gravel unit that occurs in the central
portion of the Pasco Basin, pinching out toward the margins of the basin and- onto the anti-
clines. Unit A correlates to the coarse-grained portion of the Basal Ringold Member.
Overlying this coarse-grained unit is the relatively extensive Lower Mud Sequence,
consisting of overbank and lacustrine deposits of mud and occasionally sanid. The Lower
Mud Sequence is found throughout much of the Pasco Basin, pinching out on the southern
flank of the Umtanum Ridge-Gable Mountain anticline and near the margins of the basin. It
correlates to the fine-grained portion of the Basal Ringold Member and the Lower Ringold
Member. Overlying the Lower Mud Unit is a complex series of sedimentary units deposited
by ancestral Columbia River as it shifted back and forth across the Pasco Basin over time.
Main-channel facies gravel and sand units overlie the Lower Mud Unit over much of the
Pasco Basin. Where these coarse-grained units are overlain by another mud unit, the
gravelly sediments are designated Unit B in the eastern part of the basin, or Unit D in the
western part. In the 200 West Area and vicinity, there is only one thick sequence of
fluvial gravel and sand, part of which may include sediments correlative to Unit D. in some

( north of dle Moun nandintt e: ern| toftl 0 1, tl unnamed
mud is overlain by another series of coarse-grained fluvial sediments, designated Unit C,
and another unnamed mud unit. These unnamed mud units are thickest in the northern
and northeastern parts of the Hanford Site, where they form extensive series of overbank/
paleosol sequences.
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Ringold Unit E correlates to the Middle Ringdld Member, and may lie directly upon any
of the above units. If the underlying unit is a fluvial gravel facies, it is virtually indistin-
guishable from sediments in Unit E and the entire sequence is generally called Unit E. Itis
present throughout most of the Hanford Site, with the exception of the northern and north-
eastern portions, where the Ringold contains virtually no main-channel deposits. Overlying
Unit E is the Upper Ringold Unit, which directly corresponds to previous nomenclature and
stratigraphy. This unit consists of overbank/paleosol deposits found over much of the
Hanford Site, but has been eroded from the 200 East and 300 areas. Most of White Bluffs
on the east side of the Columbia River consists of Upper Ringold sediments.

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 (Brown 1960; Bjornstad
1985; Newcomb et al. 1972). Following incision, a well-developed soil formed on top of
the eroded surface. The exact timing and duration of incision are unknown; however, it
probably occurred between 1 and 3.4 million years ago.

Plio-Pleistocene Unit. A locally derived unit consisting of a sidestream alluvium and/or
pedogenic calcrete occurs at the unconformity between the Ringold Formation and the
Hanford formation (Bjornstad 1984, 1985). The sidestream alluvial facies is derived from
Cold Creek and its tributaries and is characterized by relatively thick zones of unweathered
basalt clasts along with pedogenically altered loess or colluvium. The calcrete is relatively
thick and impermeable in areas of the western Pasco Basin, often forming an aquitard to
downward migration of water in the vadose zone where artificial recharge is occurring.

Early "Palouse” Soil. Overlying the Plio-Pleistocene unit in the Cold Creek syncline area
is a fine-grained sand to silt. It is believed to be mainly of eolian origin, derived from either
an older reworked Plio-Pleistocene unit or upper Ringold. The early Palouse soil differs
from the overlying slackwater flood deposits by a greater calcium-carbonate content,
massive structure in core samples, and a high natural gamma response in geophysical logs.

Quaternary Deposits. Aggradation of sediments resumed during the Quaternary
following the period of late-Pliocene to early-Pleistocene incision. In the central Columbia
Plateau, the Quaternary record is dominated by proglacial cataclysmic flood deposits with
lesser amounts’ of fluvial and eolian deposits lying below, between, and above flood
deposits. :

Sand and gravel river sediments, referred to informally as the pre-Missoula gravels .
(PSPL 1982), were deposited after incision of the Ringold and prior to deposition of the
cataclysmic flood deposits. The pre-Missoula gravels are very similar to the Ringold
Formation main-channel gravel facies, consisting of dominantly non-basaltic clasts. 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.

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 yr ago by the presence of Mount St. Helens
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"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 downvalley 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 381.25 m (1250 ft) in elevation, which
lasted only a few weeks or less (Baker 1978). Two end-member types of flood deposits
are normally observed: a sand-and-gravel, main-channel facies, and a mud-and-sand,
slackwater facies. Within the Pasco Basin, these are referred to as the Pasco Gravels and
slackwater deposits of the Hanford formation (Myers et al. 1979). Sediments with
intermediate grain sizes (e.g., sand) are also present in areas throughout the Pasco Basin,
particuiarly on the south, relatively protected haif of Cold Creek bar.

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 (WPPSS 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 e Columbia
Plateau. Active and stabilized sand dunes are widespread over the Pasco Basin (Fig-
ure 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 upper Ringold unit -
outcrops in the Pasco Basin (Figure 4.2-5). '

4.2.1.3 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
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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 Plateau and exhibits only relatively mild structural
deformation. The Palouse Slope is underlain by a wedge of Columbia River basalt that
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 5 and 31 km (3 and 19 mi) and
amplitudes commonly <1 km (0.6 mi) (Reidel et al. 1989). 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 and was probably contemporaneous with the eruption of
the basalt flows (Reidel 1984). 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. ‘

Thrust or high-angie reverse faults with fault planes that strike parallel or subparallel to
the axial trends are principally found along the limbs of the antic nes (Bentley et al. 1980;
Hagood 1985; Reidel 1984; Swanson et al. 1979, 1981). The amount of vertical strati-
graphic 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 (Figure 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). )

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 towards the 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 (PSPL 1982) 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).
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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)
(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 fauited
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). At
Snively Basin the Rattlesnake Mountain structure intersects the Rattlesnake Hills anticline,
which extends beyond Yakima and has an east-west trend.

The Cold Creek syncline (Figure 4.2-6) lies batween 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). The Wahluke syncline lies between Saddle
Mountains and the Umtanum Ridge-Gable Mountain uplifts. It, too, is asymmetric and
relatively flat-bottomed, and is broader than the Cold Creek syncline (Myers et al. 1979).

The Cold Creek Fault (previously called the Yakima Barricade geophysical anomaly)
(Figure 4.2-6) occurs on the west end of the Cold Creek syncline and coincides with a
west-to-east change in hydraulic gradient. 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 here, is located nearly 3 miles
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. .

4.2.1.4 Soils

Hajek (1966) lists and 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).

4.2.1.5 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 structural damage and
human perception of the shaking, as classified by the Modified Mercalli Intensity (MMI)
scale, and is probably incomplete because the region was sparsely populated.
Seismograph networks did not start providing earthquake locations and magnitudes of
earthquakes in the Pacific Northwest until about 1960. A comprehensive network of
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Ri - Ritzville Silt Loam

Rp - Rupert Sand

He - Hezel Sand

Ki - Koehler Sard

Ba - Burbank Loamy Sand
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Wa - Warden Silt Loam
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P - Pasco Silt Loam

Qu - Esquatzel Silt Loam
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Table 4.2-1.

— Name (symbol)
Ritzville Silt Loam (Ri)

Quincy Sand (Rp)

Hazel Sand (He)

Koehler Sand (Kf)

Burbank Loamy Sand (Ba)

Kiona Silt Loam (Ki)

Warden Siit Loam {Wa)

"Ephrata Sandy Loam (E!)

Ephrata Stony Loam {Eb)

Soil types on the Hanford Site (after Hajek 1966).

Description

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 at <150 cm

(60 in.) but >75 cm {30 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 dunelike 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 layer "Hardpan.” Very dark grayish-
brown surface layer is somewhat darker than Rupert. 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%.

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
nresent. A shallow stony soil normally occurring in association with
...tzville 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. )

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

Similar to Ephrata sandy loam. Differs in that many large hum-
mocky ridges are presently made up of debris released from melting
glaciers. Areas between hummocks contain many boulders several
feet in diameter.
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Table 4.2-1. (contd)

Name (symbol) Description

Scootney Stony Silt Developed along the north slope of Rattlesnake Loam (Sc) Hills;
usually confined to floors of narrow draws or small fanshaped 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.

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

Esquatzel Silt Loam (Qu) 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.

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

Dune Sand (D) 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.

Lickskillet Silt Loam (Ls) 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, suggests a location within a broad
region between Lake Chelan, Washington, and the British Columbia
border. -

seismic stations that providés accurate locating information for most earthquakes of
magnitude > 2.5 was installed in eastern Washington in 1969. DOE (1988) provides a
summary of the nicity of the :ific Northwest, a detailed review of the ¢« smicity 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 in
the vicinity of 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 V!l and a Richter magnitude of 7.3." Another large event
occurred near Olympia, Washington in 1949 at a maximum intensity of MMI VIIl and a
Richter magnitude of 7.1. The two largest events near the Rocky Mountains were the
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1959 Hebgen Lake earthquake in western Montana, which had a Richter magnitude of 7.5
and a MMI X, and the 1983 Borah Peak earthquake in eastern Idaho, which had a Richter
magnitude of 7.3 and a MMI IX.

A large 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
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 MMI of > 1V and at magnitude >3, and Figure 4.2-9 shows the
locations of all earthquakes that occurred from 1969 to 1986 at magnitudes >3. The
largest known earthquake in the Columbia Plateau occurred in 1936 around Milton-
Freewater, Oregon. This earthquake had a 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 magnitudes >5 and/or intensities of Vi are located 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 earth-
quakes have occurred within the Columbia Plateau, including one event in the
Milton-Freewater 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. 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.

Earthquakes in a swarm tend to gradually increase and decay with frequency of events,
and there is usually no one outstanding large event within the sequence. These earth-
quake swarms occur at shallow depths, with 75% of the events located at depths <4 km
(2.5 mi). Each earthquake swarm typically lasts several weeks to months, consists of
several to 100 or more earthquakes, and is clustered in an area 5 to 10 km (3 to 6 mi) 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, thoroughgoing
fault plane.

Earthquakes in the central Columbia Plateau also occur to depths of about 30 km
(18 mi). These deeper earthquakes are less clustered and occur more often as single,
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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
thoroughgoing fault plane that would be consistent with the faulting observed on this
structure.

~ 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 fold 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-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 Project WNP-2, the Nuclear Regulatory Commission (NRC 1982) concluded
that four earthquake sources should be considered for the purpose of 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 magnitude of 6.5, and for Gable
Mountain, an east-west structure that passes through the northern portion of the Hanford
Site, a maximum magnitude of 5.0. These estimates were based upon the inferred sense
of slip, tl 1lt length, and/or ti oo The floating « -thqual for tl stonic
province was developed from the largest event located in the Columbia Plateau, the
magnitude 5.75 Milton-Freewater earthquake. The maximum swarm earthquake for the
purpose of WNP-2 seismic design was a 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.)

The seismic design of WNP-2 is based upon a Safe-Shutdown Earthquake (SSE) of

0.25 gravity (g; acceleration). A probabilistic seismic exposure analysis was used to
determine an annual probability of 1 x 10 for exceedance of 0.25 gravity (WPPSS 1981).
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For the WNP-2 site, potential earthquakes associated with the Gable Mountain structure
dominated the exceedance probabnhty calculations compared with other potential sources
that were considered.

4.2.2 Hydrology
4.2.2.1 Hydrology

Surface Water. Surface water at Hanford includes the Columbia River (northern and
eastern sections), riverbank springs along the river, springs on Rattlesnake Mountain, on-
site ponds, and offsite water systems directly east of and across the Columbia River from
the Hanford Site. In addition, the Yakima River flows along a short section of the southern
boundary of the Site (Figure 4.2-10).

Columbia River. The Columbia River is the second largest river in North America and
the dominant surface-water body on the 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 is now currently under
consideration for designation as a National Wild and Scenic River as a result of
congressional action in 1988.

Originating in the mountains of eastern British Columbia, Canada, the Columbia River
drains a total area of approximately 70,800 km? (27,300 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 dam upstream, and
McNary is the nearest dam downstream. Lake Wallula, the impoundment created by
McNary Dam, extends up to the vicinity of Richland, Washington. Except for its estuary,
the only unimpounded stretch of the Columbia River in the United States, the Hanford
Reach, extends from Priest Rapids Dam to the head of Lake Wallula.

Flows through the Reach fluctuate significantly and are controlled primarily by
operations at Priest Rapids Dam. Annual average flows at the vicinity of Priest Rapids over
the last .3 years have averaged nearly 3360 m® (1 20 000 ft%) per second (McGavock
et al. 1987). Daily average flows range from 1008 m? ta 7000 m® (36,000 ft° to
250,000 ft* per second. Monthly mean flows typically peak from April through June
during spring runoff from winter snows, and are lowest from September through October,
accentuated by extensive river-water removal for irrigated agriculture in the Mid-Columbia
Basin. As a result of fluctuations in discharges (called hydropeaking), the depth of the
river varies significantly over time. Fluctuations of >5 vertical feet are not uncommon
along the Reach (Dirkes 1993). The width of the river varies from approxnmately 300m
(984 ft) to 1000 m (3,281 ft) within the Hanford Site.

The primary uses of the Columbia River include the production of hydroelectric power
and extensive irrigation in the Mid-Columbia Basin. Several communities located on the
Columbia River rely on the river as their source of drinking water. Water from the
Columbia River along the Hanford Reach is also used as a source of drinking water by
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several onsite facilities and for industrial uses (Dirkes 1993). In addition, the Columbia
River is used extensively for recreation, which includes fishing, hunting, boating,
sailboarding, water-skiing, diving and swimming.

The Yakima River. The Yakima River, bordering a small length of the southern portion
of the Hanford Site, has a low annual flow compared to the Columbia River. The average
annual flow, based on nearly 60 years of records, is about 104 m? per second (cms)
(3,712 cfs), with an average monthly maximum of 490 cms (17,500 cfs) and minimum of
4.6 cms (165 cfs). Approximately one-third of the Hanford Site is drained by the Yakima
River System.

Springs and Streams. Rattlesnake and Snively Springs, located on the western part of
the Site, form small surface streams. Rattlesnake Springs flows for about 3 km (1.6 mi)
before disappearing into the ground (Figure 4.2-11). Cold Creek and its tributary, Dry
Creek, are ephemeral streams within the Yakima River drainage system along the southern
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.

Precipitation. Total estimated precipitation over the Pasco Basin is about 9 x 108 m*
annually, averaging <20 cm/yr (approximately 8 in./yr). Mean annual runoff from the
Pasco.Basin is estimated at <3.1 x 107 m3/yr, or approximately 3% of the total precipita-
tion. 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) sug-
gest that precipitation may contribute recharge to the ground water in areas where soils
are course-textured and bare of vegetation. Studies by Gee et al. (1987), Gee and Kirkham
(1984), and Gee and Heller (1985) provide information concerning natural recharge rates
and evapotranspiration at selected locations on the Hanford Site.

Flooding. lLarge 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 cms
(742,000 cfs). The flood plain associated with the 1894 flood is shown in Figure 4.2-12,
The largest recent flood took place in 1948 with an observed peak discharge of
20,000 cms (706,280 cfs) at the Hanford Site. The probability of flooding at the magni-
tude of the 1894 and 1948 floods has been greatly reduced because of upstream
regulation by dams (Figure 4.2-13).

There are no Federal Emergency Management Agency (FEMA) flood plain maps for the

Hanford Reach of the Columbia River. FEMA only maps developing areas, and the Hanford
Reach is specifically excluded.
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Figure 4.2-11. Hanford Site and surrounding area
(from Woodruff et al. 1993).

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, and May 1948;
discl ge gnitud : Kiona, Wi ington were 1870, 1900,and 1( . ns 3 )0,
67,000, and 37,000 cfs), respectively. 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. Lands susceptible to a 100-year flood on the Yakima River are shown in Fig-
ure 4.2-14. Flooded areas could extend into the southern section of the Hanford Site, but
the upstream Yakima River is physically separated from the Hanford Site by Rattlesnake
Mountain which would prevent major flooding of the Hanford Site.

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
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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 below Priest Rapids Dam has been calculated to be
40,000 cms (1.4 million cfs) and is greater than the 500-year flood. The flood plain
associated with the probable maximum flood is shown in Figure 4.2-15. 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 unaffeected (DOE 1986).

The U. S. Army Corps of Engineers (1989) has derived the Standard Project Flood (SPF)
with both regulated and unregulated peak discharges given for the Columbia River below
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 SPF
for this part of the river is given as 15,200 cms (54,000 cfs) and the 100-year regulated
flood as 12,400 cms (440,000 cfs). No maps for the flooded areas are given.

Potential dam failures on the Columbia River have been evaluated. Upstream failures
could arise from a number of causes, with the magnitude of the resuiting flood depending
on the degree of breaching at the dam. The U. S. Army Corps of Engineers evaluated a
number of scenarios on the effects of failures of Grand Coulee Dam, assuming flow -
conditions of the order of 11,000 cms (400,000 cfs). For purposes of emergency plan-
ning, 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 cms (21 million cfs). In addition to the areas inundated by the probable maximum
flood (see Figure 4.2-15), 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 deter-
minations 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 realistically 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 the Grand Coulee Dam would be 100% destroyed instanta-
neously; and 2) it was 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 105 m?

(1 x 108 yd®) landslide volume with a concurrent flood flow of 17,000 cms (600,000 cfs)
(a 200-year flood) resulting in a flood-wave 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 4.2-15 (DOE 1986).
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A flood risk analysis of Cold Creek was conducted in 1980 as part of the characteri-
zation of a basaltic geologic repository for high-level radioactive waste. Such design work
is usually done according to the criteria of Standard Project Flood (SPF) or Probable
Maximum Filood (PMF), rather than the worst-case or 100-year flood scenario. Therefore,
in lieu of 100- and 500-year floodplain studies, a PMF 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 Route 240 along the southwestern and
western areas would not be usable (see Figure 4.2-16).

Columbia Riverbank Springs. The seepage of groundwater, or springs, into the
Columbia River has been known to occur for many years. Riverbank spring discharges
were documented along the Hanford Reach long before Hanford Operations began during
the Second World War (Jenkins 1922). Riverbank springs are monitored for radionuclides
at 100 N, the old Hanford townsite, and the 300 Area. These relatively small springs flow
intermittently, apparently influenced primarily by changes in river level. Hanford-origin
contaminants have been documented in these groundwater discharges along the Hanford
Reach (Dirkes 1990; DOE 1992; McCormack and Carlile 1984; Peterson and Johnson
1992). .

Onsite Ponds. Currently, there are three onsite ponds at the Hanford Site (see Fig-
ure 4.2-17). One is part of the B-Pond complex, located near the 200-East Area. It was
originally excavated in the mid-1950s for disposal of process cooling water and other liquid
wastes occasionally containing low levels of radionuclides. West Lake is located north of
the 200-East Area, and is recharged from ground water (Gephardt et al. 1976). West Lake
has not received direct effluent discharges from Site facilities; rather, its existence is
caused from the elevated water table that intersects the land surface in the topographically
low area south of Gable Mountain (and north of the 200-East Area). The artificially-
elevated water table occurs under much of the Hanford Site and reflects the artificial
recharge from Hanford Site operations (see Groundwater section below). The FFTF Pond is
located near the 400 Area, and was excavated in 1978 for the disposal of cooling and
sanitary water from various facilities in the 400 Area (Woodruff et al. 1993).

The ponds are not accessible to the public and did not constitute a direct offsite
environmental impact-during 1992 (Woodruff et al. 1993). However, the ponds are
accessible to migratory waterfowl, creating a potential pathway for the dispersion of

nm I ts. Periodic ing provit i indc it cl tonefflue control d
monitoring systems (Woodruff et al. 1993).

Offsite 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 Waluke Slope portion of the Hanford Site,
which lies north of the Columbia River. Hatcheries and canals associated with the
Columbia Basin Irrigation Project constitute the only other artificial surface-water expres-
sions in the area. The Ringold Hatchery is the only local hatchery, just south of the
Hanford Site boundary on the east side of the Columbia River (just north of the 300 Area).
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The Riverview Irrigation Canal is currently being sampled for possible "downwind” airborne
contamination and is representative of the extensive canal system in Central and Eastern
Washington.

Groundwater. Groundwater is but one of the many interconnected stages of the hydro-
logic cycle. Essentially all groundwater, including Hanford'’s, originates 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 waste-water disposal.

Hanford Site Aquifer Systems. The unconfined aquifer is also referred to as the upper
or suprabasalt aquifer system because portions of the upper aquifer system are locally
confined or semiconfined, and because in the 200 East Area the unconfined system is in
communication with the confined system. However, because the entire suprabasalt aquifer
system is interconnected on a sitewide scale, it will be called the Hanford unconfined
aquifer for the purpose of this report. Aquifers located within the Columbia River Basaits
are referred to as the confined aquifer system. The following presentation of the Hanford
Site aquifer systems is taken from Thorne and Chamness (1992).

Confined Aquifer System. Confined aquifers within the Columbia River Basalts are
within relatively permeable sedimentary interbeds and the more porous tops and bottoms
tops of basalt flows. The horizontal hydraulic conductivities of most of these aquifers fall
in the range of 10" to 10* m/s. Saturated but relatively impermeable dense interior
sections of the basalt flows have horizontal hydraulic conductivities ranging from 1075 to
10°° m/s, about five orders of magnitude lower than those of the confined aquifers (DOE
1988). Hydraulic-head information indicates that groundwater in the confined aquifers
flows generally toward the Columbia River and, in some places, toward areas of enhanced
vertical flow communication with the unconfined system (Bauer et al. 1985; Spane 1987;
DOE 1988). The confined aquifer system is important because it is known to be in
hydraulic communication with the unconfined aquifer in the area northeast of the 200-East
Area (Graham-et al. 1984), and because there is a potential for significant groundwater
leakage between the two systems. No data quantifying the leakage between the upper
confined and unconfined aquifers are available. Head relationships pri :nted inp riot
reports (DOE 1988) demonstrate the potential for such leakage. Water chemistry data
indicating that interaquifer leakage has taken place in areas of increased vertical communi-
cation also have been presented in published reports (Graham et al. 1984; Jensen 1987).

Unconfined Aquifer. 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 (Figure 4.2-18). The
Columbia River is the primary discharge area for the unconfined aquifer. The Yakima River
borders the Hanford Site on the southwest and is generally regarded as a source of
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recharge. Natural areal recharge from precipitation across the entire Hanford Site is
thought to range from about 0-10 cm/yr (0-4 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). Since 1944, the
artificial recharge from Hanford waste-water disposal operations has been significantly
greater than the natural recharge. An estimated 1.68 X 1072 L of liquid was discharged to
disposal ponds, trenches, and cribs in this period.

Horizontal hydraulic conductivities of sand and gravel facies within the Ringold
Formation generally range from about 10 to 10 m/s (10-102 ft/day) (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. Prior to waste-water 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, waste-water
discharges have raised the water-table elevation across the site and created groundwater
mounds under the two main waste-water 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
transmissivity not only because of the greater volume of groundwater but also because the
newly saturated sediments are highly permeable.

Since the beginning of Hanford operations in 1943, the water table has risen about
27 m (89 ft) under at least one 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
200 East. However, the lower conductivity of the aquifer in the vicinity of 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 in some areas since 1980 because of decreased
wastewater discha s (Newcomer 1990).

Limitations of Hydrogeology Information. The sedimentary architecture of the
unconfined aquifer is very complex because of repeated deposition and erosion that have
occurred in this area. 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 facies. A number of rela-
tively 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 useful in defining facies architecture. For
most of the thinner and less extensive sedimentary units, correlation between wells is
either not possible or uncertain.

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 Ground-Water
Surwveillance Project and for environmental restoration efforts in the 200 Areas (WHC data
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packages) (Thorne and Newcomer 1992; Thorne et al. 1993; Kipp and Mudd 1973).
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 layer. 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. Only three hydraulic tests within the Hanford Site have resulted in
estimates of aquifer specific yield.

Natural Groundwater Quality. Groundwater chemistry in the confined aquifer units
displays a range, depending upon depth and residence time, from a calcium and magne-
sium carbonate water to a sodium and chloride carbonate water. Some of the shallower
confined aquifers in the region (e.g., the Wanapum basalt aquifer at <300 m [984 ft])
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). '

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 groundwaters in the shallow confined
aquifer (Johnson et al. 1992). Chlorine-36 and noble gas isotape data suggest ages
greater than 100,000 years for groundwaters in the deeper confined systems (Johnson
et al. 1992). These relatively long residence times are consistent with arid-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 (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 200 West Area of the Hanford Site (Johnson et al. 1992). i

Hydrology- East and North of the Columbia River. The Hanford Site boundary extends
to the east and north of the Columbia River in order 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 is impacted by high
artificial recharge from irrigation practices and leaky canals. The outlying areas east and
north of the _olumbia River are i~ ated by the South Columbia Basin Irrigation District,
which is part of the Columbia Basin irrigation District, and artificial recharge has elevated
the water table throughout 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 Reservation
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 in both the Ringold and Esquatzel Coulee, and Brown (1979)
reported that runoff from spring discharge at the mouth of Ringold Coulee is
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> 10,000 gpm. Elsewhere the unconfined aquifér is in the less-transmissive Ringold
Formation. Irrigation has also resulted in a series of springs issuing from perched water
along the White Bluffs, and subsequent slumping and landslides. Irrigation on the Wahluke
Slope and the area east of the Columbia River has created perched water tables in addition
to very steep hydraulic gradients (Newcomer et al. 1992; Brown 1979).

The other principal area of irrigation is the northern part of the Pasco Basin on the
Waluke Slope between the Columbia River and the Saddle Mountain anticline. Irrigation on
Waluke Slope north of the Columbia River has created ponds and seeps in the Saddle
Mountain Wildlife Refuge. The major unconfined groundwater flow is downward move-
ment from the anticlinal axes of the basalt ridges towards the Columbia River where it
flows within a syncline. 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.

4.2.2.2 Water Quality

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.

Water samples were collected from the Columbia River along cross sections established
at the Vernita Bridge upstream of the Hanford Site, and at the Richland City Pumphouse
downstream of the Hanford Site, during the last 4 months of 1991 and quarterly through-
out 1992 (Figure 4.2-19). The results of this recent study showed that water temperature,
pH, and conductivity were within the range observed by the USGS during the course of
their national water-quality investigations (McGavock et al. 1987; Woodruff et al. 1993).
Water temperature measured at the pump outlet ranged from 6.6 to 22.8°C (12 to 41 °F)
for all locations, with little difference between sampling locations. The current major
source of heat to the Columbia River in the Hanford Reach is solar radiation (Dauble et al.
1987). Differences between river temperatures at Priest Rapids Dam and the Richland
Pumphouse during 1992, in the absence of reactor operations, were similar to those in the
past (Price 19886).

The average pH values ranged from 7.3 to 8.6 for all samples with no apparent

difference between locations. Mean conductivity values of 112 to 191 uS were similar at
both locations (Dirkes et al. 1993).
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Radionuclides consistently detected in the river during 1992 were 3H, %°Sr, 129], 234y,

and 238U. In addition, °Tc, 238U, and 23%/240py, were detected in >50% of samples

analyzed during the year. Total alpha and beta measurements (useful indicators of the

general radiological quality of the river and provide an early-indication of changes in

radioactive contamination levels because results are obtained quickly) were similar to

previous years, and were approximately 5% or less of the applicable drinking water

standards of 15 and 50 pCi/L, respectively. Tritium measurements, well below state and

federal drinking water standards, indicate there is a concentration gradient across the -
Columbia River at the Richland Pumphouse. This is interpreted to be caused by incomplete

mixing of the 200-Area groundwater plume that enters the river at the 300 Area (Backman

1962; Dirkes 1993). : ’

All non-radiological water quality standards were met for Class A-designated water
(Bisping and Woodruff 1993).

4.2.2.3 Environmental Monitoring

The DOE has conducted an environmental monitoring program at the Hanford Site for
the past 48 years.- The monitoring results have been recorded from 1946 to 1958 in
quarterly reports. Since 1958, the results have been available as annual reports
(summarized by Soldat et al. 1986). For calendar year 1992, the monitoring results for
offsite .and onsite environs and for onsite groundwater are combined in one PNL report
(Woodruff et al. 1993). -

Radioactive materials in air were sampled continuously on the Hanford Site, at the
Hanford Site perimeter, and in nearby and distant communities in the Columbia Basin in a
total of 42 locations. The air pathway sampling resulted in a potential dose to the
maximally exposed individual that was 0.04% of the EPA limit (Woodruff et al. 1993).

Groundwater was collected from 720 wells in 1992 that sampled both the confined and
unconfined aquifers beneath the Hanford Site. The major plume of tritium- contaminated
groundwater continued to move eastward, resulting in seepage into the Columbia River.
Samples of Columbia River water were collected immediately upstream and downstream of
the Hanford Site. Concentrations of all radionuclides observed in river water were all well
below applicable EPA and state of Washington drinking-water standards (Woodruff et al.
1993)

Foodstuffs from the area, including those irrigated with Columbia River water, were
sampled. Although concentrations of most specific radionuclides were below detectable
limits, low levels of tritium, strontium-90, iodine-129, and cesium-137 were found in a
number of foodstuffs collected in 1992. Details can be found in Woodruff et al. (1993). .

Deer, rabbits, game birds, waterfowl, and fish were also collected and analyzed; results
were similar to those in recent years (Woodruff et al. 1993). .Game birds, waterfowl, fish, -
and deer showed low levels of cesium-137 attributable to Hanford operations. Other
concentrations of radionuclides were typical of levels attributable to worldwide weapon-
test fallout.
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Low concentrations of radionuclides were measured in samples of soil and vegetation
during 1992. The levels were similar to those obtained in previous years, and no
discernible increase in concentration could be attributed to current Hanford operations.
Dose rates from external penetrating radiation measured in the vicinity of local residential
areas were similar to those observed in previous years, and no contribution from Hanford
activities could be identified.

Certain chemicals for which drinking water standards (DWS) have been set by the EPA
and the state of Washington were also present in Hanford groundwater near operating
areas. The following summary of chemical concentrations is from Woodruff et al. (1993).
Nitrate was measured at concentrations greater than the DWS (45 mg/L as NO; ion) in
wells in all operational areas except the 100-B and 400 Areas. Nitrate concentrations
greater than DWS were widespread in groundwater beneath the 200-W Area. Fluoride
was detected at levels greater than the primary DWS (4.0 mg/L) in the 200-W Area and
greater than the secondary standard (2.0 mg/L) in the 200-E and 200-W Areas. Chromium
concentrations exceeding DWS have been found in groundwater samples throughout most
of the Hanford Site. Carbon tetrachloride contamination was found in the unconfined
aquifer beneath much of the 200-W Area. The distribution of carbon tetrachloride in the
200-W Area has remained relatively stable since its existence was first noted in 1987. In
addition to carbon tetrachloride, significant amounts of other chlorinated hydrocarbon
solvents were found in 200-W Area groundwater, including trichloroethylene and
chloroform. Tetrachloroethylene, also referred to as perchloroethylene, is found at levels
greater than the DWS in a number of areas of the Site. Sampling at monitoring wells near
Richland water supply wells showed that concentrations of regulated groundwater
constituents in this area are below DWS and in general below detection levels (Dresel et al.
1993).

Measured and calculated radiation doses to the general public from Hanford operations
were well below applicable regulatory limits throughout 1992. The potential dose to the
hypothetical maximally-exposed individual from 1992 operations was about 0.02 millirem,
the same asreported for 1991, and 0.01 millirem lower than the 1990 dose. The potential
dose to the local population of 380,000 persons was 0.8 person-rem as compared with
0.9 person-rem in 1991 (Woodruff et al. 1993). The 1992 average dose to the population
was 0.002 millirem. These doses are much lower than doses potentially received by the
general public from other common sources of radiation (Figure 4.2-20). The current DOE
radiation limit for an individual member of the public is 100 millirem/yr, and the average
dc 3 from natural sour is 300 millirem/yr (Woodruff  al. 1993).

4.2.3 100 Areas Geology and Hydrblogy
Geology

The 100 Areas are spread out along the Columbia River in the northern portion of the
Pasco Basin. Figure 4.2-21 shows the location of cross sections through the 100 Areas.
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Figure 4.2-20. Annual radiation doses from various sources (NCRP 1987).

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 100 H Area to -64 m (-210 ft)
below sea level near 100 B/C Area. The Ringold and Hanford formations occur throughout
this area, while the pre-Missoula gravels are present in the western portion of the area; the
Plio-Pleistocené 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). Further to the north and east, however, the Ringold
sediments gradually become dominated by the lacustrine and overbank deposits and
associated paleosols (Ringold Lower Mud Sequence and unnamed units), with the
100 H Area showing almost none of the gravel facies. The pre-Missoula gravels have not
been extensively identified in the 100 Areas. At that time, the river apparently flowed
from along the front of Umtanum Ridge through the Gable Mountain-Gable Butte gap,
leaving relatively thin deposits of sand and gravel in the 100 B/C and K Areas. In the
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100 Areas, the Hanford formation consists primarily of Pasco Gravels facies, with local
occurrences of the sand-dominated or slackwater facies. Brief detailed descriptions of
each of the 100 Areas are given below.

100 B/C Area. In the 100 B/C Area, depth to basalt is approximately 183 m (600 ft).
Lindberg (1993a) has recently evaluated the geology in the 100 B/C Area, and much of the
following information is from that report. Figure 4.2-22 provides a cross-section of the
area showing general relationships between the following units. Unit A is the lowest
Ringold unit, overlying the basalt throughout the area and probably pinching out to the
south against the Gable Mountain anticlinal structure. This unit consists of nearly 18 m
(60 ft) of fluvial sands and gravels. Above Unit A are 44 m (143 ft) of lacustrine muds
and overbank/paleosol deposits comprising the Lower Mud Sequence. In this area, a thin
(10 m [32 ft] thick) Unit B overlies the Lower Mud Sequence, and consists of alternating
layers of gravelly sand and overbank/paleosol muds. Above this is a 15-m (50-ft)
sequence of overbank/paleosol muds with occasional sand or gravel lenses. Unit C lies
above this mud, and contains 35 m (1.13 ft) of fluvial sand and gravel. Another unnamed
mud unit overlies Unit C, and consists of 34 m (110 ft) of paleosols and overbank
deposits. Unit E is the uppermost Ringold unit present in the 100 B/C Area, and ranges
from 14 to 40 m (45 to 130 ft) thick. Variations in thickness are due to erosion before or
during cataclysmic flooding and the possibility that Units B or C have been incorporated in
places where the separating mud is not present. :

Overlying Ringold Formation Unit E throughout the 100 B/C Area is the Pasco Gravel
facies of the Hanford formation. The thickness of the Hanford formation ranges from 15 to
30 m (50 to 100 ft), with the thinnest area occurring near the Columbia River. The upper-
most half of the unit is often a boulder gravel. Recent river deposits are extensive in the
northwestern part of the site, with overbank deposits found in abandoned or intermittently
active channels. Windblown sands form a thin, discontinuous blanket over much of the
area. The water table in the 100 B/C Area is found within the lower portions of the
Hanford formation.

100 D Area. The top of basalt in the 100 D Area is approximately 125 m (410 ft)
below ground. No boreholes penetrate the entire suprabasalt sequence, and the
stratigraphic thicknesses are based on the geology of the 100 N and 100 H areas. The
information below is from Lindsey and Jaeger (1993), who have recently described the
geology of this area. Figures 4.2-23 and 4.2-24 show cross sections of the northern
portion of the Hanford Site including both 100 D and 100 H areas. Up to 30 m (100 ft) of
Lower Mud Sequence muds and sands are thought to be present above the basalt. Over-
lying the Lower Mud Sequence are 61 m (200 ft) of fine-grained overbank/paleosol
sediments. Erosion before and possibly during cataclysmic flooding has eroded much of
the uppermost Ringold sediments in the 100 D Area, leaving gravel and sand of the Ringold
Unit E only in the southern and western portions of the area. In the northern and
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eastern portions, the Hanford formation rests directly on the overbank/paleosol sediments.
Throughout the area, the Hanford Formation consists of the sand-dominated and Pasco
Gravels facies. The upper half of the Hanford is characterized by the alternation of these
two facies, while the lower half consists of the Pasco Gravels facies.

Immediately adjacent to the Columbia River are localized recent river deposits. In some
areas, overbank deposits can also be found filling abandoned or intermittently active river
channels. Windblown sand forms a thin, discontinuous layer across the 100 D Area. In
some areas the Hanford formation has been excavated, and the area filled with backfill
consists primarily of power-plant fly ash. Near the 100 D Ponds, all (20 m) 65 ft of the
Hanford formation has been removed and partially replaced by backfill. The water table in
the 100 D Area lies in the near the Ringold/Hanford contact, but is generally within the
gravels and sands of Ringold Unit E.

100 F Area. In the vicinity of the 100 F Area, the top of basalt is approximately 107 m
(350 ft) below ground surface. Overlying this is approximately 30 m (100 ft) of fine-
grained mud and sand of the Ringold Lower Mud Sequence. A cross section through the
100 F Area is provided in Figure 4.2-25. Roughly 20 m (65 ft) of gravel and sand
comprising Ringold Unit B overlie the Lower Mud Sequence, followed by 61-70 m (200-
230 ft) of mud and sand forming a sequence of paleosols and overbank deposits (Lindsey
1992). There are no gravels corresponding to Ringold Units A or E in the 100 F Area.

.Overlying the Ringold is approximately 9 m (30 ft) of Hanford Formation sediments
dominated by granule- to cobble-gravel. Recent river deposits can be found immediately
adjacent to the river. Eolian deposits are relatively common in the vicinity of the
100 F Area, forming sand dunes in places. The water table lies within the uppermost
portion of the Ringold overbank/paleosol sequence in this area.

100 H Area. The top of basalt in the 100 H Area is approximately 93 m (305 ft) below
ground. Lindsey and Jaeger (1993) have recently described the geology of this area, and
much of the following information is from their report. See Figures 4.2-23 through 4.2-24
for cross sections showing the general relationship of the geologic units in this area.
Overlying the basalt in this area is 26-30 m (85-100 ft) of Ringold Lower Mud Sequence
mud, which is overlain by up to 23 m (75 ft) of overbank/paleosol muds containing sandy
interbeds thought to correlate to Ringold Unit B Above these sandier sediments is another
30-38 m (100-125 ft) thick sequence of mud-rich overbank/paleosol sediments which form
the top of the Ringold in the 100 H Area.

The Hanford formation in the 100 H Area consists of Pasco Gravels facies sediments,
ranging from 10 to 19 m (32 to 63 ft) thick. Near the Columbia River and in abandoned
and intermittently active channels occur river and overbank deposits. In addition, a thin
layer of windblown sand covers much of the area. Backfill is also present in varying
amounts, with most located in the vicinity of large construction sites. The water table in
the 100 H Area occurs in the lower portion of the Hanford formation.
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100 K Area. Lindberg (1993b) discusses the geology of this area in detail, and most of
the following information is from that report. Figure 4.2-26 shows a cross section of this
area. Depth to basalt in the 100 K Area is approximately 162 m (530 ft). Only one )
borehole penetrated all of the suprabasalt sediments, and the thicknesses of the lower
Ringold units are consequently based on that one borehole. Lying atop the basalt is 7 m
(23 ft) of fluvial gravel and sand of Ringold Unit A. Approximately 32 m {105 ft) of Lower
Mud Sequence muds and occasional sand overlie Unit A. In the 100 K Area, the overlying
Unit B is 27 m (90 ft) thick and consists of mostly sand. Overlying Unit Bis 31 m (103 ft)
of overbank/paleosol mud, followed by 3 m (10 ft) of gravel and 29 m (95 ft) of overbank/
paleosol mud in ascending order. This uppermost Ringold mud is overlain by Ringold
Unit E, which is 19-41 m (64-136 ft) thick, depending on the amount of erosion on its
surface.

Thickness of the Hanford Formation ranges from O to 40 m (O to 130 ft) thick, thinning
near the Columbia River (Lindberg 1993b) and thickest on the southeast side of the
100 K Area. Hanford Formation sediments are represented by the Pasco Gravels facies,
with occasional sand-dominated lenses occurring locally. Boulders are common in the
upper 6-15 m (20-50 ft).

Recent river and overbank deposits can be found near the Columbia River. Eolian

- deposits are very thin and discontinuous. Excavations for construction projects in the

100 K Area have been backfilled with local sediments, usually Hanford formation or
Ringold Unit E material. The water table in this area occurs within the Ringold Unit E.

100 N Area. The top of basalt is approximately 125 m (410 ft) in depth in the
100 N Area. Hartman and Lindsey (1993) has described the hydrogeology of this area;
much of the following information is from that report. A cross section is provided in
Figure 4.2-27. Ringold Unit A overlies the basalt, forming a 4-8 m (12-25) ft thick layer of
fluvial sand and gravel which pinches out to the north. The Lower Mud Sequence is
approximately 30 m (100 ft) thick and is overlain by Unit B, which consists of approxi-
mately 21 m (70 ft) of mostly sand with minor gravel. Unit B is overlain by almost 4