
. . - . -

.-.

.,

NUREG/CR-5107

Hydrogeologic Characterization ;

of Basalts ;

.

I

;

i

The Northern Rim of the Columbia Plateau Physiographic
Province and of the Creston Study Area, Eastern Washington

+ ,

i

'

.

||Prepared by T.D. Steele, J.A. Paschis, R.A. Koenig

, ,

in-Situ, Inc.

:
,.,

i

Prepared for i<

!U.S. Nuclear Regulatory
Commission

i
:

;.

i
''

'

i
!

t

'

884 38!n soo 32
CR-5107 R PDR (

,

_ ,. . _ _ _ . . . . . . _ , . . - ..-,----_..-__,_-,_.-.m.-- -_.._. . __- _ . . . - . - > - - - . _ . - _ _ - . . . . _-



e , .

. , s

NOTICE

This report was prepared as an account of work sponsered by an agency of the United States
Government. Neither the United States Government nor any agency thereof, or any of their
employees, makes any warranty, expressed or impliet o' assumes any legal liabihty of re.
sponsibility for any third party's use, or the resul% of such use, of any information, apparatus,
product or process disclosed in this report, or represents that its use by such third party would
not infringe privately owned rights.

NOTICE

Availability of Reference Materials Cited in NRC Publications

Most documents cited in NRC publications wi'l be available from one of the following sources:

1. The NRC Public Document Room,1717 H Street, N.W.
Washington, DC 20555

2. The Superinter. dent of Documents. U.S. Government Printing Of hce, Post Of fice Go= 37082,
Washington, DC 20013 7082

3. The National Technical Information Service, Springfield, VA 22161

Although the hsting tM foflows represents the majority of documents cited in NRC pubbcations.
it is not intended to be exhaustive.

Referenced documents available for inspection and copyin!, for a fee from the NRC Public Docu
ment Room includ NRC correspondence and internal NHC memoranda; NRC Office of Inspection
and Enforcement bulletins, circulars, information notices, inspection and investigation notices.
Licensee Event Reports; vendor reports and correspondence; Commission papers, and apphcant and
licensee documents and correspondence,

The following documents in the NUREG series are available for purchase from the GPO Sales
Proc *am; formal NRC staff and contractor reports, NRC sponsored conference proceedings, and
NRC booklets and brochures. Also available are Regulatory Guides NRC regulations in the Code of
f ederal Regulations, and Nuclear Regalatory Commission issuances.

Documents available from the National Technical information Service incluoe NUREG senes
reports and technical reports prepared by other federal agencies and reports prepared by the Atomic
Energy Commission, forerunner agency to the Nuclear Regulatory Commiston.

Documents available from public and special technical hbraries include all open hterature items.
such as book s, journal and periodical articles, and transactions. federal Regater notices, federal and
state legislation, and congressional reports can usually be obtained from these libraries

Docurr'ents such as theses, dissertations, foreign reports and translations, and non NRC conference
proceedings are available for purchase from the organization sponsoring the pubhcation cited

Single copies of NRC draft reports are available free, to the extent of supply, upon written
request to the Division of Information Support Services, Distribution Section, U.S. Nuclear
Regulatory Commission, Washington, DC 20555.

Copies of industry codes and standards used in a substantive manner in the NRC regulatory process
are maintained at the NRC Library, 7920 Norfolk Avenue, Bethesda, Maryland, and are avadab!e

there for reference use by the pubhc. Codes and standards are usually copyrighted and may be |
purchased from the originating organization or, if they are American National Standards, f rom the j
American National Standards institute,1430 Broadway, New York, NY 10018 j

i

- - - , -- - .- - - . -



NUREG/CR-5107
RW

__ _ _ _ n :_ _ _ __ _ . . __ _ ..._ _:

Hydrogeologic Characterization
of Basalts

The Northern Rim of the Columbia Plateau Physiographic
Province and of the CreSton Study Area, Eastern Washington

- _ _ - _ - _ _ - . _ - - . - _ _ _ - - - . . . - - _ . -_ ___.- -___-_ L -_ - -_._-
^

Manuscript Completed: December 1987
Date Published: March 1988

Prepared by
T.D. Steele, J. A. Paschis, R. A. Koenig

*

in Situ, Inc.
210 South Third Street
P.O. Box i
Laramie, WY 82070

Prepared for
Division of Engineering
Office of Nuclear Regulatory Research
U.S. Nuclear Regulatory Commission
Wcshington, DC 20555
NRC FIN D1163



,

j

:

iABSTRACT

This report provides a general but comprehensive characterization of
hydrogeologic and hydrogeochemical baseline conditions for the Ctaston
area located along the northern rim of the Columbia Plateau physio-
graphic province. Historical as well as recent data and other available
information from previous studies and alternative sources have been ;

considered in this baseline hydrological characterizatior,. These
,

include data and information on vater levels, aquifer characteristics,
and water quality for shallov basalt units coaprising the Vanapum
Formation and the Grande Ronde Formation in the Creston study area and
for the general region surrounding this study area. The overall goal of

'

this hydrologic characterization was to provide useful information
leading to the selection of the Roza Member of the "enapum Formation as
the study's basalt horizon and for other related, subsequent study
components of In-Situ's research project. .
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EXECUTIVE SUMMARY
i

The purpose of contract NRC-04-85-ll4 is to assist the Vaste Management ;

Branch of the U.S. Nuclear Regulatory Commission (NRC) in preparing ,

site-reviev guidelines for planned repositories. of high-level radioac- !

tive vaste in saturated fractured geologic media. This report provides
a general characterization of hydrogeologic and hydrogeochemical |

baseline conditions for the Creston study area, selected by the NRC for'

; subsequent geologic and aquifer characterizations accomplished through
' various wellfield testing methods by In-Situ Inc. These results vill

contribute to a comparative study of models serving to guide investi-
gators considering comparable fractured geologic media, specifically
addressing predictive length scales, travel times, and directions of
contaminant transport from a proposed hypothetical repository site. ;

Historical data and information from a variety of sources are available
on vater levels, aquifer characteristics, and vater-quality conditions
for shallow basalt units comprising the Vanapum Formation and the Grande i

Ronde Formation for the Creston study area as well as the general region i

surrounding this study area. To supplement this baseline hydrologic [
information, two test NX-size boreholes vere drilled and cored through
the entire Vanapum Formation and into the upper interval of the Grande
Ronde Formation in the study area. These boreholes were geophysically
logged, and straddle-packer slug tests were performed at short intervals>

throughout the depth of the Roza Member of the Vanapum Formation. Based
upon historical as well as these recently-collected data, the Roza
Member was selected as the study's target horizon. Finally, a research
wellfield for basalt-unit testing and for monitoring conditions, primar-
fly in the Roza Member, was designed. Thece field investigations are to '

d

' be integrated into other theoretical-aspect study components and com-
puter-modeling analyses included as part of the overall project.
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l. INTRODUCTION

1.1 Background

In 1985, In-Situ Inc. vas avarded Nuclear Regulatory Commission (NRC)
Contract NRC-04-85-ll4, entitled "Flov of Groundvater and Transport of
Contaminants through Saturated Fractured Geologic Media from High-Level
Radioactive Vaste." The overall contract objective as presented in the
Request for Proposal (RFP No. RS-RES-85-ll4) indicated that the work to
be provided to NRC should establish a sound basis, both theoretical and
practical, for NRC commitments: (1) to provide pre-licensing guidance to
the U.S. Department of Energy (DOE) in technical areas related to hydro-
geology, and (2) to evaluate the technical content of DOE's documents
leading to licensing decisions about high-level vaste (HLV) disposal in
a saturated fractured geologic medium.

As a result of recent recommendations by DOE on five candidate sites
(three salt, one velded tuff, and one basalt medium), it was concluded
by NRC that the proposed vork should be conducted on a saturated basalt
medium to serve their best interests. In-Situ Inc. had located a basalt
test site near the town of Creston, Lincoln County, Vashington, which
had an existing data base for some hydrogeologic and hydrogeochemical
characteristics. Some important features of the selected Creston study
area aret

o Representation of Vanapum Formation and Grande Ronde Forma-
tion basalts at relatively shallov depths (land surface to
100s of feet belov land surface),

o Availability of an existing shallow monitoring-vell network
for a pover-plant siting feasibility study, as well as
historical records (vater levels, vater-quality data, and
selected aquifer testing results) for nearby irrigation and
vater-supply vells,

o An abundance of areal and cite-specific hydrogeologic and
hydrogeochemical data for the northern part of the Columbia
Basalt Plateau.

o Possible existence of discrete hydraulic features, such as a
potential fault conduit, and the presence of heterogeneous
and anisotropic media at the Creston study site.

o Up to 15 years of vater-level monitoring data for several
vells in the general study area.

After successful negotiation vith the Vashington Vater Power Company and
the State of Vashington, the Creston study area was made available to
In-Situ Inc. for a project duration of at least five years. As part of

the overall study plan, a series of multi-vell pumping tests and tracer
tests vere proposed to study the hydraulic controls (including fracture
distribution) of the Roza Member of the Vanapum Formation basalts and

3



the scaling effect of hydraulic conductivity, disper'sion coefficient,
and effective porosity. Various methods vere examined and used in the
data analysi?. Also, continuum models are being studied and compared to
developed discrete-fracture models. In-Situ is investigating, experi-
mentally and theoretically, methods to calibrate models, depicting the
process of fractured-media flov based upon site-specific aquifer charac-
terization studies, including pumping tests, geophysical logging, radio-
genic dating, drill-core evaluation, and non-radioactive tracer tests.

1.2 Purpose and Scope

The purpose of this interim report is to provide a general but compre-
hensive characterization of hydrogeologic and hydrogeochemical condi-
tions for the Creston study area and for the general region along the
northern rim of the Columbia Plateau physiographic province. The avail-
able literature was found to be extensive. Data from numerous sources
vere inventoried and are summarized in this report. Only minimal
interpretation of the data can be provided at this time (June 1987).
Nonetheless, the overall goal of this hydrologic characterization is to
provide useful information for other related, subsequent study com-
ponents outlined in In-Situ's (1985) technical study plan.

This characterization provides the background for site-specific testing
of the basalt formations present at the study site. A research vell-
field vas designed, as described in Chapter 5, to support this field
testing. The vellfield design was implemented with modifications, ten
vells were drilled as shovn in Fig. 5.1, and field testing is under way.

1.3 Study-Area Description

The study area is located about 60 miles vest of Spokane, south of U.S.
2 near Creston, Vashington (Fig. 1.1). The specific area for potential
field study encompassed (1) a land parcel of approximately eight sec-
tions ovned by the Vashington Vater Power Company and located between
one and five miles south of the town of Creston in Lincoln County, and
(2) a state-ovned section (Section 16) located about six miles south of
Creston and generally southvest of the Vashington Vater Power Company
parcel. The area is generally delineated by Range 3'4 East (R.34E) and
by the lover half of Township 26 North (T.26N) and the upper half of
Township 25 North (T.25N) in Lincoln County, Vashington (Fig. 1.2).
Field investigations completed, in progress, and planned by In-Situ
involve primarily the State of Vashington section (Section 16) in this
specific study area. Adjacent areas within a six- to eight-mile radius
have been considered for detailed inventorying of vell records, associ-
ated vater-quality data, and relevant hydrogeologic baseline character-
ization. Because of the existence and relevance of regional studies
dealing with the Columbia Basalt Plateau, aspects of those studies
(generally involving the northetn part of this region) were evaluated
and results selectively summarized for this report. For purposes of

'

inventorying existing vell logs in the general area of interest, a
!region 30 miles in an east-vest direction (Ranges 32 through 36 East) by

i 18 miles in a north-south direction (Townships 24 through 26 North) vas
considered.

4
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2. REGIONAL HYDROGE0 LOGIC CHARACTERIZATION

Relevant information and data have been compiled from a variety of

sources dealing with the following aspects of the general region en-
compassing the northern part of the Columbia Plateau physiographic
province as well as the Creston study area:

o geology
o hydrology
o vater quality
o geophysical logs and drill core
o isotopic dating of water

The results of a number of reconnaissance surveys of the area and model-
interpretive and data studies were available for this characterization.
Sources of data and information are identified throughout and in the
References; a list of contacts for this characterization is given in
Appendix Table A.l. One primary goal of this review of data and infor-
mation sources was to identify conflicting or inconsistent descriptions
and relevant data needed to characterize the hydrologic conditions of
the Creston study area and of the general region.

2.1 Areal Studies - An Overviev

A number of reference sources in the literature address the aspects of
the study area and region that provide a general hydrogeologic and hy-
drogeochemical characterization. Selected results which contribute to
this characterization are discussed in the following sections.

2.1.1 Geologic Studies

Regional geologic studies have documented the structural, tectonic, and
stratigraphic history of this region of the Columbia Basalt Plateau.
Primary investigations and ongoing stud'ies have been performed by the
U.S. Geological Survey (USGS) characterizing the Columbia River Basalt
Group formations (Bingham and Grolier, 1966; Grolier and Bingham, 1971;
Bauer and others, 1985; Svanson, 1967; Svanson and Vright, 1978a, 1978b;
Svanson and others, 1979a, 1979b, 1979c, 1979d; Drost and Vhiteman,

1986). State of Vashington studies of the geologic' area include those
of Macklin (1961), Silar (1969), Hooper (1982), Olson (1984), and

Vildrick (1985). Other useful references include studies reported by
Spencer (1963), Huber (1975), Short and others (1976), and Sheriff
(1984).

Geologic History. The Columbia Plateau physit aphic province is shovn
in relation to other vestern U.S. provinces i t, tig. 2.1. Volcanic dep-
osition occurred during much of the Cenozoic E.a (beginning 60 million

years ago). Basaltic and andesitic eruptions are vell documented in the
Paleogene Period (beginning 30 million years ago). Deposition vas on an

7
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irregular surface of much older crystalline rocks whose pre-basalt
relief may have been about 3,000 feet (ft) (Svanson and others, 1979b).
The lavas covered about 100,000 square miles (mi2) of the province with
an estimated 35,000 cubic miles (mi') of rock (Spenc'er, 1963), as out-
lined in Fig. 2.1. Subsequent asymmetric depression of this province
was due to tectonic changes rather than lithostatic depression or magma
chamber collapse (Svanson and others, 1979b; Hooper, 1982). The
numerous basaltic flows aggregate a thickness in excess of 10,500 ft
near the central part of the basin (Raymond and Tillson, 1968).

The source of the lava extrusions was differentiated mantle magma
(Hooper, 1982). These tholettic lavas tapped deep crustal fractures in
the eastern part of Vashington and in vestern Idaho. The basalt erupted
on the surface in individual flows as thick as several hundred feet.
Due to their lov viscosity, individual flovs persisted laterally over
large distances and progressively accumulated to thicknesses controlled
by basin geometry and subsidence.

During periods of m&gmatic quiescence, limited deposition of siltstones,
mudstones, and tuffaceous rocks occurred (less than 30 ft thick, accord-
ing to Svanson and others, 1979b). These deposits contain dated fossils
which corroborate radiogenic dates for the basalts at 6 to 16.5 million
years before the present or Miocene (Svanson and others, 1979b).

Over the period of Miocene Age vulcanism, magnetic polar variations and
reversals imprin:ed variour paleomagnetic polarity in the magnetite of
the basalts (Svanson and others, 1979b; Hooper, 1982; Sheriff, 1984).
Svanson a-d others (1979b) also noted the flovs can be characterized by
distinctive chemistry. Because of the lithologic similarity throughout
the stratigraphic section, these two characteristics are important in
identification and correlation of individual basalt flows.

During the Pleistocene Epoch (1 million years ago), the area north of
the Columbia Plateau physiographic province was covered by continental
glaciers. As this glaciation retreated, its previous perimeter
generated localized moraines which acted as dams forming glacial lakes.
The lakes breached their morainal dams of unconsolidated till and
generated the Columbia River gorge and coulee-scabland physiography
(Silar, 1969; Short and others, 1976; Baker, 1981). Prehistoric Lake
Missoula breached its confines and the creston study area was inundated
and eroded by the Spokane Flood (USGS, 1973). Follo'ving these glacial

events of 10,000 years ago, the northern part of the Columbia Plateau
received redistributed loess. More specifically, parts of the Creston
study area are covered by loess and coarser glaciofluvial sediments.

Stratigraphy. The basalts of the Columbia Plateau are large in volume
(50,000 mi)), areal extent (approximately 80,000 mi2), and number of
individual flows (in excess of 107), and are complex in chemistry and
magnetic polarity (Hooper, 1982). Lesser volumes of discontinuous
sedimentary interbeds also are present. Erosion of unknown thicknesses
of basalt also occurred during non-deposition of these units during the
Miocene Age.

9
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Formation Character -- A summary (Hooper, 1982) of numerous geological
studies of the stratigraphic record of the Columbia River Basalt Group
is shown in Fig. 2.2. The Creston study area is believed to have Grande
Ronde Formation basalt at depth vith a possible local separation by the
sedimentary Vantage Member of the Ellensburg Formation. Overlying these
lithologies are the Vanapum Formation basalts. The Roza Member is
exposed ten miles south and five miles north of the study area (Svar. son,
1979a). The Priest Rapids Member is the outcropping, partly eroded
basalt at the study area. The Frenchman Springs and Eckler Mountain
Members have not been mapped in the Creston vicinity by Svanson and
others (1979a).

Imnaha basalt flovs are generally confined to the eastern part of the
Columbia Plateau filling topographic lovs on the basement rocks. Hooper
(1982) concluded that 20 to 25 eruptions occurred over a 500,000-year
period. This represents an a',erage of 20,000 years between volcanic
eruptions. He also concluded that magnetic polarity was normal. The
Grande Ronde Formation basalt eruptions occurred next'over a 2,000,000-
year span, generating over 60 voluminous flovs (Hooper, 1982). This
formation accounts for 85 percent of the Group (Hearn and others, 1985).

NfUlO EEUsr r,atien m.e. r
Love r rienume nt a l N 6 ry

Ice Harbor N.P 4 ry

Buford Rg
o S a d.11 e Elephant Mountain N.T
U Peacna P 12 ry

g Es7asteel N
,,

E. Basalt Weissenfels Padge Ne

Asetin N

Walbur Creek N

" * Umatilla N 13.5 Py

E Friest herids R,

e chpan SprAngs

j y Eckler PLauntain - N, 14.5 ry _ _ _8"'

Paa$t 8o
O R

$ f* ,I. a - N

- P 16.5 ry__
,,_

Innaba N,

Basalt 17.0 ry

P

Fig. 2.2. Columbia River Basalt Group, magnetic' polarity and
age (from Peter R. Hooper, "The Columbia River Basalts,"
Science, v. 215, 19 March 1982, p. 1464, copyright 1982 by the
AAAS). The Saddle Mountains, Frenchman springs, and Eckler
Mountain units are not present in the Study Area. N - normal,
R - reversed. T - transitional magnetic polarity.
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An important cessation in vulcanism at 14.5 million years before present
(Hooper, 1982) resulted in significant venthering and local sedimentary
deposition and is represented by the Ellensburg Formation sedimentary
interbed rocks. The Vanapum Formation basalt eruptions marked renewed'

chemical and paleomagnetically variable vulcanism with 9 to 12 flovs ,

(Hooper, 1982). The basalt flov of the Roza Member of the Vanapum
Formation was very fluid and is estimated to have traveled three miles :

!per hour over its 200-mile extent, according to calculations by Hooper
(1982). Finally, the Saddle Mountain Formation basalt vulcanism
persisted longest but was least voluminous with its 10 flovs. These
flovs vere localized along structural and topographic lovs and projected

,

vesterly across the entire plateau, reaching the Facific Ocean.

The intensity of vulcanism over time in the Columbia Basin is shovn
diagrammatically in Fig. 2.3. The Vanapum Formation and Grande Ronde
Formation basalts are the principal extrusive rocks that underlie the
Creston study area. Older intrusive and metamorphic rocks are present
in the area.

Flov Detail -- Bauer and others (1985) describe the general megascopic
character of the basalt flows from bottom to top as basal colonnade,
entablature, and flov top (shown in Fig. 2,4). The basal colonnade
contains 20 percent of the flov and is characterized by vertical,

repetitive jointing and discontinuous, horizontal' jointing. The ;

entablature comprises about 70 percent of the flov volume and is !
characterized by diversely oriented, fan-shaped arcuate joints with
vesicular parts near the top (Bauer and others, 1985). The flow top or
interflov is vesicular basalt and clinker, which account for about 10
percent of the flov volume and provide the most permeable zone. The
preferential vater movement in the vesicular flov tops and interbeds

j vould be horizontal, whereas vertical novement of lesser volume is
expected in the entablature and colonnade.

Structural Geology. The Columbia River basalts vere erupted at a time
coincident with Cascadian andesitic vulcanism to the vest and rising,

Idaho Batholith to the east. Hooper (1982) surmised that the Columbia
i Basin was also subjected to north-south compression forming east-vest

folds and extensive tensional fissures which conveyed the basaltic magma>

to the basin surface as shown in Fig. 2.5

1

Regional Features -- In addition to the relief on the pre-basalt
| crystalline basement rocks Svanson and others (1979b) determined that

the Columbia Basin in southeast Vashington had a paleoslope down to the
i

vest. This conclusion is supported by deposition of the ancestral
| Columbia River to the vest in the Venatchee area (mapped as the Vantage
! Hember of the Ellensburg Formation). Additionally, the thickening of

the major basalt flov is toward the vest. Although flovs emanated in
eastern Vashington, many of the eajor flows covered the southern part of
the state and reached the Facific Ocean. The deepest knovn part of the i

"

Columbia Basin and, coincidentally, the thickest baralt section is near ,

Fasco, Vashington, approximately 100 miles soutl-southwest of the ,

Creston study area. A borehole drilled on behalf of the Atomic Energy ;
'

a
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.

Commission (AEC) near Pasco reached 10,455 feet, terminating in basalt !'

) (Raymond and Tillson, 1968).
i
: Geologic data on the thickness and configuration of the basalts in the

] Creston study area are very limited. Creston Butte, a hill located in |
T.26N, R.34E, Section 21, with 300 feet of relief, is about a mile vest j

q of the northwest corner of the study area. It is composed of older
j Hesozoic- to Paleozoic-age quartzites surrounded by younger Miocene-age :

basalts. About 7% miles south, the Dreger observation vell in T.25N,4

i R.34E, Section 29, penetrates 1,225 feet of basalt from a drill site 200 !

feet lover (Olson, 1984). Therefore, along the vestern side of the
study area, the paleoslope on the pre-basalt basement rocks could sxceed

* 180 feet per mile to the south.
;

. Fig. 2.6 shows a generalized geologic cross-section extending from the !
* Columbia River across the Creston study area and continuing southwest .

through the Pasco Basin. Preliminary structural contours on the top of |
, the Grande Ronde basalt beneath Creston have gradients of approximately !,

1 20 feet per mile to the southvest. Bauer and others (1985) generalized ;

i that regional dips in the northwest area of the Columbia Plateau (in- !

| cluding the study area) are less than 5 degrees to the southvest and the
; folding is broad and gentle. Reconnaissance mapping by Svanson and
j others (1979b) shovs a series of folds in the basalt exist about 15
|

miles vest, trending toward the study area.
I

4

; Study-Area Photolineaments -- Fig. 2.7 shows the Creston study area
outlined on a vertical aerial photograph and the location of a U-2
photolineament trending north 25 degrees east documented by Vildrick
(1985). Using vertical, black and white stereo aerial photographs at a i

; scale of 1" 0.8 mile, a total of 143 site and peripheral lineaments ;
i vere mapped and plotted according to decreasing reliability from 1 to 3: ;

!
'

! 1. all adjacent rocks are cut in high-relief e'xposures (these !

! vould be most likely to persist in depth) -- 6 noted: ,

! r

I 2. surface-rock fractures with projection dovnvard indetermin- i

! ate -- 77 noted:
i

! 3. linear fracture in alluvium which might be controlled by a |

| fracture in bedrock -- 60 noted, l

After plotting the first two groups, the third group vas plotted and
1 found reasonably coincidental vith trends g::nerated by photo-observed

|
i rock fractures. A polar plot of these photolineaments is shovn in Fig. ,

) 2.8. Preliminary conclusions are as follovst i

|i
J 1. vide scatter in lineaments exists bearing 015' through 125' ,

I from north (000'); ;

i |

j 2. three strong lineament trends bear 020', 090', and 110'; |

|,

I 3. vithin the study area, the 020' trend appears most often, ,

j closely agreeing with the U-2 photolineament and possibly
:
I
! 14
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indicating an en-echelon fracture sets the presence of
alluvium and agricultural land use substantially reduce
confidence on this inference in the study area; and

4. prominent peripheral photolineaments about the study area
appear not to project toward the study area.

2.1.2 Hydrologic Studies

Data on climatology (areal precipitation patterns) and regional water-
balance analyses vere included in a comprehensive study by Silar (1969).
For the specific study site, mean annual precipitation is approximately
13 inches (Vildrick, 1982). Annually, potential evapotranspiration (ET)
rates, which are estimated to range from 20 to 25 inches in the study
area (Tera Corporation, 1983a), exceed this hydrologic input; however,
precipitation provides recharge to the underlying groundvater system
seasonally during lov ET demands.

Agricultural irrigation through groundvater pumping has increased over
past decades in many areas along the northern rim of the Columbia Basalt
Plateau. In association with the regionally complex geology and eroded
surficial topography, flovs in stream channels are highly irregular both
temporally and spatially. Streamflov gains often are associated with
discharge of springst corresponding losses of flovs may be associated
with streams crossing over major zones of hydraulic conductivity in the
underlying basalts or sedimentary interbeds.

Comprehensive hydrologic investigations have focused on characterizing
regional groundvater systems (Newcomb, 1959, 1969 Bauer and others,
1985). More localized studies have concentrated on the Columbia Basin
Project area (Valters and Grolier, 1960 Tanaka and others, 1974) and
the Odessa-Lind area (Garrett, 1968: Luzier and others, 1968; Luzier and
Burt, 1974; Luzier and Skrivan, 1975; Cline, 1984). More recent site-
specific studies of the local area south of Creston vere completed for
the Vashington Vater Pover Company by Tera Corporation (1980, 1981,
1983a, 1983b) for its proposed coal-fired power plant (Vashington Vater
Power Company, 1981a, 1981b).

2.1.3 Vater-Quality Studies

Determining vater-quality conditions in basalts of the region aids in
delineating vater origin (s), source (s) of recharge, and residence time

(see also Sections 2.1.5 and 2.6). Certain vater-quality characteris-
ties may impact selected beneficial uses of the vater resources of the
region. Regional studies summarizing vater-quality conditions in the
various basalts of the Columbia River Basalt Group include those by
Silar (1969), Nevcomb (1972), Hearn and others (1965), and Bortleson and
Cox (1986). Theoretical studies of minerals solubility and reaction
kinetics in basalt media have been reported by Deutsch and others (1981,
1982).

Major inorganic chemical concentrations in basalt aquifers of the region
depict generally lov dissolved solids and ionic compositional shifts in

18



a dovnvard gradient from calcium-bicarbonate to sodium-bicarbonate to

sodium-chloride or sodium-sulfate types. Areal profiles of sodium
concentrations are given by Hearn and others (1985). A Piper diagram

j summarizing major-lon composition for approximately 10,0 samples collect-
ed from vells located in the northern Columbia Basalt Plateau is given
in Silar (1969, Fig. 9).

B: sed on more than 500 samples for chemical analyses reported by Newcomb
(1972), the average dissolved-solids concentration in groundvater native
to the Columbia River basalt was about 275 ng/L, vith calcium, sodium,
bicarbonate, and silica present as the principal chemical constituents.
The dissolved-solids concentrations commonly ranged from less than 200
mg/L to as much as 200 mg/L. According to Nevcomb (1972, p. 41), "the
origin of the dissolved material appears to lie primarily in the history
of the vater during its descent to the basalt and secondarily to the
solution and exsolution of ions within the basalt."

2.1.4 Geophysical Logs and Drill Core

The Geohydrology Section of the Vashington State University (VSU)
College of Engineering has conducted and reported on numerous investi-
gations involving the application of geophysical logging techniques to
the basalt formations of the Columbia Basalt Plateau-(Crosby and Ander-
son, 1971; Anderson and others, 1973: Crosby, 1973 Crosby and others,
1972, 1974, 1977: Siems and others, 1974; Summers and others, 1975a,
1975bt Poeter and Crosby, 1977). Until this study, drill core in
basalts of the study area and adjacent region have been lacking, based
upon information gathered for VSU. Professor Eilene J. Poeter, while
affiliated with VSU (personal communication, January 31, 1986), reported
that basalt drill core was obtained from a vell drilled near the City of
Cheney, located about 10 miles southwest of Spokane and east-southeast
of the study area (Fig. 1.1). Selected parts of these drill core vere
examined and displayed interesting relationships between the basalt and
the sedimentary interbed contact as well as being good lithologic exam-
ples. The repository of this drill core is the Geology Department of
Eastern Vashington University in Cheney. Other drill core for basalts -

of the region undoubtedly is available for vells in the Pasco Basin in
the Hanford Reservation. Rockvell International (Hanford Operations)
and Batelle Pacific Northwest Laboratories in Richland have been .'

contacted regarding this information to assess possible relevance to
basalts in the Creston study area to the north of the Henford site I

(Appendix Table A.1).
'

2.1.5 Isotopic Dating Studies

A primary focus of the study by Silar (1969) vas dating of groundvater j
from 44 samples. Vater ages ranged from modern to over 16,000 years '

before present (B.P.); however, all but a fev samples indicated ages' between 0 and 6,000 years. Conclusions of this regional study vere:

I 1. Groundwater in the higher-elevation plateau areas is pre-
dominantly younger than 6,000 years B.P., i.e, post-glacial
(Post-Visconsin). Modern age is an exception, indicating the

.
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groundwater originated when the present topographic (land
surface) relief vas already in existence. It also indicates
a slov vater circulation below the plateau and relative
isolation from diverting surface recharge.

2. Ages of groundvater from vells in valleys range from modern
to 8,700 years, indicating a more intensive groundwater
circulation along depressions with probable drainage effects
on groundwater of the various aquifers and ages.

3. Variation in groundvater ages along the edges of valleys, on
valley slopes, and on surface elevations, with frequent
modern ages, indicates a relatively intensive groundvater
circulation pattern in the morphologically. dissected areas
and a direct hydraulic connection of aquifers with the land
surface.

4. Considerable variation of groundvater ages (excepting modern)
has been established in artesian vells with overflow, thus
indicating a slov vater accumulation pattern in aquifers
isolated from the surface.

5. No significant correlations between age and depth, or betveen
age and altitude of an aquifer, vere established.

Dating techniques for the above study used a procedure developed by
Crosby and Chatters (1965). Complications in dcting vaters residing in
volcanic-derived basalts are discussed by Chatters and others (1969).
Some regional isotropic data have been collected by the USGS throughout
the celumbia Basalt Plateau however, no interpretation of these data
yet has been made.

2.1.6 Pending Relevant Studies

Several ongoing and pending studies vill be useful to the overall study
effort, although formally documented results are not yet available.

The Tacoma office of the USGS's Vater Resources Division cutrently is
involved in a regional aquifer systems analysis (RASA) of the Columbia
Basalt Plateau. A generalized digital computer model of this regional
aquifer system is in development. Boundary conditions and aquifer
characteristics of the basalt aquifers are in the process of being
identified. USGS RASA reports completed to date include those by Bauer
and others (1985) Hearn and others (1985), Drost and Vhiteman (1986),
and Vhiteman (1986). According to J. J. Vaccaro, Project Chief of the
USGS RASA study, generalized aquifer characteristics are being used
rather than results from specific pumping tests because of the extreme
heterogen(ity of the basalt aquifers.

Professor E. J. Poeter, while affiliated with Vashington State Univet-
sity, indicated that development of a laboratory physical model to help
define the effects of fractures in basalts on vater movement is planned.
The proposed model involves full-acoustic vave forms. Later phases of
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|

I
!

i

!
this project (funded by Rockvell-Hanford) vill drav on relationships in i

i the field as indicated by drill core.
< ,

| 2.2 Location of Vells ;

i ,

Existing vater-supply vells vere inventoried for the study area (locally '

;

south of the Town of Creston) and for the general region (the northern'

'part of the Columbia Basalt Plateau). Sources for the inventory con-,

sisted of retrievals from the USGS System 2000 (CVSI) and VATSTORE files ;

i and manual searches through vell files of the State of Vashington
'

: Department of Ecology (DOE) office in Spokane. Information on vell
| location = vill be summarized in this section later sections vill

describe other data associated with these vells.

| 2.2.1 Study Area j
;

1- A total of 51 vell entries vere identified from site-specific vell- !
inventory searches. These consisted of 41 entries from the USGS System i

2000 (GVSI) file and 10 volls associated with the Tera Corporation '

(1983b) groundvater baseline study. The locations of these volls are
shovn on Fig. 2.9, and the entries are summarized in Table 2.1. Several i

of the USGS entries involve a multiple-completion vell consisting of six |
<

piezometers installed to evaluate the potentiometric head in multiple [4

aquifers of the basalts (01 son, 1984). Hence, the n. umber of distinct t<

vells actually totals 45. These study-area ve11s are bounded by an area j
12 miles in a north-south direction and 11 miles in an east-vest t

| direction (Fig. 2.9). The Tera Corporation vells installed for the t'
Creston Project study are clustered in about the middle of this area. !

: i

| The Department of Ecology operates a groundvater-monitoring program (
largely distinct from the USGS vater-level program (see Section 2.3). A !;

i total of 17 DOE monitoring vells (Fig. 2.10) vere identified for pur- ;
j poses of this characterization. All but six of the DOE vells vere t

I
i located within the study areal hovever, only six of the eleven DOE vells

vithin the study coincide with USGS monitoring vells (Figs. 2.9 and
2.10). The six DOE monitoring vells located adjacent to the study area

.

vere to the vest (Fig. 2.10). Descriptions of the DOE monitoring vells
are given in Table 2.2.

I i
j A local inventory by Tera Corporation (1980) involved 47 vells. This !

: inventory included the four P-series wells used for pumping tests (Table ;

1 2.1) as well as six other wells included in previous inventories, t

i Hence, 37 vells in this inventory appear to be distinct and exclusive of ;

) other source files (Table 2.2). !

2.2.2 Regional Vells I

i !
i As part of a regional study on geochemical controls on vater quality in ;

basalt aquifers of the Columbia Basalt Plateau, about 2500 vells in this
[region vere inventoried and 418 vells vere selected for sampling during !

j up to three surveys between the summers of 1982 and 1083 (Hearn and |
1 others, 1985). Of these vells, three are in the general study area !

;

I
j 21 !
1 :

! !
i
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TABLE 2.1

'4 INVEltTORY OF LOCAL STUDT-ARIA USGS AND TERA CORPORATION WEX.LS
>
cr
w

USGS f oonship/Ren ge Ceclogic Well Depth Wel l E le e t ion ISI Map*
433I litt fit MSL) #U Sta tion PD Latitude Longitude. Section ID Owner Description U<.it Code

w

4 74 t S9118360f 01 474154 118360S 2S/3341001 Rid ard Drepr 8 22 W4H 60 2280 223

474034138355005 25/33-12K05 W illiam F. Dre<pr 202 2241 3

25/34-02 Tera Corp <.ra t ion 140 2319 P4

474200198294403 2S/34-02 Col Merwin Houp 650 2357 39

474200118294402 23/34-02Q)l01 Mer.In floupr $50 2357 40

474130118293001 2S/34-02G01 Merwin Hau pr 122Clftt 320 2340 4

474128118293005 2S/34-02K05 Merwin Houger 122w444 220 23S2 1

2S/344)4K Tore Corpora t ion 122 FELT 165 2313.2 OWS

474010118332503 25/34-07Not Oreer 100 2276 S

2S/34 49 Tera Corporation 1228:1T IIT 2237.5 W2

474046118321701 25/34-OW OI Charles Mangis 122CtHV 23I 2243 6

474010188352501 2S/34-18002 W il li am Dreger 122.ri'M 200 227S 7

47395555834S701 2S/3 4-18F 01 Wlillem Drcyr 122CtHV 42 2200 8
rn
7

473847188333501 25/34-29 Col E d.a r d F . Dr epr 96 2273 9

~
473758118325201 2S/34-29J0lDI Washington D)E 1233 22tsS 29

o
%

IIo 4 73156 t l 8325202 2S/34-29J02 Washington 00E 122GDto 3306 2285 32

II47315811832S203 2S/34-29303 Washington OOE 122Gulo 943 2285 33

- _
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|

TABLE 2.1 '

|j INVENTORY OF IJ) CAL STUDY-ABEA tFSGS AarD TERA CORPORATION wtLLS Icontanned)
tr
w
* USGS Township / Range Geol ogic bell Depth Wel l E le va t lon ISI Map

f Station ID Latttude L on g l tuas 5.ction ID O-e.er Desca Ip t ion Unit Code 3I 19fl l e t M"A l # 43

I34F375911132S204 25 /3 4-29 J04 Washingtoa sX 122GOIO TIS 2285 34

334 73 7$6 41532520S 25/34-29JOS Washinjton LOE 122 mir# H 413 2285 35

4 7 3 736118 325 20f,I I 25/34-29JO6 Washlagton 00E 12 2' r4 N 319 2 23) 36a

4 73 75til l 8 32520 7 ' ' 25/34-29J07 Washington DUE 12 2 ="4 M 2S9 22BS 32

473818118343701 25/34- M 01 Richard Dreyr 5% 2 280 38

473W0ll8342508 25/34-30J01 Ed Drepr f 22WP8H 375 22r,6 IG

473600118333401 25/34-30J02 Richard C. Dreyr 122C04d 500 22SS IIy
v

473752185344301 25/34-3OKOI [d.ord F. Orepr 122m:4 M 2f,S 2250 12

473748118344201 25/34-3 % 02 Edward f , Orepr 122Cu(W 705 2147 13

473837118343101 2S/34-30K02DI R ichard 8. Orope 70S 2247 28

4741428tB23SSol 25/35-03E01 Wash. 5t fley S 122wisN 90 2345 14

23474342118235502 474142 IIB 23SS 25/35-0300101 Wash. St Hey S/ 122h r4 N 200 2345 22
Dick Scholl

" 28413913816261702 473913 1182620 25/35-20003 Victor Alt / 122MNO 410 22SO IS7

$ Everelt Lake
n

" 41370581823550s 25/35-21H05 stephens 122WiiH 100 2320 16
o
n

b

- _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
- - - . - - . . _. - . - - _ ._ ,
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taste 2.1

H
D IW7ENTORY or IDCAL STUDT-ABEA USGS AND TERA CORPORATION WELLS (cont ansed)
er
w
e

USGS Township /Renge Gaologic bell Ocpth Well Elevation ist Map
u

Statlee 3D Lalltude Longttude Sec t ion ID O.nor Description Uni t Code 38 litt f i t Mll a 48
,

474550158363601 26/33-32kol USAF l-H 122 Clot 294 2420 17

4 7 $508 88361802 Ju33-12M02 USAT 2-H 122CIHf 292 2428 18

4 7470S l l E *til 70 8 26/33-36 Pol Augus t Oropr 122d r4 N 350 2300 43

474553815310501 26/34-10t 01 Town of Cresten 74,6 2450 26

474544118311908 26/34-10408 1100'11 ?> 2440 19

4 74 S41816301t 01 2 & }4-30R08 Marq ue tte 80 2440 20

y 47 537518300108 26/3 4-IIN01 John Robinsca 2441 28

474523l10462901 26/34-15D01 Town of Creston 1220tHi 238 2400 22

4744S85:5381431 26/34-85FOI f own of Cres ton 122CIHW 455 2480 23

4 744 30 l l 8324t.,01 26/34-21D03 Gerald Krause 122WI444 235 2452 30

2t,/34-27 f or e Corpor a t ion 214.S 2370 Pt

26/34-27 Tere Corpore t ton 12201T Il9 2333.6 ces

26/34-27 Tere Corpora t ion 122BRI 180 2353.8 Ow3m
:r

2u34-34 Tera Corporation 142 274 P2

t.,

o 2t,/3 4-35 Tore Cor por a t ion 1220St.I 165 2347.7 owl

n

|
1

, . . . - . - -~ --- --- , ._
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TAsEE 2.1

IIFFEarTORT OF LOCAL STUWW-ADEA USGS AND TERA CompORATION WELLS (continued)~4
m
O'
ee
e
M
e
e

USGS Tounshipntenge Geologic Ince Depth toes t Eleme t les 150 seep
Statlee ID t.atitude Longttede Sec tion 3D Ouner Description Unit Codo3I (fti (ft pe5L) #48

26/34-M Tore Corporation 82285LT 83F 2370.8 cas4

47443381822 % 01 26/35-IS005 sem Scimilder 122tese99 206 2400 24

4744400t8230601 26/35-t5002 sem scheIder 530 2530 25

4F4S38488193301 27/34-35sLOI 8tobert Teyler 122tese94 265 2420 38

u
e 11 Multtple weepletten paesometers.

23 Also see Table 2.3.
36 951.T = Sasalt

CSRY = columbas River Besatt Group
GDRD * Grande Reade Basalt
WlPM = Maeapum Basalt.

4* See F4T- 2+9.

(n 1
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9 1

9 1
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Fig. 2.10. Locations of State of Washington Department of Ecology monitoring wells south and
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TABLE 2.2

INVENTORY oF WASHINGTON STATE DEPARTMENT OF ECOLOGT WATER-LEVEL MONITOAING WELLS

USGS Township / Range Geologic Well Depth Wel l E le va t ion Map
2 3I (tt) ( t t MSL ) Nos.4IStation IDII La t i tude Longitude Section ID * Owner Description Uni t Code

_

1

25/32-12JI Clarence Waper - 2300 A
|

25/33-05Cl Edward F. Dregor - -- B

25/33-12P Tiegs - - C

473800138432501 25/33-208 Robert Bauer 235 - 0

25/33-200 Wyborney -- -- E

25/33-27Al Ernes t Re t tkowsk i -- 2315 F

25/33-27A2 Ernest Rettkowski - 2320 G
m
co

474200ll8294401 25/344)2C01 Merwin Houger 610 2357 H(39)

|
'

474130l le"3001 25/34-02G01 Merwin Houger 122C8RV 320 2340 |(4)

474010118352508 25/34-07N01 Dregor 180 2276 J(5)

25/34-13GI Car | NoIson - 2275 K

4738471I8333501 25/34-29C01 Edward F. Dreger - 2230 L

25/34-29J Richard Droger -- 2285 M

473752118344301 25/34-30K03 Edward F. Dropr 122WrCM 265 2250 N(12)

473748118344201 25/34-30K02 Edward F. Dregor 122CORV 705 2247 C433)

26/33-36A WII flom Rosman - 2398 p

26/34-34G Nelson - 2288 g

19 See Table 2.1. 3) CBRV = Columbia River Basalt Group; WNPM = Wanapum Basalt.
26 Town sh a p t N )/R ange ( E )-Sect iert with subsection designation. 4) See Figs. 2.9, 2.10.
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,

(corresponding to earlier-designated wells), another three are located
near the study area several miles to the southwest, and other selected
wells are in the surrounding area (generally to the. south of the study
area). The locations of 21 regional vells included in the USGS recon-
naissance survey and considered in this study are shown in Fig. 2.11,
and general vell descriptions are given in Table 2.3.

In summary, data and relevant information from various sources are
available for 110 vells:

35 USGS System 2000 files for the study area (41 entries, less 6
for the multiple-completion cluster-piezometer Dreger well)

10 Tera Corporation (1983b) wells for the study area
37 non-coincidental vells from Tera Corporation (1983b) report
11 non-coincidental vells from DOE monitoring program
17 non-coincidental vells from USGS study

110 total mutually exclusive vells 4

In addition, copies of vell-drilling logs were obtained from DOE files
|

in Spokane for a broad region of the northern Columbia Basalt Plateau
covering an area 18 miles in a north-south direction -(Townships 24, 25,l

and 26 North) by 30 miles in an east-vest direction (Ranges 32 through
36 East), as generally shown in Fig. 2.10. Vells having drill logs on

file are indicated in Appendix Table A.2.

2.3 Vater Levels

Interpreting vater-level data from the Columbia Plateau region is made
difficult by the complex geologic structure, common vell-completion
practices, seasonal vater-level changes, and varied vater-level time
intervals. The open-hole vells prevalent in the region penetrate two or
more aquifers exhibiting different vater levels. In these cases, the
vellbore becomes a conduit for interaquifer flow, and the observed water
level in the well is a composite of potentiometric heads in the aquifers
penetrated. Fig. 2.12 illustrates the interaction that typically occurs
between aquifers in an open-hole vell. Nested piezometers (a set of
piezometers isolated by cement plugs in a single vell) have been
installed in at least four vells in the study area. This special
completion method allovs measureuent of the water lev,el in each aquifer
where a piezometer is installed (see Fig. 2.13). Brief reviews of
studies containing water-level data follow.

2.3.1 USGS Studies

Generalized water-level contours over the majority of the Columbia
Basalt Plateau vere reported by Luzier and others (1968) and Luzier and
Skrivan (1975). These contours, shown in Figs. 2.14 and 2.15, respec-

tively, are based on a blend of data from vells penetrating the basalts
at varying depths. A notable feature of this regional depiction is a,

'

groundvater divide across the extreme northern part of the plateau
intercepting the study area. The boundary appears to coincido with a
topographic divide vbere surface water and groundwater on the northern

29
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I TABLE 2.3

INVENTORY OF SELECTED REGIONAL USGS WELLS

y USGS Tow nsh ip/Ra ngs Geologic Well Depth Wel l Elem t lon USGScr

S ta tion ID Latitude Long i t ude Section ID owner Description Unit Code (ft) (ft MSL1 Map No.dI33 II 21
*

g

W -

j
473012819450001 473015 1194941 23/24-09E01 Howard Long I22G0ful 625 2160

i

!

473044119243101 473045 1892438 23/27-10001 Gilbert Lester 122CDRV 830 1855 --

474748l18381601 473018 1883814 23/33-10A01 W. Zagelow 122Wi4N 146 2080 368

47305231822420I 473100 1882240 23/35-03H0lDI Helen Sandygren 122CORY 445 2315 369

1

473025117570708 473020 1875708 23/38-8 2 A01 Town of Edwall 122WWM 100 2340 373

473103117533901 473107 1175333 23/39H)4001 Mike Paul 122 CERV 300 2395 374

473103117382801 473109 1873824 23/41-04F01 Kenneth D. Chl 122WW M 100 2390 37 6

N|
473057117251001 473056 1972510 23/43-06G01 John Burke 122Wi4H 125 2410 379

473517120091501 473433 1200807 24/21-13 A03 Pot t-Loyd 122GDRD 475 4080 --

1

473457119434101 473449 1894444 24/25-18E01 L.F. Juctnes 122CORY 515 2475 --

47%40119355601 47%30 1893552 24/26-06H01 Marlon Balyard 122Wr4M 205 2400 -

|

473632119520101 473632 1891652 24/284)3001 Coulee Cl ty 122GDRD 550 1610 --

f
| 4-B Jenkins

473225l19594301 473224 1890930 24/29-2 7P01 Earl Kane 122WWM 242 1805 --

g

o
0 473443818531501 473431 1185319 24/31-14E01 Bill Evans 122WWM 250 1995 --

,

474215118355001 473519 11842D 24/33-06001 Ken McMillan 122WWH 185 2035 38 7

! W 473427118420001 473436 1184200 24/33-18H01 Alvin Schmier 122W WM 350 1985 38 8

473227118341001 473329 1182949 24/34-23LO1 William G. Hardner 122CORY 596 2249 38 9

|

,

I
. _ . - - v-
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TABLE 2.3'

INVENTORY OF SELECTED REGIONAL USGS WELLS (continued)
H

fr USGS Tow nship/Ran ge Geologic Well Depth Wel l E leva t ion USGS
33 Owner Description Unit Code 2) (ft) ( f t MSL) Map No.4I$f Station ID La ti tude Longitude Section IDII

N

[a 473644816861701 473644 1881606 24/36-03001 Maurice Fink. 122WNPM 125 2 380 39 0

473442118162202 473441 1188627 24/36-16A02 State of Washington 122WNPM 160 2372 394mPI

|
'

473442118162204 473441 1881627 24/36-16A04 State of Washlagton 122WMT4 261 2372 394-P3
i

473442118162205 473441 1881627 24/36-16A05 State of Washing ton 122W NPM 365 2372 394-P4

473442818162208 473441 1988627 24/36-16A08 State of Washington 122GDM3 750 2372 394-P6,

473117818110901 473558 1181133 24/37-06Q01 George Schraett 122WNPM 165 2365 39 5

I
473625117592401 473641 1175930 24/38H0Z}01 Fred R. Michael 122WM44 . 85 2400 39 6 i

l

k$ 473230117460301 473224 1175057 24/39-26K01 How W il li ams 122WNPM 100 2440 39 7 l

473547117464701 473553 1874716 24/40-05001 Robert H. Diet 122WM44 50 2400 398
|

|473612117335001 473612 1173350 24/41-01 J02 Clarence Wyni 122WNPH 60 2390 39 9 ;

1

473435117362201 473435 1873622 24/41-14D01 Ci ty of 4 Lakes 122GDHD 775 2410 400

473614117282101 473609 1872822 24/42-02E02 H1rold Kegel 122WM N 100 2324 401

473454117302001 473450 1873014 24/42-09003 Keith Kopp 122GDRO 325 2350 402

473908120042601 473904 1200423 25/22-21HotDI City of Waterville 3 12 2GDHD 615 2640 --g3

i 5I
i| f, 473837119424601 473842 1194255 25/25-20001 Carl Helsig 122GDRD 640 2255 -- |

, 82

474100119040001 474118 1190421 25/30-0$L01 John Dormaler 122WMN 220 1885 --c>
i "a ,

)'d 473943118483408 473946 1984841 25/32-17K01 T homa s K irk 122WM14 300 2060 --

|
_ _ . ., . , _ . . , _-- -- - - -,_ i



TABLE 2.3

INVENTORY OF SELECTED REGIONAL USGS WELI.S (continued)
-4
%
CT
ks USGS Iownship/Ran7? Geol og ic Well Depth Well Eleva t ion USGS

3I 2) (ft) (f t MSL) bbp No.4IS ta t ion ID Latitude Longituo3 Section IDII Owner Descr ip t ion Unit Godo
,

.

473648118452301 473648 1184519 25/32-35 Pol Wilbur Sec/ 122Golo 1839 2135 407

T. McPherson

474159118360101 474154 1183605 25/33-01801 Richard Dreger 122hNPM 60 2250 408

473829118381908 473829 1883822 25/33-27A02 Ernes t Re t tkowski 122ClH( 865 2320 409

474342116235501 474142 1882355 25/35-03E 01 DI Dick Schol l. y l t. 122Wr4H 200 2345 410

Hwy.

473913113261702 473915 1882620 25/35-20001 Everet t Cole 122CURV 410 2250 411

473754118152001 473754 1881520 25/36-27001 Laurence E. Ensor 122WNPM 324 2368 412

w
473848I18091901 473848 1180919 25/3 7-21LO4 Ci ty of Davenport / 122GDRO 975 2410 413

Schil linger

473832138061801 473819 1180818 2 5/3 7-27E01 Gary Newcomb & 122WNPM 100 2420 415
Gunning

473946118003701 473935 1180038 25/38-15N01 Leslie D. Bennet t 122WNPM 128 2480 --

474346120023801 474259 1200132 26/22-25N01 Tony Long 122GDHD 325 2B55 --

474337118454201 474336 1884542 26/32-26001 James F. Rosman 122Wt#H 166 2060 --

$$ 474556118431101 474557 1184308 26/33-07E01 Evan Jenson/0g 122WNPM 154 2160 --

$ Ond Gif
n

'"
474435118425408 414435 1184254 26/33-19D01 Earl Ferguson 122CURV 233 2175 --

o
m

u

1) Townshipts)/RangetE)-Section with subsection designation.
2) CBRV = columbia River Basalt Group; GDRD = Grande Rondo Basalt; WNPM = Wanapus Basalt.
3) Source: USGS WATSTORE header-file retrieval (February 4, 1986).
4) See Fig. 2.11.
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Fig. 2.13. Diagram of aquifers and multiple piezometers. Vell 25/34-24
(Dreger observation vell), J2-J7, shoving vater-level monitoring of
piezometer J5 (after Olson, 1984).
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side flow northward to the Spokane River and Columbia River (Roosevelt
Lake) and on the southern side (the bulk of the study area) southwest-
vard to the Columbia River. However, generalized groundvater flow
patterns in the Vanapum Formation and Grande Ronde Formation basalts
depicted by Hearn and others (1985) omit the groundvater divide (Fig.
2.16). Other recent vater-level contour maps for the Vanapum Formation
aquifer show a groundwater divide in the general area shown in Figs.
2.15 and 2.16 (Bauer and others, 1985, Plate 3). Data vere lacking for
a similar occurrence in the Grande Ronde Formation aquifer (Bauer and
others, 1985, Plate 4) in this part of the study area.

2.3.2 Site-Specific Data

Based upon available records, seasonal variations in water levels in the
51 vells located in the specific study area (see Section 2.2.1) are
summarized in Table 2.4. Data are lacking for some of the three-month
periods for many of the wells; vells are completed in various intervals
penetrating different aquifers. A vater-level-contour map for the study
area (Fig. 2.17) was developed using elevations of s'prings and March-
through-Hay data (to the extent possible) from vells less than 400 feet
deep. There data reflect general contours of the shallov aquifers in
the Vanapum Formation basalt. Insufficient data are available to devel-

.

op a contour map of water levels for the deeper Grande Ronde Formation I

basalt aquifers.

The areal pattern and elevations of the water-level contours in the
study area appear to be consistent with the generalized regional con-
tours shown in Figs. 2.14 and 2.15. Groundvater generally flovs north-
vard in the northern third of the study area and southwestvard in the
southern two-thirds. However, the influence of topographic features on
the contours is much more prominent at the smaller scale of Fig. 2.17.
Patterns of surface drainage and groundvater flov in the shallov Vanapum
Formation basalt aquifers are similar.

Vater-level data from the USGS multiple piezometer nest, located about
4.5 miles southwest of the Creston site (Fig. 2.9, reference numbers 29
and 32 through 37, and Table 2.4), support the co,ncept of downward
groundvater movement from the Vanapum Formation basalt to the Grande
Ronde Formation basalt, as indicated in Fig. 2.18. The Grande Ro'.de
Formation basalt underlying the site is about 350 feet below the land
surface, and water levels of the Grande Ronde Formation aquifers, based
upon recent limited data, are about 50 feet lover than those of the
Vanapum Formation.

The DOE vater-level records, summarized in Table 2.5, vere compared with
the data used to develop the water-level contours on Fig. 2.17. Rele-
vant data from the two sets of records appear to be compatible. Some
more recent reconnaissance-level data collected for this study are
tabulated for the Tera vells and the Dreger observation vell piezometer
cluster in Appendix Table A.3.

38



11h" I17o o 0
gyg ;jn 119

| 1 1

g16
,_

- 48"

\ \ sh stoM? \ f/ I
/, \ " y ;' / /.: o

/ / "' '
! s c. ,e

fC cc!:f /| 6< y o
-_. ,

su

%- - ' Whc f,, /
r,. t;w e 3 / / _ u-

.

-

[ren,ef,?"|HIls'~ % ur s f ~'
-

;j p c 3 c g n < -
/ *<;",

SddlleYounta[ns '- o/ W
5% [~ s-Q',/

*~ '

O b
p' . '3-

#

'i , , /,

t
*

A .,
e I i 46"*-

piet r ",
o 0 20 40 MILES

e i iii!

h 20O I^ 0 60 LILC''ETERS

E x P L .' *4 A T 10 N

Area of surface. water o Multiple-well sites,

application in Columbia upaard flow within the
Basin Irrigation Project Grande Ronde Basalt

- Generalized ground- e Maltiple-well sites,
:

water flow direction downward flow within
the Grande Ronde Basalt

Fig. 2.16. Generalized groundwater flow, Vanapum and Grande Ronde
Basalts, Columbia Plateau Region (from Hearn and others, 1985).

39

__ -__ _ _ _ _ - - - _ _ _ _ _ - - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ .



::
Si - . . . . . . . . . - . . . - - . . .| s - a - - - - - -- S

-

)s-s
2.

b .

.t .t.

9 % 9 i -N - , t. ! 3 I I |
~

l : I ! I ! ! | |
. M* * *a - - - - -g -, - -- -

4 : 1. . 9 9 9 -t t n *. y 9 9 - a 9 *"
-3 1 | - : : : 4 : :

. , - - ,

3 1, : -
~ ,

t a ' . - - :- - - , - , - - - : : : -- - - -i a

> -
. . - . -* I L. 5 5 d d ; i $ ! 1 1 1 1 !E 1 4: I

,

:
I g . . .- - - : : : :

-
=

-I= ,o -

,. t
, ,

e. .e e , e - e s-- , . - , , . . .9 . . - , . . . - -

g 3 = - -- .
: = : : : : : ; : : : :- -

- - - - - . , - - - - -
O
h

.i
a
O *

, -.v .4
se: E : : : : : : :

. . - - . . . - . , . . . . . . .
: : : : a = = = .= .=g ,-- .-- - - - - , , , . , . - - - - - -

. :s
-u

.
O. --

5 !*1: 1

~ .
1:: e : e :: E :: - - - - - - -

je ! ; : I : ! E I E I-

1 3 3.e e e e e 3: _38 ! :a : : : 6 . : . e a : A A A A A.i g - a : : : : : : :
a 3 : : : : : :- . .- - - - : .i .: :< r -.e = - - - - - - - - - e- . .

.

m ro : - -

1 ; a ,e ,e a - : s : ! : : e8 e -
g
3 I I::

. ,

- |;$ii: : : : ) 4 e ; &-
- ,-

- , e,

A :
i
e

a
. .

.
:

.

,. _:r : : e : e s : : 3m : I
H

- : g :- -

, . -
- - --

-

3<
26 -.

3o e: : - -- ,:- a . e. 2 e e . - .-
s a. :- -

:n - - . c ; -- ~>

1
}}s ,! - - - 3 !R -E - - -

- - - - ! ! E Ei - - - -
- - - -

12
..

2)
- - - . , , . - - . . - - -

_ . - _

.s ,- g g . .

I:. 3 s:- is i i i 5 j 5 7 3 i i i i i i}} } $7 7 7 y V I e 5 %? ?? ? ? E 9 9 9: : : : : : : : : : : : : : : : : : : : :
-a- > ; ; : : : : : : : : : : : : : : :- - , , , - , . - - - - - - - - - - - -

Table 2.4 Sheet 1 of 3

40

--



_ _

_ _ _ _ _ _ _ _ _ _ _ _

::
8f : : : : : : : : : : : : : : : : : : : :
1

.

if
a.
g:

1- }1:
5

5 , , s ,
5

l a: : : i a : : : : : : : i : : : : ;
-
g g : : : -
o .

- -- - -: e - - , s5 - : : ; : : : : ; s : : : : : : : :
-

3 i le : : : :
.

: :- -

y 2
. . .

J '. i: : : i i : : : i : : : i i i : : :3 s i : :-

2,
-I
3 ,}a s e e e e n 2 e 2 -- -

: : ; ; ; a : ; ; e : : : : a : s s : :
$ Ja : : : : : : : : :- - - -

8 I-

g i j ;. g a3 g g : : : : : : : g a : : g :
- : : : : : : : : : : : : :- - - - - - ,

2 ..
-

9
8

].
~

.l.
- .g : - : e a e - -

, c - | E : E g ;-
- -s ,

d A E : 2 - t t t E E e E :g C 3}a A g I a a A A 4 : a 1 : ; ;3
,-

si : . . t , ,

g . - I E a E E E : a a a
- ,

- -e s.. . .

r
E j 2 :: ??: I I I I 8 ?II ??! I8

= : g is : i i : A ; ; ; 6- - - - - -
,

3
-

5
N :
O s :
2 ey : g a : = a : : -

*

a i i = = - - - - -

a i 1
M g

e
A ejj E 1 E Iiii 8 1 ! ! E E ! 1 * 8 ! I E
i 2

. .o 14: ; g e : ; ; g a g g 3- - - . . . - - -

3g: = = , . . :u . . - - -

a%" s: .. . , , . . . . . . , . . - - - -- -El * *

.

!s !5 ; - - -8 ; ai;: - -

: c d - | - !Ig -s
1.1 . a. .

a, A. [ A.
t 1 v 3 *= = s: -

- ; : :
-

e I
- -

.

: i : : : : : :
13

: : : : : : -
a 2 a : a ; a a. a a a a 2 a a a ,a a 2 1i

, - - - - , , , - - - - - - , . -

!

I

l

Table 2.4 Sheet 2 ef 3
,

l

41 ;

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _



::
Ii t t * * ~ - . . . -

a 6 *
5 gy - - -

-

.if
:-

5 -

: ):
.a. ]' *i*u
c
o . . . . . . . .u k. I J 4 4 4 4 - 4 4- -

}i 4 % .a 4 .e 4 2 Ig - , .

g
.

.

:
*

t * * * t "u i.- *: *: * *

'
- . . . . .i t' :: 4 -4 -2 2 4 - : R

> :
p ~ m ~ ~ ~ ~ ~ ~ m mg e..
*

g }
. q . . . a . . *
i j d a de

!' a i $i.

3 ,: = =, . : : e~p a o= = = = = = = =Q
-t Ch

wp
N 1 1 cm, * .* . . . . . . . - *

j Lt ; a 4 ; a 4 ; ; aI4 2 d : E : 2 t : 2
* ,a

o w~ ~ ~ ~ ~ ~ ~ ~ ~ ~H .
N A
2 i 3

. . .

2 34 . . A 4 ' . e
'. -

2 .: : : : a e : : :
* * 2

:
,

, o : =-= = = = = = = = =U. - ,
N e

2 tr

5 w
. , .W .a" 12 .- 2: :: :: :: : := - - - "
jf I ): 3.g jt ): le I ! EN O 2

a ; .i .g .i . J .3 1 .8 .j f .i g -: g -:5 )la ea .g : : A o. .

i
3,

.
-

.,
o
g r n .

=, , . . -
, = : : : : : I ,

}1:
.

1a- - -
.

g g : A .
-

g :
,

: : : . : Ag
. .

. : : -,
,

0 J -
O *
W 3= :

3 +~ e
d o

J j ,r
a : : ! ! 8 ! 5 g : a gP-

.3
}- .

f =
N 0
W -

g 1 , W-- . . . g , . .3 ig : : : . : :
- E , ,: aI . e

O c.
b*>8

3 .J.. _- *.
3 m~
-

~ _ g.. . . -

}}: Se-

M e.=h
a f.| ga~ - - - -

!!
- - . - ~

--

\-m
.. 4

r,
.

- -
1.. '

'! h9 9 ? ? ? 8
,

b) E
y : : : : : : : : : :1 : ,2 : ; 2 2

~ z' 22- , , - - - - -

Table 2.4 Sheet 3 of 3

42



_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - - _ _ _ _ _ _ _ _ _ _ _ _- ._. . _ _ _ _ _ _ __ . _ _ _ _ - - - _ - _ - - - _ _ _ _ - _ _ - _ _ - _ _ _ _ _ _ _ _ _ - _ _ _ _ _ _ - _ _ _ - -

R33E R34E R35E

A). ie . A'
. -

_ . . .

T27N ( .\#' T27N
i

/ T26NT26N

|
., . . . ,

NEA / CRESTON g,,gf,,,,., go) e .o a e . m *
, , ,

k

/ ". /' 5g s e, .. . . . ,

pms sw s

.. . , - - ..

i r
._ / .

. ,.

'

_ mm

;i
- - .. ,,

., -. ,. . ,. .

f i i

\
'"

- ,

| . N s

N *
- e , -.,, . . , ,,

T26N $ j' N__ ' 12m

#
12sN % p300

' - - - - - -r . .pg
| J%|

-J |
'

. . . . . .

;
.

y' r',
. . . ; . .

.

''+

it$
<

* '

os . . >

N
%g _ _. -

N
N S g a " >~ , r, ,._ w .

\ t n
, - ~ ,

. N
'N 3 8/
\ \ , .- . %h -

,.,,

T25N 2 ?j ,,,. g | b h 725N
!

T24N T \ T24N

\i, . .

s .

I \ l

R33E R34E R34E R35E

O 1 2 l
I f I

' SCALE IN YtE S

N

Fig. 2.17. Vater-level contours of Vanapum Formatio'n Basalt aquifer.
Levels are March-through-May averages, when available. Data from Tera
Corporation (1983a) and USGS VATSTORE retrieval (January 22, 1986).

43

. _ . . - . . . __ _ _ _ _ _ . _ . -- . . _ . _ _ _ _ _ _ _ ._ - , , , _ . , _,



.

E
" N

NE5 Mabton %
"

(Downgradient) U interbed of 3 t h
$ Ellensburg O

[ 5
s Formation } "',

''_
8o

g I 8 ?
/ e

. o,,

Saddle Mountains
_ _-

_. _ _ f l t
--

s
,

Wanapum Basa
|sw

Vantage - n

Mefrber of #'
y Grande Ronde jEllensburg l y, ,

Formation Basalt '-

EXPLANATION

; Arrows indicate general direction ;
of ground water flowg

-

Imnaha
Generalized water-table surface---

Basalt,

Unconsolidated sediments of E

I-' '! Holocene to Pliocene age_ Ba secent ;

rocks d Sedimentary interbeds

(Not To Scale) ;

Fig. 2.18. Generalized geologic cross-section shoving regional ground-
vater flov (modified from Hearn and others, 1985). Section location is
shown on Fig. 2.15.

44

.. - .., . - - - . . . . - , . . - - - - _ _ , - - - - _ _ , . .



TABLE 2.5

SUMMARY OF VATER-LEVEL RECORDS, DOE MONITORING VELLS

Seasonal Vater levels, ft HSL Average
(Depth to vater, ft) Vater level

Tomship/ Range Vell Elevation Sept- Dec- March- June- f t MSL lb. of
Section ID (ftMSL) Oct Jan April July (ft a) Values

25/32-12J1 2100 2072.4 2062.6 2W1.1 2068.8 2075.8 22

(27.6) (34.4) (18.9) (13.2) (24.2)

25/33-05C1 - - - - - - 25

(20.1) (18.8) (19.2) (23.9) (20.0)

25/33-12P - - - - - - 15

(7.0) (6.2) (5.0) (6.5) (5.9)

25/33-208 - - - - - - 5

(164.6) (149.7) (-) (-) (157.5)

25/33-2CD - - - - - - 9

(198.8) (186.6) (174.8) (182.6) (186.9)

25/33-27Al 2315 20 % .1 2017.0 2025.8 2012.2 2016.6 28

(310.9) (2%.0) (289.2) (302.8) (298.2)

25/33-27A2 2320 1975.2 20W.0 2018.4 1949.4 1989.7 20

(342.8) (310.0) (299.6) (368.6) (328.3)

25/ % 02C01 2357 2213.5 2219.3 2226.2 2214.3 2219.2 17

(143.5) (137.7) (130.8) (142.7) (137.8)

25/34-02001 2340 2237.4 2240.7 2244.6 - 2241.9 11

(102.6) (99.3) (95.4) (-) (98.1)

25/h07101 2276 2241.9 2241.6 2245.2 2243.3 2242.9 24

(34.1) (34.4) (30.8) (32.7) (33.1)

25/ L 11G1 2275 2261.2 2262.7 2267.6 2265.0 2264.7 25

(13.8) (12.3) (7.4) (10.0) (10.3)

25/34-29CD1 2230 2221.8 2217.7 2223.2 2224.0 2221.5 28

(8.2) (12.3) (6.8) (6.0) (8.5)

25/34-29J 2285 1973.1 2014.6 2017.7 1971.5 1990.6 12

(311.9) (270.4) (267,3) (313.5) (294.4)

Table 2.5 Sheet 1 of 2
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TABLE 2.5

SUMMARY OF VATER-LEVEL RECORDS, DOE MONITORING VELLS (continued)

Seasonal Vater levels (ft HSL) Average
something from 1DS (f t) VaterInvel

Township / Range Vell Elevatim Sept- Dec- March- Jme- ft MSL No. of
Section ID (ftHSL) Oct Jan April July (ft A) Values

25/34-3701 2250 2216.3 2214.6 2217.8 2211.7 2215.9 24

(33.7) (35.4) (32.2) (38.3) (34.1)

25/34-3T02 2247 2213.3 2214.1 2217.1 2210.8 2215.1 24
(31.7) (32.9) (29.9) (36.2) (31.9)

26/33-36A 2398 2316.7 2314.6 2311.7 2312.9 2313.9 20
(81.3) (83.4) (86.3) (85.1) (84.1)

26/34-34G 2288 2283.2 2286.0 2289.5 2286.0 2285.4 9
(4.8) (2.0) (-1.5) (2.0) (2.6)

1) Township (N)/ Range (E)-Section with subsection designation. See
Table 2.2.

j

i

i

;
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_ _ _ _ _ _ _ _ _

2.3.3 Data Synthesis

The preliminary water-level analyses discussed above are subj ec t to
uncertainties introduced by complex geology and well-construction
practices. Further data analysis should focus on available vell-
construction information correlated with vell-log information indicating
vater-bearing zones. Consideration should be given to detecting
possible' inter-aquifer hydraulic communication through open-hole vells,

g which may influence the design and interpretation of pumping or tracer
:

tests at the site.

I 2.4 Vater-Ouality Characterization

The following sections discuss the data sources for assessing vater-
quality conditions, followed by a general data synthesis to develop an
overall vater-quality characterization of the groundwater in the study
area as well as the region.

2.4.1 Tera Corporation

As part of a program to collect baseline data, Tera Corporation con-
ducted on behalf of the Vashington Vater Power Company a total of seven
water-quality surveys during 1980-1982 by sampling four designated
pumping wells (P-1 through P-4) and six designated observation vells
(OV-1 through OV-5 and OV-8) in the study area south of the Tovn of
Creston (Fig. 2.9). These data are summarized in Appendix Table A.4.
The types of chemical constituents included indicator field measurements
(pH, temperature, and specific conductance), major ion species, nutri-
ents, numerous trace metals, gross radioactive (alpha and beta) indi-

cator measures, and indicators of sanitary quality (Tera Corporation,
1983a).

2.4.2 USGS Investigations

A 1972 regional study (Nevcomb, 1972) described general vater-quality
characteristics of groundwater in the basalts of the Columbia River
Group in the three-state area of Vashington, Oregon, and Idaho (see
Section 2.1.3). As part of a recent regional study (Hearn and others,
1985), the USGS sampled numerous wells in the Columbia Basalt Plateau
during three surveys: summer 1982, spring 1983, and summer 1983. Selec-
ted data are reported in Appendix Table A.5. More extensive data are
found in the USGS VATSTORE system. Constituents analyzed involved
indicator field measurements (pH, temperature, and specific conduc-
tance), the major ion species, nitrate, silica, and iron.

2.4.3 VSU Study
t

j

Silar (1969) reported chemical-composition analyses for 51 samples
collected throughout the Columbia Basalt Plateau and obtained from other
sources. Thesa data vere summarized using a Piper diagram (Fig. 2.19),

,

and are reported in Appendix Table A.6. The bulk of the samples were
characterized as a calcium-bicarbonate-type vater (Fig. 2.20), con-

|
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sistent with data collected as part of a more recent USGS study (Hearn
and others, 1985).

2.4.4 State of Vashington Department of Social and Health Services

Selected chemical (predominantly trace-metal) analyses have been re-
ported for six municipal vater-supply vells in and around the study area
(Appendix Table A.7). These data vere obtained from files of the State
of Vashington's Department of Social and Health Services office in
Spokane.

2.4.5 Data Synthesis

In summary, despite the availability of region-vide water-quality data,
the complexity of the basalt's flov system precludes insight locally in
the Creston study area as to flow patterns and origins of water. Fur-
ther analysis of the data in conjunction with consideration of details
of well construction and completion in more distinct aquifers in the
basalts has been designated an essential part of recent field investi-
gations and vellfield implementation to be discussed in a subsequent
study report.

2.5 Geophysical Logs

A total of 124 geophysical logs are available at Vashington State Uni-
versity for the four-county area of the eastern Columbia Basalt Plateau
(Appendix Table A.8). These are distributed by county (see Fig. 1.1) as
follows:

Lincoln County 34
Spokane County 9
Adams County 29
Grant County 52

_

Total 124

Though several sets are incomplete, each suite of about 10 logs commonly
includes neutron (neutron or gamma), caliper, and flow-meter logs. This
total includes logs for the Cheney Vell No. 5, for which drill core also
is available. A typical set of borehole logs is shown in Fig. 2.21.

2.6 Isotopic Data

Data on naturally occurring radioisotopes are available from two known
sources in the general Columbia Basalt Plateau region. A major focus of '

a VSU study (Silar, 1969) vas analysis of radiocarbon dating for vells |
sampled in the eastern Columbia Basin (Fig. 2.22). These data are sum-
marized in Appendix Table A.9. Cata on OIO, C ', and H vere collected
on selected samples as part of tho USGS vater-quality surveys (Hearn and
others, 1985). These data are summarized in Appendix Table A.10,

50



O /: , , ,

\ ~,c 3 ef- i r
.

L._______ _ _ __-
- ;_>---_,

( R-
10 0 < _.%hCoscoding-wofer

- - ~*
tempe ratur e fp.

b. .-_.-,..._.--..L .._...k.___.____--_----.---.---------fC.
_ _ . - ._-3. -. - . ---. ..__.. --- ' { -. - - - ---

._ . - . . .-

.- - 9._.--_-___._ _

x
k

k'%
200

'

g j

$ / water ' k,| temperature
'

y
u- y s ,

cr - %
W

._. . .-- - - - - - - - - - - ;- n

.. . . , - - - . -az 300 J Qb,
{ C-2::. ,7< m ,

.rg . ; s.a

'.I ' ;? { D3
S

4
' , :=

: /w e-e . _ _ ;. -. j
i. . , y V j <Cp .

e

W Y &;f f - V -
- --

4 %
d * ~

i y m

Qp.3.;.gy 400
3.g ;,

;f.x|b ' - ~ h'~.
. =-x ,

R : 4 f ''_ . ' i .(
; b' frw &

-

f %c

~ 2 &y,Q: ~
* *SOO . - - -:~ , 4- y c *

m_2e 4-s s i.y
~ 7

4 3
..

+ . , .R.
V..

,'\600 - t qq qq) ,

,s.. s s
6^' " . <,

*

'- O s -
' L.,

''WWW ~
?~

,

700 i '

12 16 20 24 28 50 55 60 65 70
INCHES TEMPERATURE ('F) R ADI ATION

(INCRE ASES TO RIGHT)

HOLE-DI AVETER LOG TEVPERATURE LOG GAYM A-R ADI ATION LOG
l Conse ports of bosolt flows Temreroture generally inc.coses Notural radiction intensity is on

oppoor os relotively stroight, groduolly to hole bottem. Water- indication of rock density;
vertical sections; water beoring beoring genes moy be indtcoted water-beoring tones, behg more
tones (shown en blue) usuolly by obrupt Change s in temperotJre. pocoss, of ten have lower redi-

opstor os brChen-out ortos. This perhculor well pumps woter otion then the dense ports of

with o tempefeture of 66',Indic- bosolt flows,a

ating thot woter-bearing tones

telon 500 feet are the mojor

source of woter.

Fig. 2.21. Typical borehole logs in fractured basalt (from Luzier and
others, 1968).

51

. - - _ _ _ _ . --. - _ - _ . - ___ _ _ _ _ _ _ _ _ _ _ _ -



# 3' t li 35 34 SS 54 l' SS 39 4? 8 87 # 45 E

e ! ! W Ai,.!
| ..
'

_

____ ____.,_ __e- -+- - -f 7 ,

27 | 2
-

i i

$ .5e i i sacs ANIned |i ;3, -q p**#,*>4 ! __._ , | __;_
!

,+'
j t i;'l" i ! . .. . . .' ;

I 3. a,,

8 1 _1 - f 'I *5'f _ -p-
'

( ;? ,

j { h 16 it !,

g, | t ut: t .s *f
a >y . : :- . . . . . .,

- +4_ _. ._e.___+_ .-
, g7 , - j ;i

9 |
| 2o f g:.au, O 24 } d|

'

g i
as , ; { .ae me?$= s 28

i : t=tv 'ss ,

v ; i
, ____+_.L-- -.--- t ;| 3
. _ _ _ -q i_

i I
l T j |

I

I I ' i*

is i 14,
-

i . #* 1'
22

;
., ;+ -- 'N . ngg 4 .

' , * f | |
' C' 8 8 ' M "kl f { /

,

| CP29 C r e* 8 \wv O { |
$ ''2 *

,' __ _ _ b _. b _ f _ j -__ ' . , " N - - - - ' - - {- g+ 4 (,| . . . < , , , .e sau . ;,3' I
, .

4'.-. ,.''a----"-' f '20 Of '
i ~5

| _ _, ,t ,

'
ia tzm ,

| }
0,

j $ 2' ; +,,

'S 1 {_ , . 4_-- . - ygy - --*

!

i <2 ..... w ,
.

22
I 1

I S o =5 i O | r <

~ _3.__ ,3-- - - , , ,

,e . op _ co ioi ;
-

_ _s.

3

t si w'*' (.) g i4
.| O p r.:. :tv

1
uwo O g ;s t 46 I,

4 |'' ' 37

(---- ' : g;,;( + !pe
*

|
.

+ - - -

; ;

! m , ..N*I ; 43i l,

|.
~ @

. " ) . _ __ . 3, . -- ;
7

-1{ j

lI

,

i' t a rw.sse {
-

| (l

/
-

| | . . . . . , .
l

.

''
. . , i :ei gg . - .i - .--- ---t -4

, ,

_ ..-. _ _.;-- .__ e .

, __ _ |0 - +|| | | |
, ,

| ! / i'N* .
-

q..,.m_._. . - s,- a -, .

l;w I gsd i

* '- .+.e 6is

.. - . ,s.._ .. ,w
'

|, . _ _{-/ l {
i

'
7 '

i

i , , ,
. .,

,
. .

, .a --w__- - - -

O VOCE8N $ tC oco - r 2,000 _ _ _ _ _ _ _

?!*'''

y 0- 2M s's B P
$ # 2 C ' 0 - i 4 XO t 'st 2. coo - 4,C 0 0 p re

G 4,0cc - 6,00 0 prs $ ! 4,C00 - 16,000 v's
e . .oco - e , c oo ,,
, ,;c e . , e, cc o , . g w:.E r aN 's. coo ,< *

Fig. 2.22. Radiocarbon ages of regional groundwater, southeastern
Vashington (from Silar, 1969).

<

|

t
'

52

1

!
|

|



.

t

|

I

2.7 Aquifer-Test Information j

Because several basalt units have been interconnected by ope.-hcie vells
,

commonly completed in the northern Columbia Plateau region, tb$ results
of aquifer tests completed in the study area and in surrounding areas-
are difficult to interpret. Additionally, fracturing and flov-top areas
influence the flev of water within and between the basalt units. Esti-
mates of transmissivity by the USGS (Luzier and Skrivan, 1975) for the !,

area southwest of the study area range from 20,000 to 60,000 gallons per |
day per foot (gpd/ft). Valtas of storativity were estimated to range '

from 2X 10-3 to 6 X 10-3/ft. In the Sinking Creek area, Vildrick
(1982) estimated an average transmissivity of 12,000 gpd/ft.

t

An aquifar test performed by DOE in March 196J (Vildrick, 1982) resulted ;

in the folioving aquifer characteristics:
i

Vell Transmissivity Storativity i
i

Houger pumping vell ;

(T.25N, R.34E, 2G1) 90,000 gpd/ft 4 X 10-5/ft '

t

Houger observation vell
(T 25N, R.34E, 1F1) 580,000 gpd/ft 6 J 10-5/ft i

s

A pumping test of the Rettkovski vell (T.25N, R.33E, 27H2), located
;

along Sinking Creek south of Vilbur (Vildrick, 1985), yielded an esti- [

mated transmissivity of 26,000 gpd/ft, and a storativity of 2 X 10-4/ft. l

A number of bailer and pumping tests vere perfermed on the study si;e by !
Tera Corporation (1983b) to estimate the properties of flov tops A and B ,

(which they called "first shallow aquifer" and "second shallov aquifer," !
1 respectively) in the Priest Rapids Member of the Vanapum Formation.

Transmissivities of the flov tops ranged from 16,000 to 80,000 gpd/ft, |

,
and averaged about 42,000 gpd/ft. Values of storativity ranged from 1 X :

! 10-3 to 8 X 10-6/ft, and averaged about 2 X 10-4/ft. Tera Corporation
did not attempt to study the vertical permeability of the dense basalt

|
between the two flov tops in the Priest Rapids Member. '

.

'

i

~

Bauer and others (1985) have proposed that the primary flov direction in |,

the dense basalt is vertical along columnar fractures, whereas the
primary flov direction in the flov tops is horizohtal. Therefore,
additional testing is needed to define directional transmissivities, i

i including a delineation of horizontal and vertical values. Also, both I

i the flov tops and dense interior basalts should be investigated. I

. Presently, the porosity of the dense basalts and flov tops of the i

! northern part of the Columbia Plateau region is largely unknovn. (
I |

2.8 Geomorphic Setting !
'

'
i

i Host of the topographic relief in the Creston study area is generally i'
confined between altitudes of 2250 and 2450 feet (ft) above mean sea

'

1
,
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o

i
! i

!

;

i !

! (MSL). Nearby Creston Butte is visibly higher, reaching its peak. . . .

t 6 ft MSL. The present landform is a result of catastrophic.

tosion by the Spokane Flood on underlying Columbia River basalts
Maker, 1981). Following deposition of glaciofluvial sediments, vind

,

deposition of loess has provided arable cropland that presently is
irrigated from aquifers within the underlying basalts. Agricultural

,

production generally consists of extensive areas of wheat, barley, and
alfalfa (Fig. 2.23) . Vithin the study area, however, 80 percent of the t

' land is used for livestock grazing (Fig. 2.23). These areas ace covered
principally by sage, shrub, and grasses. Sinking Creek is the main sur-
face drainage for the study area Sinking Creek's flov forms vaterfowl
vetlands or lov-gradient streae.s and frequently disappears locally3

beneath flat pasturelands.

2.9 Stratigraphy

A general surficial geologic map of the Creston study area is shown in
,

Fig. 2.24. Four crystalline formations are mapped, although Holocene |
loess, cultivation, vetlands, and vegetation limit the geologic ex-

'

,

,
posures. The geologic map shows essentially bedrock. Those parts of

! the Vanapum Formation basalt covered by sediments are not delineated. '

Sedimentary cover may persist to depths of more than 30 ft. The limited
,

| relief permits observation of only discontinuous parts of each forma- *

j tion.
g

|
{ Outcropping of a complete basalt cooling unit occurs very rarely in the ;

j study area. Host often obscured are the flow contacts, which apparently '

j disaggregate more easily, promoting soil and vegetation development. ;

Better exposures can be seen at selected locations along Sinking Creek. i

j The Vanapum Formation, a basalt estimated to be 300 ft thick, underlies i
the majority of the study area. Subsequent drilling and hydrologic3 ,

analyses have concentrated on the lover part of this formation. Where ;
exposed, this formation is comprised of a series of basalt cooling-

,

i units, each with thicknesses of a fev tens of feet. |
,

I '

The Grande Ronde Formation basalts, immediately underlying the Vanapum
i Formation, are at least 600 ft thick underlying the Creston study area, [
! based on exposures near the Columbia River to the north of Creston i

j observed during field reconnaissance visits during the spring of 1986.
t The Grande Ronde Formation is exposed several miles northeast of the' ,

study area below the head of Velsh Creek. This unit is comprised of '

; much thicker cooling units and was the earliest basalt to cover much of {the basement rock in the study area (Svanson and otheu , 1979b). '

i

! The crystalline basement rocks are the unnamed micaceous q i zite of !

! Creston Butte and an intruding granitoid possibly related to the Idaho L

| Batholitic event (Svanson and others, 1979b). Contacts of the Vanapum
j Formation basalts with the basement rocks also are obscured. A general-

ized geologic cross-section across the northern edge of the study areaj
; is shovn in Fig. 2.25.

i
|

| |
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2.25, stratigraphic se .lons in Figs. 2.27, 2.28, and 2.30.
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2.10 Measured Stratigraphic Sections

Three stratigraphic sections were measured as a part of preliminary
resonnaissance-level field investiga*. ions during April and May 1986.
The locations of two of these are shovn in Fig. 2.24, and a third is
five miles northeast of the study area. For these sections, an attempt
was made to quantify the intensity of fracture development in terms of
frequency (fractures per meter) along the horizontal (H) and vertical
(V) directions. Present-day veathering increases tne surficial fracture
frequency and affects fracture filling and videning. Miocene paleo-
veathering also could have similarly affected both the Vanapum Formation
and Grande Ronde Formation basalt flows. The basalt deposition occurred
over a three-million year period ending 13.5 million years ago for the
Vanapum Formation (Hooper, 1982). Vertical fractures are usually promi-
nent, extending five feet or more, and are typically associated geneti-
cally vith the colonnade part of the lava flov's cooling history. A

photograph shoving a cross-sectional perspective of colonnade cooling
,

' fractures is shown in Fig. 2.26. Vater flovs vould likely be downvard
in the colonnade (Bauer and others, 1985). Horizontal fractures are
generally less persistent but of greater frequency, and are formed
throughout the flov unit. They are especially prominent in the basal
chilled zone. Vesicular basalt overlying the dense, massive colonnad2
generally is characterized by shorter, randomly oriented fractures.

The vesicular basalt, originally containing volcanic gases, develops a
texture of small (~1 mm or less), videly separated bubbles which grade
upward, becoming larger (-10 mm across or more) and more closely spaced.
The enlargement of these vesicles and their increasing number undoubted-
ly reflects a response to upward decreasing confining pressure on the
lava. After lithification, this provides evidence that both the upvard
direction and the atmospheric side of the flow are being approached.
Vhere this texture vas observed, it is described as normal zoning.
During the next lava depositional event, the contrasting dense, massive
colonnade texture vould be developed. This obvious textural change vas
helpful in identifying flov-contact proximities. This re ationship has1

been used only to a limited extent, as shovn on available drillers' logs
obtained from the offices of the Vashington State Department of Ecology
in Spokane. At the top of the flows, the relatively intense degree of
vesicular development often has decreased the basalt density by as much
as an estimated one-fourth of its normal density.

In Stratigraphic Section I (Fig. 2.27), the outcropping basalt lithology
was measured from Sinking Creek southeastvard tovard Tera vell OV-3.
Using the basalt textural change as an indication, flow contacts prob-
ably exist at elevations of 2302, 2322, 2346, and 2374 ft MSL, averaging
about 25 ft in thickness. Thus, the elevation of Sinking Creek may be
coincidental vith the base of the "first shallov aquifer" (flov top A)
in the Priest Rapids Member of the Vanapum Fotmation, as identified by
Tera Corporation (1980).

The site of Stratigraphic Section II (Fig. 2.28) was selected because it
has the best outcrop exposure of a complete lava-flow cooling unit. The

.a basalt cooling units average ap: oximately 21 ft in thickness, with
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flow contacts at elevations of 2310, 2330, and 2352 ft MSL. The basalt
cooling unit between 2310 and 2330 ft MSL may correlate with the basalt
cooling "qit at 2302-2322 ft MSL depicted in Fig. 2.27. The apparent
dip for this basalt cooling unit along the south-southwest direction is
approximately 8 ft (vertical) in 1900 ft (horizontal). This value is
comparable to the 20-ft/mi gradient calculated by Tera Corporation
(1980).

Fig. 2.29 is a photograph of the completely exposed basalt cooling unit
shown in the lover part of Fig. 2.28. This 20-ft-thick basalt cooling
unit was deposited on the vesicular portion of an earlier, solidified
basalt cooling unit. The lovest part of the cooling unit has a chilled
base composed of horizontal, platy fractures with a frequency exceeding
an estimated 50 per meter. The lover dense interior of the cooling unit
is an irregular ' lonnade with prominent vertical fractures. The upper
part of the interior is a similar dense, massive basalt with prominent
horizontal fractures. The top half of the cooling unit is composed of
vesicular basalt that is even more fractured but with shorter length
persistence. At the top surface, the bulk density is markedly less
because of the vesiculer development.

| Stratigraphic Section III vas measured at a location to transect the
' contact between the Vanapum Formation and the Grande Ronde Formation, as

shown in Fig. 2.30. The field contact for the section was taken from
the regional mapping by Svanson and others (1979b). The typical colon-
nade and entablature structures have been largely obliterated by recent
physical veathering and talus cover. The Grande Ronde Formation basalt
cooling units are thicker and quite vesicular. The uppermost vesicular
basalt did not affect magnetic compass readings. The formation contact -

is flat, shows no erosional incisement, and contains,no visible sedi-
mentary interbed. The Vanapum Formation basalt has much less outcrop,
probably due to greater veathering and soil development. The 'ovest
basalt cooling unit of the Vanapum Formation is an estimsted 70 ft
thick. Near the formation contact, the Vanapum Formation basalt is
coincident with decreased slopes it is fresh, dense, massive, slightly
porphyritic, feldspar-bearing, and it profoundly affected magnetic
compass readings due to polarized magnetite.

2.11 Subsurface Geology

Detailed hydrologic characterization of the fractured basalt media in
the Creston study area vill focus on the Roza Member located in the
lover part of the Vanapum Formation. Based on Tera Corporation's (1980)
analyses of the Priest Rapids Member's "first shallow aquifer" and
"second shallov aquifer" (flow top A and flow top B, respectively) the
initial proposed program vas to evaluate this system in detailed field
investigations consisting of drilling along with tracer and pumping
tests. The two flov tops ate about 75 ft and 150 ft, respectively,
below ground surface. A third aquifer, known as the "irrigation zone
aquifer" (Tera Corporation, 1980), lies 50 ft or more beneath a separat-
ing "dense basalt. Vildrick (1982) generalized an upper , middle , and
lower-zone aquifer assemblage spanning both the Vanapum and Grande Ronde
Formations. A more detailed subsurface hydrologic evaluation by Tera
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Corporation (1980) for the Vashington Vater Povet Company has defined
the aquifers, shown in Fig. 2.31. The geologic characterization was
derived from drillers' logs and partial electric borehole logs.

The cross-section shown in Fig. 2.31 contains an interpretive mismatch
as a result of combining tvo cross-sections generally to the north and
south of vell P-2 from the Tera Corporation (1980, 1983b) reports. The
mismatch is likely due to incompleteness of Tera's cross-section
definition in the area between OV-3 and P-2. The left side of the
composite cross-section does not show the upper surface of the "first

shallov aquifer." Also, in that part of the cross-section the
piezometric surface marked "9/2/80" (dashed line) should be relocated to
match the piezometric surface shown for Tera vells OV-1 to P-2, shown on
the right side of the composite cross-section.

Fig. 2.32 is a cross-section illustrating deeper subsurface geology than
that shown in Fig. 2.31.

2.12 Summary

Based on the reference sources, literature, and professional contacts,
the following statements can be made:

1. A large number of existing studies provide reconnaissance-
level data and information on geologic structure and hydro-
logic conditions in the study area as well as the extended
northern part of the Columbia Basalt Plateau.

2. This chapter has inventoried and summarized data on the
following aspects of a hydrogeologic characterizations

o area geology
o location of vells
o vater levels
o vater-quality conditions
o geophysical logs
o isotopic dating
o aquifer-test information

3. Recent and ongoing studies by the USGS and VSU vere particu-
larly helpful sources of additional information; and contacts
with designated individuals within these institutions as well
as the DOE, Rockvell-Hanford Operations, and Battelle-Pacific
Northwest Laboratory have been made.

4. The information summarized here was used to select a basalt
unit test horizon (Chapter 4) and to design pumping and
tracer tests for this test horizon (Chapter 5).

5. A number of hydtologic tests have been petformed in the study
area, latgely for generalized, teconnaissance-level, environ-
mental studies and for vater-supply investigations. More
detailed information on directional hydraulic conductivities,
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scaling effects of the hydraulic properties, dispersivities,
fracture characterization, and stress-dependent hydraulic
conductivity is included in subsequent project-related
interim reports for this investigation.
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3. STUDY-AREA CORE-DRILLING AND BASALT-UNIT TESTING PROGRAN

In order to gather more detailed subsurface data, especially for frac-
ture characterization, two diamond-core holes were drilled through the

.

Vanapum Formation and into the upper part of the Gran'de Ronde Formation
| during the late summer and early fall of 1986. The drilling program was

designed to provide information for site-specific fracture characteriza-I

tion, for determining flov-top locations, for characterizing aquifers,
and for designing additional pumping and observation vells to be used in,

| the basalt-unit testing program (Chapter 5). The boreholes subsequently
have been used as water-level and tracer-monitoring observation vells.

3.1 Core Description

I
3.1.1 Borehole 16-C'

Diamond-core drilling of an initial borehole (16-C) vas conducted from
August 22 through September 5, 1986. The vertical NX (3-inch-diameter)
core hole vas located in the northwest corner of Section 16, T.25N,
R.34E, at a land-surface elevation of about 2244 ft MSL (see Fig. 1.2).
The 2-inch-diameter core obtained from the NX-borehole resulted in
samples of parts of the basalts and sedimentary interbeds and revealed
lithologies, cooling fractures, tectonic structures (?),* and hydrologic
qualities of rock units to a drilled depth of 455 ft (Table 3.1).

Core recovery for borehole 16-C exceeded 97 percent; loss was mainly due
to incompetent fault filling. The drill core vas photographed and
lithologically characterized. The drill hole was geophysically logged
by VSU to a depth of 427 ft. The geophysical logs have been processed
and have been compared with nearby lithologic logs (Vood and Poeter,
1986). The borehole vas located on an abandoned roadvay and drill-site
reclamation has been completed. Through placement of an inflated packer
(see Chapter 4), this borehole has served as a monitoring and test ob-
servation vell and is secured by a locked threaded cap.

Upon removal of the drill string, the drill hole at 16-C bridged at 365
ft in less than 20 hours. This prevented upper aquifers (Roza and

* A suspected fault shoving slickensides indicative of oblique move-
ments in chlorite-filled fractured basalt was observed and logged in the
interval from 34 to 120 ft. A second fault was also indicated by cote in
the interval from 404 to 455 ft. These are the most' prominent features
of structural disturbance observed in the core and likely reflect
crustal disturbance in this part of the Columbia River Basalt Province
whose scale is unknovn. (Is it local or regional? Can it be attributed

i
to basin downwarping, pre-basalt magma conduits, or other factors?)

| Hence it is questioned as (?). These two features do bear some signifi-
cance because the upper appears relatively impermeable, whereas the
lover is likely highly permeable to groundvater.
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TABLE 3.1
DRILLING SUMMARY, BOREHOLE 16-C

Footage (ft Approximate !
; belov land Elevation Description

~

] surface) (ft/MSL)
I

0-1 2244-2243 Overburden soil.

1-34 2243-2210 Thin interlayered vesicular and dense
textured but locally scoriaceous basalts.
Driller reported all drill fluid (vell
vater of Kevin Houger vell in T.25N,
R.32E, Section 9 likely "sourcing" from
flov top A vhich is coincident with Sink-,

ing Creek) lost to basalt unit at 26 ft.
Lithology at this location was scoria-

; ceous basalt and rubblized vesicular
| basalt. This position likely is correl-

ative with flov top A ("first shallow t

aquifer" as used in Tera Corporation
reports).

!
| 34-120 2210-2124 Vesicular br t with decreasing number

and size of vesicles and decreasing frac-
ture frequency in a dovnvard directions
faults of steep dip are intersected at

,

between 50 and 75 ft and characterized by
slickensides and total field-identified
chlorite filling to 1% inches vidth.

>

120-228 2124-2016 Dense basalt about twice as fractured as
overlying vesicular part of this flov.
The base of the Priest Rapids Member of

'
the Vanapum Formation is vesicular for
about 4 inches. The lovest basalt flov
of this member is an estimated 194 ft :

a thick and contains no obvious flov top B
(or "second shallow aquifer"), as expect-
ed, other than several broken zones.
Geophysical logs may define the aquifer
along with detailed core reviev.

,

j 228-230 2016-2014 Sedimentary interbed of conglomeratic |claystone that may serve as an aquitard, j

This was judged to be correlative with ;4

the Quincy diatomite. !

. 4

i

i
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TABLE 3.1
'DRILLING SUMMARY, BOREHOLE 16-C'

(Continued)

Footage (ft Approximate*

*

below land Elevation Description
surface) (ft/MSL);

230-240 2014-2004 Vesicular basalt, partly rubblized and i

| rather strongly chloritized, and vugular !

upper part of the Roza Member of .the 3

Vanapum Formation. This entire basalt. ;

unit contains 1-cm size tabular, euhedral

feldspar crystals.

240-256 2004-1988 Gradational decrease in vesicles and
'ecrease in fracture abundance.

?
i256-361.5 1988-1882.5 Dense basalt, fractures decreasing toward

base. End of Roza Member and base of
Vanapum Formation.

361.5-365.5 1882.5-1878.5 Sedimentary interbed of completely chlor- I.,

! itized, possibly tuffaceous claystone.
This is judged to represent facies of i

; '
Vantage Member of the Ellensburg

Formation. Prominently expansive and i

caving. Likely an aquitard.
L

365.5-390 1878.5-1854 Vesicular basalt of the upper Grande .

Ronde Formation. !;

l !
t 390-404 1854-1840 Dense basalt with base of uppermost '

J basalt flov. ;

i

j.
404-455 1840-1789 Thin interlayered vesicular and dense

.

textured basalt flows. Very prominent |
; "thief zone" beginning at 404 ft lith- 6

) ologically coincident with interconnected
I vesicles and abundant fractures. A fault
i vith I ft of core loss existed between

445-448 ft. The hole terminated in a |;
clay-filled fault zone with hematite -

,

alteration. <

i

!

l
4

,

2
I
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Priest Rapids Members) from communicating hydraulically with the Grande
Ronde Formation aquifers. As a result, aquifers in the overlying
Vanapum Formation filled the borehole to a static vater level at approx-
imately 45 ft belov land surface. This was the approxime.te static vater
level prior to intersecting the 404-ft "thief zone" (Table 3.1).

3.1.2 Borehole 3-C

A second drilled core hole (3-C), vas located in the southwest corner of
'

T.25N, R.34E, Section 3, approximately 1% mi northeast of borehole 16-C.
at an elevation of about 2265 f t MSL (see Fig. 1.2). The core drilling
was conducted from September 13 through October 1, 1986. The inclined
-80.5' NX (3-inch-diameter) borehole had an unsurveyed bearing of 016
degrees. The purpose of this inclination (10 degrees off vertical) vas
to enhance the possible intersection of vertical basalt cooling frac-
tures. This drilling strategy was justified, as noted by the near-10-
degree fractures in the resultant core. The hole inclination also pro-
vided limited cote orientation at horizontally intersected sedimentary
bedding planes. The 2-incS-diameter core obtained from the borehole
contained samples of parts of the basalts and sedimentary interbeds and
revealed basalt flows, cooling fractures, no obvious tectonic struc-
tures, a high-volume aquifer and "thief zone," and other hydrologic
qualities of rock units in the drilled course of 480 ft (Table 3.2).

' Core recovery of borehole 3-C vas more than 99 percent. Marquette
Spring, located approximately 2000 ft vest of borehole 3-C, was pumped
at a rate of 8 gallons per minute (gpm) for drill-hole fluid at this
drill site. As formation characteristics varranted (regarding swelling
and caving), several borehole fluid additives -- V-90 cement, Poly
Drill, limited potassium chloride and bentonite -- were used in the
drill hole belov 350 ft. The drill core vas photographed and litho-
logically characterized. The resultant borehole was geophysically !

logged by VSU to a depth of 480 ft inside the drill string to protect
the electric sondes from caving zones. Other segments of the borehole
vere logged as open hole where not caved.

3.1.3 Subsequent Field Investigations

After logging of 3-C, drill hole 16-C was re-entered for geophysical
logging of drilled intervals which nov vere believed to contain ther-
mally equilibrated vater which previously had been absent. Because Tera
Corporation's monitoring vell OV-2 is located between the two boreholes
(see Fig. 1.2), several geophysical logs were also used ftom that vell.
All resultant geophysical logs vere included in the correlation study
conducted by VSU (Vood and Poeter, 1986).

: Borehole 3-C vas located on the opposite side (east) of an inferred
i ten-mile-long photolineament vith reference to borehole 16-C. After

removal of the drill string in borehole 3-C. the static vater level vas
! measured at 14.4 ft belov land surface on October 2, 1986. Selected
! aquifers from these boreholes were sampled for chemical analysis, and

slug tests vete performed on both boteholes 3-C and 16-C. Inflatable
;
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TABLE 3.2
DRILLING SUMMARY, BOREHOLE 3-C

Footage (ft Approximate
belov land Elevation Description

surface) (ft/MSL)

0-1 2265-2264 overburden soil.

1-25.5 2264-2239.5 Priest Rapids Member basalt flows of the
Vanapum Formation vesicule.r upper third,
outcrop to south (400 ft) shows 2-ft
diameter colonnades, broken zone at base.

25.5-42.5 2239.5-2222.5 Next older flov, upper two-thirds vesic-
ular, locally containing montmorillonites
lover third dense basalt, generally well

fractured.

42.5-102 2222.5-2163 Upper 20 ft vesicular remainder dense
basalt, locally containing pyrite.

102-130.5 2163-2134.5 Upper two-thirds vesiculat, locally vith
interconnections, shovs oxidation a

relatively productive aquifer begins at
102 ft, capable of generating in excess
of 100 gpm, specific conductance 140
umhos/cm, probably coincident with flov
top B. ("second shallov aquifer").

130.5-252 2134.5-2013 Oldest Priest Rapids Member basalt flow
of the Vanapum Formation, upper 80 ft
vesicular, contains fractured zone at
144-146 ft capable of "thiefing" 8 gpm
drill vater supply; lover 30 ft dense
basalt, relatively lov fracture density
in this flov.

252-254 2013-2011 Tan carboniferous claystone interbed,
aquitard can provide core orientation and
fossils. This was judged equivalent to
the Quincy Member.

{
254-355 2011-1910 Roza Member of lovest part of Vanapum

Formation. Interlayered vesicular to

textures from 254-315 ft: 312-348 ft con-
tains palagonite breccia zones with an

,

| especially prominent zone at 317-324 ft

|
incompletely filled with about 5% voids.
Thief zone shown and local caving dis-

closed by geophysical logging 320-330 ft.
At 349 ft, core orientation vas possible:

I
moderately fractured.,
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TABLE 3.2
DRILLING SUMMARY, BOREHOLE 3-C

(Continued)

Footage (ft Approximate
belov land Elevation Description
surface) (ft/MSL)

355-361 1910-1904 Sedimentary interbed green chloritized
tuffaceous expansive claystone locally
containing carbonized vood judged to be
equivalent to Vantage interbed of the
Ellensburg Formation. Extremely diffi-
cult to core drill due to svelling of
clays continued dellling was best
achieved using potassium chloride and
bentonite at 90+ cps viscosity.

361-480 1904-1785 Upper part of Grande Ronde Formation
basalt. Upper 1.5 ft intensely chlor-
itized as a rubbly paleoveathered zones
down to 372 ft contains abundant scat-
tered but large vesicles, thereafter only
scattered vesicles essentially dense

| basalt transitionally beginning about 380
| ft and continuing to total depth drilled,
I except for local internal vesicular hori-
'

zon 426.5-434.5 ft. Contains irregular,
lov-angle rough fractures, probably
colonnade cooling fractures but mainly
abundant, vavy, randomly oriented, tight
fractures of short continuity. Contains
sparse pyrite, chlorite, and manganese
oxides.
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packers vere installed in both boreholes set up vith hydrologic-monitor-
ing instruments for vater-level measurements over the vinter of late
1986 and early spring of 1987.

3.2 Geophysical-Correlation Analyses

This section contains excerpts from the conclusions / recommendations
section of Vood and Poeter (1986).

Stratigraphic correlations of the top of the Grande Ronde Formation and
the Roza Member and the Priest Rapids Member of the Vanapum Formation
are distinct within the Creston study area, because of the interbeds
which separate these units. However, characterizing the thickness and
distributions of aquifers within these major geologic basalt units
proved to be difficult. The vesicular flov tops of the basalt units
sampled from the core drilling vary in thickness over short distances in
the Creston study area.

However, effective fracture porosity was not addressed in this analysis.
It may be argued that fracture porosity is more important than primary
porosity in controlling groundvater flov. Communication betveen
vesicular zones may not occur unless fractures exist which connect the
zones. The difference between the effective fracture porosity and
primary porosity is difficult to delineate using the geophysical logs
recorded in this study. Drill-core analysis may also miss vertical
fractures if the drill bit penetrates the center of a columnar joint,
although it should be noted that borehole 3-C vas drilled at an angle
offset 10 degrees from vertical in an attempt to address this concern.
A basalt unit with high porosity as measured by geoph'ysical methods may
not be a prolific aquifer if it is not in hydraulic connection vith
other vesicular zones via fracturing. The converse also is true
although a given basalt unit may give every indication of being a dense
basalt with lov porosity, it may be in hydraulic connection with other
zones via vertical fractures. The delineation of vesicular flov tops

vas based on geophysical logging methods which are not sensitive to
fracture porosity verses vesicular porosity. Possibly the best

aquitards in the study area may be the clay interbeds, as indicated by
the head changes across these intervals during drilling and dovnhole
vater velocities measured by the flov meter. The relatively clay-rich
interbeds and the dense flow interiors tend to hydraulically isolate the
vesicular flow tops. Given the complex lithology, great care should be
exercised when making general comments about the characteristics of
specific aquifers in this area. Subsequently, planned aquifer tests
vill help to define where significant hydraulic communication occurs
between vesicular zones via fracturing.

The focus of this geophysical-correlation analysis was a ec2posite
geologic cross-section based upon geophysical logs from a total of five
vells or boreholes (Fig. 3.1). This can be compared to the more gen-
eralized geological cross section given in Fig. 2.31. A detailed
stratigraphic correlation between this analysis and other regional
correlations conducted by previous studies vould be useful, particularly
if this study vere to be extended to othet parts of the Columbia Plateau
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,

Region. The stratigraphic correlation depicted in Fig. 3.1 is tynta-
*

tive. In otder to be confirm the stratigraphy, a geochemical analysis
,

of selected core samples for the various basalt units has been recom-
! mended.

3.3 Basalt-Unit Testing
J

Vater-level monitoring instruments and pneumatic inflatable packers vere f

installed in boreholes 16-C and 3-C during late October 1986. Areal
vater-level measurements were surveyed during the period of October
21-26, 1986, and water-level monitoring in boreholes 16-C and 3-C begun
on October 22, 1986.

3.3.1 Vater-Level Monitoring |

"Hermit" data loggers (manufactured by In-Situ Inc.) and pressure
transmitters for recording vater-level changes over time vere set up in
Tera vell OV-2, the Dreger observation vell, and boreholes 3-C and 16-C.
Following the core drilling, further evaluation was judged useful to
assess static vater levels measured for the Roza Member and Priest
Rapids Member of the Vanapum Formation. Composite static vater levels
in October 1986 for boreholes 16-C and 3-C vere 19.0 and 14.4 ft belov
land surface, respectively, for open boreholes interconnecting the
Priest Rapids Member and the Roza Member of the Vanapum Formation. By
installing a pneumatic packer at the top of the Roza Member vith a
piezometer to the casing collar of each borehole, the hydraulic heads in
both of these basalt units could be reasured. Table 3. 3 compares
vater-level measurements befote and after packet installation.

,

TABLE 3.3 ;

LSTATIC VATER LEVELS MEASURED BEFORE AND AFTER INSTALL ATION OF
PACKERS AND PIEZ0 METERS, OCTOBER 22 .S, 1 %

Vater level (ft below ground surface)
Heasurement

point Before installation After installation

Borehole 16-C 19.0 ft (composite 32.2 ft (Ptiest Rapids Member)
Priest Rapids /Roza) 30.0 ft (Roza Member)

i

Borehole 3-C 14.4 ft (composite 5 0 ft (abnve casing collat) ,

| Priest Rapids /Roza) (Priest Rapids Morber)
29.0 ft (Roza Membet)

|

Dreger obs. vell n.a. 70.n ft (Roza Member)
Piezometer J-5

a

Tera vell OV-2 n.a. 7.25 ft (Ptiest Rapids Membet)'

r
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I

An apparent continuous claystone aquitard layer (the Vantage claystone) 1

occurs between the Roza Member of the Vanapum Formation and the Jrande
Ronde Formation basalts (see Fig. 2.31). Because the claystone likely
contains montmorillonite clays, the composite Grande Ronde Formation may
not influence appreciably the borehole hydrology, due to post-drilling
caving at the Vantage claystone.

The geophysical logs vere briefly revieved by Mr. T. R. Veber of VSU
prior to field installation of the packers. Temperature and f?.ovmeter
logs indicated a subtle interval of water loss at a depth of 172 ft
belov land surface in borehole 16-C. Vaters from above this interval
are flowing down and out of the borehole at this vertical position.
Simultaneously, vaters from below this interval are floving up and out
borehole 16-C at this vertical position. Field-measured temperature,
specific conductance, and pH at 125 ft and at 250 ft belov land surface
in borehole 16-C are shown in Table 3.4.

After packer installation (see Section 3.3.2), a Hermit vater-level mon-
itor and two 50-psi pressure transducers vere installed in borehole
16-C. These recorded the nev, formation-specific static vater levels in
the Roza Member (axial) and Priest Rapids Member (annular) pierometers.
The initial vater-level changes vare rapid and differentiated the 19-ft
composite head measured in the previcusly open borehole into the follov-
ing levels: 32.2 ft belov land surface for the Priest Rapids Member and
30.0 ft belov land surface for tne Rort Member (Table 3.3). A minor
thief zone exists at 172 ft belov srrface as shown by the geophysical

TABLE 3.4
FIELD MEASUREMENTS OF VATER QUALITY, BOREH0LES 16-C AND 3-C,

OCTOBER 22-25, 1986

Depth
belov
land Temper- Specific pH

Bote- surface ature conductance (std.
Basalt Member hole (ft) ('C) (umhos/cm) units) Comments

1

Priest Rapids 16-C 125 13.0 180 8.1 --

Roza 16-C 250 11.5 190 8.4 --

Priest Rapids 3-C* 102 12.5 140 7.6 Slight

iron
a taste

* No data vere taken in this borehole from the Roza aquifer because (a) it,

) vas inaccessible due to packet installation, (b) the overlying Priest
Rapids aquifet is flooding the lover parts of the botehole, and (c) at the

| palagonite zone of the Foza aquifer thiefing accounts for commingling and
loss of artesian vatets of both aquifers prior to packer installation.I
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logs. Before packer installation, vater entered the borehole from
aquifers in the lover part of the Roza Member. The placement of the
packer at the 228-ft Quincy aquitard nov restricts those vaters from the
borehole. On the other hand, vater levels above the Quincy packer are
depleted by the outflow capacity at the 172-ft thief zone which under
post-packered conditions results in a net head loss to the Priest Rapids
aquifer. The Hermit was programmed to measure water levels every 24
hours and then was secured in a locked steel box to the vellhead casing.
Vater-level monitoring is planned to extend at least through the spring
of 1987. These data contributed to the vellfield design (Chapter 5).

3.3.2 Packer and Piezometer Installation Details

Two complete packer assemblies (serial numbers 34B86-303 6 304) vere
obtained from the Aardvark Corporation of Puyallup, Vashington, for

field installation, with ancillary fittings, unslotted and slotted
1-inch schedule-80 PVC pipe.

Borehole 16-C. Tvelve 10-ft lengths of 0.028-inch slotted, 1-inch 1.d.
and one 10-ft length of unslotted schedule-80, flush-threaded and
bottom-end-capped PVC pipe vere connected to the 2-inch-diameter
(pre-inflated) packer base. Twenty-three 9.9-ft lengths and 4 ft of
unslotted 1-inch schedule-80 PVC pipe vere installed on the top of the
packer. A high-pressure nylen inflatior, tube <as taped and threaded to
this assembly to transmit 210 pounds per aquare inch (psig) nitrogen for
inflation of the packer. The packer was placed at 228 ft belov land
surface (2014 ft MSL) and, after inflation, confined the borehole for an
estimated 20 inches. Net confining presstre of the packer vas 125 psig.
At this position, the Priest Rapids Member basalt is relatively unfrac-
tured and dense, separated from the underlying Roza Member basalt by the
two-ft-thick Quincy claystone aquitard. A piezometer-installation
diagram for borehole 16-C is shovn in Fig. 3.2.

Borehole 3-C. Borehole 3-C vas found during the late-October 1986 field
survey to be blocked between 45 and 55 ft belov land surface. This

i

necessitated borehole re-entty using the track-mounted drill vith a
tri-cone bit. The Diamond Drill Contracting Company crev vas able to
re-open this constriction, which they determined was due to necked NX
casing. The borehole then was measured open to 300 ft below land
surface (approximately 1965 ft MSL). Geophysical logging had previously
revealed a 130 gallon-per-minute (gpm) aquifer beginning at 102 ft belov
collar. In addition, at approximately 320 ft, this flov left the
borehole (through vater loss) into an intraformational palagonite bree-

| cia. Four 10-ft sections of slotted, 1-inch, bottom-capped, schedule-80
1 PVC pipe vere placed belov the packer and tventy-five 9.9-ft sections of

unslotted, 1-inch schedule-80 PVC pipe vere placed above the packer.
Upon lovering the packer belov the high-volume aquifer at 102 ft b e l e'.
land surface, additional dovnvard force due to vater flov vas felt on
the packer and pipe string, which vas supported by nylon rope at the top
of the surface casing. The packer vas placed at 247 ft belov land
surface and inflated vith nitrogen at 200 psig. This depth position was
in slightly fractured, dense basalt of the priest Rapids Member, over-
lying the Quincy claystone aquitard (Fig. 3.3). Following inflation,
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Fig. 3.3. Packer placement and water-level monitoring, borehole 3-C.
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k

;

l the packer reversed the dovnvard vater flov and, as expected, a flov of :

about 30 gpo vas discharged from the 3-inch open easing. At the collar, ;
temporary cascading of annular vater into the axial piezometer produced ;

'

a vacuum. The net pressure inflating and supporting the packer was 93
psig. The vater was sampled field-measured values of this Priest :

Rapids Member aquifer sample are shovn in Table 3.4. The net discharge |,

may have been limited by artesian head and infiltration into the
!borehole vall above the aquifer.

A Hermit vater-level-data logger and two pressure transmitters (one
50-psi and one 100-psi) vere placed in borehole 3-C to record new static
vater levels in the Roza Member (axial) and Priest Rapids Member
(annular) piezometers (Fig. 3.3). The initial vater-level changes vere

!
rapid and differentiated the 14.4-ft composite head meawred in the :

; previously open borehole into these levels artesian to surface for the !
l Priest Rapids Member and 29.0 ft belov land surface for the Roza Member -

; (Table 3.3). The gtound surrounding the casing shoved vater flovs of
about 1 gpm. A modified casing cap vas designed to support the packer i

assembly in the event of packer deflation, to permit repositioning of |
the pressure transmitter, and to seal off 30 gpm artesian water at the
casing collar. Fig. 3.3 shows the borehole 3-C packer placement and
set-up for vater-level monitoring. !

'

some of the resultant vater-level monitoring data from boreholes 16-C
,

and 3-C from late 1986 are given in Fig. 3.4.'

Dreger Observation Vell. At this vell (T.25N, R.34e, Section 29) two
; miles south of the study area, an SE1000A vater-level monitor and a
1 100-pri pressure transmitter vere set at a depth of approximately 200 ft :

belov top of casing in piezometer 1111 (designated by the USGS as J-5). [
i A static vater level of 70 ft belov land surface vas measured on October >

j 22, 1986, and 163 ft belov land surface on December 1, 1986. This
j instrumentation was set to monitor Roza Member vater-level values in ,

this piezometer having a total depth of about 410 ft. The installation l

j diagram is shovn in Fig. 2.13 (p. 35). The SE1000A var replaced by a
' Hermit on December 2, 1986,
i i

Tera Vell OV-2. A similar set-up vas made at vell OV-2 drilled by the
'

,

| Tera Corporation (T.25N, R.34E, Section 9 located between borehi es |

t 16-C and 3-C; see Fig. 1.2) in the deeper piezometer (second shall.ov
aquifer) to monitor vater levels in the Priest Rapids Member of ':he j<

j Vanapum Formation. A static vater level of 7.25 ft belov ground level j
vas rnessured on December 1, 1986. An installation diagram for the ,

,| SE1000A vater-level monitor and 50-psi pressure transmitter for lera

j vell OV-2 is shown in rig. 3.5.

: Pecent vater levels measured in the Tera Corporation vells located
| throughout the creston study area as vell as in the Dreges observation
i vell piezometet J-5 are su marized in Appendix Table A 3.
1

i
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3.3.3 Vater Quality

Field measurements of water quality in boreholes 16-C and 3-C vere shovn
previously in Table 3.4. In general, specific-conductance values vere
relatively lov (ranging from 140 to 190 pmhos/cm), reflecting what was
expected from previously collected data (see Appendix Table A.4).

3.4 Barometric-Pressure Monitoring

Because of the elacticity of a confined aquifer like the Roza Member of
the Vanapum Formation, vater levels tend to fluctuate with changes in
atmospheric pressure. The barometric efficiency is defined as the ratio
of the change in water level observed in a well to the corresponding
change in atmospheric pressure.

Although the influence of barometric efficiency was not discussed in
In-Situ's technical proposal (In-Situ Inc., 1985), it is important to

recognize that the value of storage coefficient can be obtained through
a method other than the pumping test, to serve as a check for the
planned pumping-test results. Ve have, therefore, set up a barograph
on-site to monitor atmospheric pressure change continuously over time.
The barograph recording chart is replaced monthly, and the data collec-

, ted vill be used to verify the theory and to estimate a storage coeffi-
' cient for the Roza Member.

3.5 Straddle-Packer Slug Tests

A series of straddle-packer slug tests have been completed on borehole
16-C to obtain a vertical profile of hydraulic-conductivity variations
with depth in the Roza Member (Table 3.5 and Fig. 3.6). Fig. 3.6 indi-
cates that the hydraulic conductivity of the flov top (approximately the
first ten feet of the Roza Member) at this location is much greater than
that of the denser basalt in the interior zone of the Roza Member.

TABLE 3.5
HYDRAULIC CONDUCTIVITY VS. DEPTH, R0ZA MEMBER, BOREH0LE 16-C

4

Depth from surface Hydraulic conductivity

(ft) (ft/d)

|

| 230-243 6.49
| 240-253 0.03

250-263 0.07
260-273 0.27
270-283 0.09

; 280-293 0.11
290-303 0.13
300-313 0.10 |
310-323 0.07 |

320-333 0.11
330-343 0.16

,

,
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Fig. 3.6. Hydraulic conductivity profile, Roza Member, borehole 16-C.
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4. SELECTION OF THE R07.A MEMBER AS THE STUDY'S TARGET BASALT UNIT

Based upon the above-described assessment and evaluation of available
data and information, the Creston study area was judged to contain three
stratigraphic horizons in the Columbia River basalts that vere possible
candidates for aetailed hydrologic analyses in this study, namely the
basalts of the Priest Rapids Member and the Roza HerSer of the Vanapum
Formation, and the basalts of the Grande Ronde Formation. Each candi-
date lithologic unit was found to have a range of merits and drawbacks.
After careful consideration of all three stratigraphic horizons, the
Roza Member of the Vanapum Formation was selected as the target basalt
unit for this study. Salient points of the rationale for this selection
are provided in the following sections.

4.1 Comparison of the Priest Rapids, Roza, and Grande Ronde Basalts

In order to partially meet certain field-related aspects of the project
objectives, it was considered critical that the following conditions
characterize the selected basalt unit for the planned range of field

investigations:

o it should be a fractured, rather than a porous-dominated,
basalt;

o it should be a confined aquifer; and

o the test horizon should be saturated.

j The known geologic section of the Creston study area from land surface
to approximately 450-500 ft belov land surface, as derived from core
drilling at the study area (see Section 3.0 above), has been shown in
Figs. 2.32 and 3.1. The geologic sequence for this vertical geologic
profile may be summarized, in descending order by increasing age, as
follows:

Priest Rapids Member (Vanapum Formation) basalts
Quincy claystone
Roza Member (Vanapum Formation) basalts
Vantage claystone
Grande Ronde Formation basalts

The Priest Rapids Member basalts in the Creston study area are comprisedJ

of numerous thin upper flows which overlie thicker flovs. Several Tera
Corporation vells interconnect the so-called first and second shallow
aquifers ("flov top A" and "flov top B," respectively) (Tera Corpora-

tion, 1980, 1983b) found in the Ptiest Rapids Member basalts in some
parts of the study area (see Pigs. 1.2, 2.31, and 3.5). This inter-
connecting condition vould tend to discourage the study's proposed -

hydrologic testing in this basalt member. Also, this relatively shallov
basalt unit is likely to be more influenced by annual meteoric recharge
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cultural effects of the irrigated croplands within the Sinking Creek
drainage basin. Prior hydrologic monitoring and pumping tests of the
Tera Corporation vells provide baseline hydrologic data and information.

for the Priest Rapids Member over about a five-year period (see Table
2.4 and Appendix Table A.4). This basalt unit has the greatest apparent
fracture density in the drill core of the possible basalt units investi-
gated for this study. The 2-ft-thick Quincy claystone does form a lover
confining boundary to the Priest Rapids Member. Recent packer emplace-
ment and vater-level measurements indicate in boreholes 16-C and 3-C
that the Priest Rapids Member basalts are characterized by artesian
heads at selected locations. Although the Priest Rapids Member may
include a tectonic structure at borehole 16-C, which is desirable for
purposes c2 this study, the lack of upper confinement, the expected
variation in vater levels, and the existence of an apparent minor zone
of short-term vater loss during drilling veighed against the selection
of this basalt unit.

The Roza Member basalt unit is composed of fever, thicker flovs than the
Priest Rapids Member basalts. The upper part of the Roza Member is con-
fined by the Quinev claystone and the lover part by the Vantage clay-
stone, averaging a;out 4 ft in thickness. This basalt unit exhibited
the least amount of fracturing of the three core-drilled basalts (see
Section 3.0). The very uppermost flov interval was characterized by
local interconnection between vesicles and along the paleoveathered
rubblized basalt flov top. Recent packer emplacement and vater-level
measurements indicate the Roza Member aquifer is under confined condi-
tions. Localized relatively narrov intervals of short-duration water
loss during drilling may be associated with restricted, open intra-
formational palagonite broccia zones. Additional merits of the Roza
Member include its relatively high (locally artesian) vater level and

,

relative geologic simplicity reflected by the presence of a single
basalt flov in the area of T.25N, R.34E, Section 16 (as characterized by
the core obtained from borehole 16-C), which tends to reduce some of the
uncertainty in hydrogeologic characterization of this basalt unit. Both
geologic and hydrologic conditions of the Roza Member reflect certain
idealized boundary conditions for the computer-model analyses antici-
pated for this study. Although it initially appears that the Roza
Member basalt unit lacks a tectonic structural feature, the Roza Member
conforms better than the Priest Rapids Member to the stated objectives

'

of the study because it appears to be saturated throughout its confined
thickness and is segregated by upper and lover confining zones.

The Grande Ronde Formation is composed of one to four basalt flovs and
is moderately fractured in the Creston Study area. Based upon core
available from boreholes 16-C and 3-C (see Section 3.1), the uppermost
vesicular flov segment exhibits local interconnection between vesicles.
This formation locally contains a prominent "thief zone" in the Creston
study area which could negate the saturated characteristics of the test
unit desired in the study. The composition of the overlying Vantage

| claystone suggests a high montmorillonite content evidenced by svelling
characteristics and further demonstrated by caving and drill-string
seizure during core drilling (see Section 3.0). Due to the designed
depth limit of core drilling performed for this study, the existence of
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a lover confining lithology is unknown, although the Vantage claystone
vould certainly form an upper confining horizon to the Grande Ronde
Formation. The Vantage claystone vould cause significant difficulty
during vell drilling that also could require special conditions for

successful vell completion, if the Grande Ronde Formation vere selected
for testing.

Our preliminary field investigations yielded the following information
regarding the Roza Members

Average hydraulic conductivity in the Roza Member - 0.3 ft/ dayo

o Hydraulic conductivity of the flov top - 7 ft/ day
o Thickness of the Roza Member - 130 ft
o Thickness of the flov top - 10 ft

o Depth of the Roza Member - 230-360 ft belov land surface
o Depth of the flow top - 230-240 ft belov land surface
o Hydraulic gradient = 15 ft/mi, generally in a southwest direc-

tion

o Natural groundvater flov - 180 ft/yr

o Static vater level is approximately 20 ft below land surface
during the nonitrigation (vinter) period

o Available dravdown for pumping is approximately 200 ft

In summary, the Roza Member of the Vanapum Fornation, especially
underlying the southern part of the Creston study area at T.25N, R.34E,
Section 16, appears most favorable based upon existing data and informa-
tion for subsequent hydrologic testing because of the following factors:

o it is expected to be minimally affected by nearby water-
supply wells (including those with open holes interconnecting
more than one aquifer;

o it is saturated;

o it may be characterized as a lover f racture f requency basalt
as opposed to overlying, higher fracture frequency basalts
which may approach characteristics of an effective porous
medium;

o it is flanked by claystones having relatively lov hydraulic
conductivities;

o it is at a moderate depth for vellfield construction; and

o it appears to be less likely than the Priest Rapids Member to
affect and be affected by local seasonal (mid-May through
mid-September) irrigation pumping.
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4.2 Drilling Logistics and Vell Costs

Core drilling shoved some complicating hydrologic characteristics at
borehole 3-C. High artesian flows vere measured in the Priest Rapids
Member basalt. Also, the Roza Member basalt at borehole 3-C contained
an interval of moderate water loss during drilling (a so-called "thief
zone"). The Vantage claystone was difficult to core drill, due to its
montmorillonite composition. This interbed is believed to have
subsequently caved in borehole 3-C and prohibited hydrologic evaluation
of the Grande Ronde Formation basalt in borehole 3-C and likely in
general in the Creston study area.

At borehole 16-C, in contrast, the upper two basalts are relatively free
of these complicating basalt-unit conditions. The Vantage claystone
caving was duplicated at this borehole as well, and the Grande Ronde
Formation interval contains a major "thief-zone" interval.

Additional considerations against using the Grande Ronde Formation arise
from fever baseline data, unknown thickness of the basalts, and unknown
aquifer confinement of the Grande Ronde Formation at the Creston study
area. Vellfield costs vould be highest in the Grande Ronde Formation
basalt unit, and, if this horizon vere to be used, vells might have to
be partially penetrating in possibly unsaturated basalts.

Table 4.1 summarizes known basalt characteristics at borehole 16-C,
where the Priest Rapids Member and Roza Member basalts are present. The
Grande Ronde Formation characteristics are included in the table for
purposes of comparison.

|

i

I
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TABLE 4.1
SELECTED CHARACTERISTICS AT BOREHOLE 16-C

Priest Rapids Roza Grande Ronde
Characteristic Member Member Formation

Elevation 2245 ft MSL 2015 ft MSL 1880 ft MSL
'

Thickness 227 ft 132 ft >> 90 ft

Veathered section 40 ft 15 ft i ft

Fractured section 187 ft 117 ft 89+ ft

Fracture frequency 4 per ft 3 per ft 9 per ft

Upper aquitard None 2' claystone Unsaturated

Lover aquitard 2' claystone 4' claystone Not drilled
to depth

Tectonic intercept Tight fault (?) None Open fault
,

Thief zone Minor None Major

Nearest vell (distance) P-3 (10,000')* H (12,000')** H (12,000')**

Vater level, 12/1/86 27.8 ft 25.3 ft Inaccessible -

Approximate cost for 6" $4,200 $6,700 >$8,000
cased well

i
* See Fig. 1.2 and Table 2.1.

See Fig. 2.10 and Table 2.2 (Hervin Houger well T.25N, R.33E, Section**

02, code C01)..

i
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5. VELLFIELD DESIGN AND BASALT-UNIT TESTING PROGRAM

This section summarizes a preliminary plan for vellfield design for
field pumping tests and tracer tests in the 130-foot-thick Roza Member
of the Vanapum Formation at the Creston study area. This material is
extracted from a previously submitted interim document (In-Situ, Inc.,

1987a). This wellfield design and testing program have since been
implemented, and results of these field investigations constitute the
topic of a separate project report.

The objectives of the preliminary wellfield design were:

1. to obtain the directional hydrologic properties of the Roza
Member,

2. to obtain information on scaling effects for t'he Roza Member,
and

3. to gain the maximum hydrologic information with a minimum
number of vells (some vells vill be used for both pumping
tests and tracer tests) and within a reasonable amount of
time.

In order to satisfy these objectives, we have performed, or are in the
process of completing, preliminary testing, which includes:

o coring of borehole' ad 16-C to study the stratigraphy of
the Priest Rapid a Members of the Vanapua Formation
and the upper Gra.. t avnde Formation (described in Chapter 3
above),

o measuring static vater elevations in boreholes 3-C and 16-C
and in the Dreger observation vell in December 1986 to
estimate the natural regional groundvater flov gradient for
the Roza Member aquifer (described in Chapter 3 above).

conipleting a series of straddle-packer slug tests on boreholeo
16-C to obtain a vertical profile of hydraulic conductivity
vith depth in the Roza Member (see Chapter 3 above).

o monitoring vater-level changes in the Roza Member and the
Priest Rapids Member using the continuous vater-level
recorders installed in four study-area vells (see Chapter 3

above).

o collecting vater samples from the Roza Member to characterize
certain specific baseline water-quality conditions.
Especially important are baseline analyses of sodium, potas-
slum, and chloride concentrations, because Ecl and/or Nacl
are proposed for use as tracers (see section 5.2 below).
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5.1 Pumping-Test Design

Fig. 1.2 (p. 6) shovs the location of the recently completed wellfield
for project-related hydrologic testing, and Fig. 5.1 shows the proposed
conceptual vellfield design for the field tests discussed in this

chapter. The design was based on information collected from preliminary
tests (including coring, straddle-packer slug tests, and water-level
measurements) and from literature research. Ve judge that the design
should be of adequate detail to achieve testing objectives as outlined
in the project's Technical Proposal (In-Situ, Inc., 1985).

There are several criteria to be observed in designing a wellfield for
pumping tests for aquifer characterization of the Roza Member; these
include pumping rate, dravdown, test duration, radius of influence of
pumping, and other testing restrictions.

5.1.1 Pumping Rate

For purposes of preliminary vellfield design, an adequate pumping rate
was estimated to be about 50 gpm vith approximately 200 ft of head; use
of a Model GHB Red Jacket submersible pump and a 7.5 horsepover motor
was recommended. A minimum vell diameter of 6 inches vould be required
in pumped vells for this testing. The uncertainty in maximum pumping
rate as a function of transmissivity foi the Roza Member is shown in
Figs. 5.2 and 5.3. Pumping rate is the one factor that can be control-
led; so long as the pumping rate remains constant during the duration of
the test, the analyses for characterizing transmissivities and storage
coefficients based upon pumping dravdown vill be the same whether the
well is pumped at 50 gpm or at 30 gpm.

5.1.2 Dravdown

Fig. 5.4 shows the hypothetical distance-dravdovn curve based on a
pumping rate of 50 gpm. Based upon this preliminary design, a dravdown
of more than 10 ft was expected in the piezometric surface of the Roza
Member aquifer at a distance of 1000 ft. This anticipated dravdown is
well within the capabilities of an automatic data recorder (In-Situ's
Hermit) and pressure transmitter (with resolution of 0.01 ft). Drav-
dovn is directly proportional to pumping rate, i.e., if the pumping rate
vere to be increased twofold, the dravdown vould double.

5.1.3 Test Duration

Fig. 5.5 shovs minimum test duration as a function of observation-vell I
'

distance. Although the vater levels in the observation vells in the
Roza Member are expected to respond quickly to pumping, a unique
solution to obtain aquifer characteristics vould not be possible until
the minimum test duration is achieved. For example, based upon a
hypothetical pumping rate of 50 gpm and current transmissivity estimates
for the Roza Member aquifer, an estimated minimum of 66 hours of pumping
would be required for well 16-2, which is about 1000 ft from the
proposed pumping vell 16-3, to respond. Therefore, a pumping test

duration of three days was recommended.
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5.1.4 Radius of Influence of Pumping

The radius of influence indicates hov large an area a given pumping test
might cover. For example, from Fig. 5.6, a three-day pumping test would
cover an area with an estimated radius of 2200 ft for the assumed hy-
draulic characteristics of the Roza Member.

5.1.5 Other Testing Restrictions

In order to obtain directional hydraulic conductivity, a minimum of
three observation vells located at different directions from the pumped
vell vould be required. Thus, all the observation vells in our well-
field design vould be located at different directions to gain maximum
information on directional hydraulic conductivity of the Roza Member
aquifer, the recommended test horizon.

5.1.6 Summary

A conceptual vellfield design based on these considerations is shown in
Fig. 5.1. Upon review of the preliminary design and recommendation by
the NRC, two additional wells vere incorporated into the vellfield to
monitor hydraulic confinement by the Quincy and Vantage claystones.
Dravdovn in the overlying Priest Rapids Member aquifer (vell 16-8) and
the underlying Grande Ronde formation aquifer (vell 16-9) would indicate
hydraulic connection with the Roza Member aquifer. This design combines
the necessary requirements of tracer testing and pumping tests for
aquifer characterization.

| Three pumping tests were proposed, with configurations and estimated

| conditions as given in Table 5.1.
|

|
' 1ABLE 5.1

PROPOSED PUMPING-TEST CONFIGURATIONS AND DURATIONS

| Pumping Observation Pumping Pumping Recovery
| Test vell vells rate duration duration

Preliminary 16-3 16-1 16-2 50 gpm 1 day 2 days
Pumping Test borehole 16-C (est.)

Pumping 16-3 16-1 16-2 16-4 50 gpm 3 days 5 days
Test 1 16-5 16-6 16-7

16-8 16-9
borehole 16-C

Pumping 16-7* 16-1 16-2 16-3 50 gpm 3 days 5 days
Test 2 16-4 16-3 16-6*

16-8 16-9
borehole 16-C

* Reflects a change from the originally submitted wellfield design,
for reasons that will be discussed in a forthcoming interim report.
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5.2 Tracer-Test Design

De Josselin de Jong (unpublished notes, 1972) derived equations to cal-
culate the directional dispersion coefficient in anisotropic aquifers,
based upon the results of the field tracer test. The method requires

'

the injection of an instantaneous tracer slug into an upstream injection
well. An intermittent schedule of staggered tracer slugs (at approxi-
mately thirty-day intervals) may be used. Time-concentration informa-
tion in the groundwater in at least two downstream observation -vells
then vould be recorded.

In designing the vellfield for the proposed tracer tests in the Roza
Member aquifer, the following four factors vere considered natural
groundwater flow, dilution factor, instrument detection limit for
candidate tracers, and fracture frequency.

The velocity of groundwater flov is a key factor guiding the relative
locations of the inj ec tion vell (upstream) and the observation vells
(downstream), and the expected duration of the tracer tests. Based on
an estimated groundvater velocity for the Roza Member of 180 ft/yr, a
vell spacing of less than 100 ft should enable two or three tracer tests

to be completed within approximately six months, based upon preliminary
available data on hydraulic conductivities. Vith In-Situ's programmable
data logger and dov.nhole conductivity probe, the time-concentration data
in the observation wells can be recorded automatically; thus, a number '

of one- or two-month tracer tests may be performed in a timely manner
and very cost-effectively.

Guidelines in determining the initial tracer concentration, as well as
approximate tracer concentrations at various well spacings, c.o be de-

.

rived frot the instrument detection limits. The representative tracer
dilution factors, read from Figs. 5.7 and 5.8, vill also provide tracer
concentrations. The salt tracers planned for use are potassium chloride
(kcl) and sodium chloride (Nacl), because either of these can be easily

, detected by our conductivity probe and they were environmentally accept-
! able to the Vashington State Department of Ecology.

Table 5.2 summarizes the approximate expected concentration and dilution
factors for sodium chloride at various distances and at two different
angles from an injecticn vell. A tracer test using multiple slugs is

! recommended, in conjunction with use of In-situ's data-logging instru-
' mentation, conductivity probes, and pressure transmitters.

The fourth factor to be considered in designing a ve11 field for tracer
tests is the fracture frequency. In order to obtain the true in-situ
dispersion coefficient, vell spacing should be at least one order i

of magnitude larger than the fracture spacing. Based on the results of
the drill-coring program, the fracture frequency in the Roza Member is

| approximately 3 to 4 fractures per foot, thus dictating a recommended
| minimum well spacing of 10 ft.
|
t
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Fig. 5.7. Estimated tracer-dilution factor with 0 = 0'. V = initial
volume of injected tracer; C = concentration of injected tracer; C =

***
,

'

maximum tracer concentration observed in the observation vells.
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volume of injected tracer; C - concentration of injected tracer; C =
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TABLE 5.2

APPROXIHATE EXPECTED INCREMENTAL CONCENTRATION AND DILUTION FACTORS
FOR S0DIUM CHLORIDE AT VARYING DISTANCES AND ANGLES

FROM AN INJECTION VELL

Distance from injection vell to observation vell (ft)

Detection
unit 30 60 100 180

0 - 0'

mg/l 780 340 200 110

meq/1 13.4 5.8 3.4 1.8
pS/cm 1600 680 380 190

Dilution factor
(Fig. 5.7) 0.002 0.0009 0.0005 0.0003

0 - 25'

mg/l 430 120 36 6.4
meq/1 7.3 2.1 0.61 0.11
US/cm 880 240 70 11

Dilution factor
(Fig. 5.8) 0.001 0.0003 0.0001 0.00002

Notes: Molecular veight of Nacl = 58.44 g/ mole.
Solubility of Nacl at O'C - 35.7 g/100 ml.
Assumed volume of injected tracer, V - 10 gallons.
0 . deviation from direction of groundwater flov (see Fig.

5.7 or Fig. 5.8).

Fig. 5.1 shows the design of the vellfield to be used for the tracer

tests (vells 16-4, 16-3, 16-5, 16-6, and 16-7). The initial tracer test

is proposed using well 16-4 as an injection vell (vith a single slug or
multiple slugs of kcl or NaC1) and wells 16-3, 16-5, 16-6, and 16-7 as

observation vells. Additional tracer tests may be run, possibly using
Amino-G as a tracer and with pulsed rather than a single slug of tracer.

5.3 Vell-Drilling Program

A two-phase approach to the vell-drilling program vas proposed. Phase 1
vas to consist of percussion-hammer drilling, coring, and logging of
vells 16-1 and 16-2 (Fig. 5.1) down to the bottom of the Roza Member,
and obtaining vertical profiles of hydraulic conductivity by performing
a series of straddle-packer slug tests. It is assumed that the flov top

would constitute the dominant zone for the transport of potential

groundwater contaminants. However, ve proposed to complete all vells
(vells 16-1 through 16-7, Fig. 5.1) fully penetrating the Roza Member.

i

l

i
,
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After drilling wells 16-1 and 16-2, vells 16-3, 16-8, and 16-9 vere
drilled and completed. The top-of-casing elevations of new wells 16-1,
16-2, and 16-3 and existing borehole 16-C then vere surveyed and the
static vater-level elevations (referenced to mean sea level) measured.

After drilling these three Phase 1 vells, a preliminary one-day pumping
test was run using vell 16-3 as the pumped vell and vells 16-1 and 16-2
and borehole 16-C as observation vells. This test was designed to
provide information on hydraulic conductivity, hydraulic gradient, and
groundwater velocity. The latter hydraulic characteristic is particu-
larly important in designing a wellfield for a tracer test. Based upon
the results of this preliminary pumping test, the locations of proposed
vells 16-4, 16-5, 16-6, and 16-7 vere adjusted so that the tracer injec-
ted into well 16-4 might more readily be observed in vells 16-3, 16-6,
and 16-7 within a "reasonable" period of time (days rather than months).

Phase 2 of the program was planned to consist of drilling vells 16-4,
16-3, 16-6, and 16-7. Af ter completiori of these vells, two pumping

tests (described in Section 5.1 above) and one tracer test (described in
Section 5.2 above) vere performed using these Phase 2 vells.

All Poza Member vells completed according to the wellfield design in
this plan vere to be cased with a 6-inch 1.d. blank steel casing and
pressure-grouted throughout the Priest Rapids Member, to enable all
vells to accommodate the submersible pump for contingency pumping. A

preliminary schedule of vellfield drilling, completion and testing is
shown in Table 5.3.

Three reasons partially motivated the scheduling of vill drilling for
this research vellfield, which was begun during the second veek of
Februar:y 1987. These are

o frozen overburden, allowing off-road overweight drilling-rig
access until approximately rsid-March,

o the off-faassn of vell drilling for contractors may provide
an incentive for lover competitiva bids, and

o minimal chance that wellfield vater levels vould be affected
by irrigation season pumping, expected to begin in mid-May
1987. I

1

The two proposed pumping wells (16-3 and 16-6) were completed as shown
in Fig. 5.9, except for minor modifications. Also, it should be noted

that use of vells 16-6 and 16-7 vere reversed for the second pumping
test. One of these completed vells vill be released to the State of
Vashington for livestock vatering after cessation of our project field
testing.

Five observation vel?o (16-1, 16-2, 16 4, 16-3, 16-7) were completed as
shovn in Fig. 5.10. Two of these wells (16-1 and 16-2) vere percussion-
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Fig. 5.9. Pumping-vell schematic.
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Fig. 5.10. Observation-vell schematic.
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hammer drilled through the Priest Rapids Member basalt and then NX-
diamond-core-drilled (3-inch), as discussed above.

Following completion of project field testing, all test wells except the
released water well vill be abandoned (that is, plugged and grcuted) in
compliance with the State of Vashington Department of Ecology water-vell
standards.

5.4 Vellfield Development and Hydrologic Testing

Completion of field tasks required a coordinated sequence of drilling,
completion, and surveying within a time frame discussed in Section 5.3
and shown in Table 5.3. Evaluation of hydraulic-conductivity profiles,
hydraulic gradient, and groundvater selocity for the Roza Member aquifer
vere planned to be completed by about May 15, 1987, prior to the onset
of the normal irrigation pumping season. Fig. 5.11 is a flow diagram
depicting the planned sequence of vellfield development and hydrologic
testing.

The vell-drilling contractor (Allbery Drilling Corporation of Spokane,
Vashington) supplied the percussion-rotary drilling rig, the well-
service truck, pump, motor, standpipe, flov-control valve, flov meter,
pover supply, and discharge pipe. In-Situ staff monitored the three
pumping tests using the equipment listed in Table 5.4. A typical
example of an equipment configuration is shown in Fig. 5.12 for the
preliminary pumping test, using one pumped vell and three observation
vells.

After completion of the vellfield pumping and recovery test, tracer
tests vere started. Tracer injections have taken place in upgradient
vell 16-4 and have been monitored in appropriate downgradient vells.
The initial test involved injection of the tracer sodium chloride (Nacl)
in the Roza Member flov top; hydraulic conductivity of aost of the Roza
Member had been profiled prior to tracer injection in the nearest down-
gradient vell (16-3). A second tracer test involved injection of the
tracer potassium chloride (kcl) in the dense basalt interior of the Roza
Member, using the same vell combination (16-4 for injection, 16-3 for

initial detection). Vater levels also vere continuously monitored (at
1-br intervals) in selected wells to detect changes in hydraulic
gradient that may be induced by irrigation during the course of the
tracer tests.
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TAQLt 5 3

PREL1MINARY WEL1 FIELD DEVEL0PMENT AND TESTING 3CHEDULE

Day well 16-1 Well 16-2 Well 16-3 Well 16-4 Well 16-5 Well 16-6 Well 16-7 All wells to date

1 Drill (w)
2 Set easing (w)

3 Grout (w)

4 Grout Drilitw)

5 Greut Set easing (w)

6 Core (d) Grout {w)
7 Core (d) Creut Drill (v) |
8 Cote (d) Grout Set eosing(w) | Survey (s)

9 Core (d) Core (di Grout (w)
10 H-C testti) Core (d) Grout

11 H-C t est t i) Core (d) Grout

12 Core (d) Drill R(w)

13 H-C testtil Geophys(g)

14 H-C testti) Analysis (i)

15 Pump test (1)

16 Drill (w)

17 Set easing (w)

18 Grout (w)
19 Grout Drill {w)
20 Grout Set easing (w)

21 Grout {w)
22 Grout Drill (w)

23 Grout Set easing (w)

24 Grout (w)

25 Grout Dr!11(w)
26 Grout Set easinglw)

27 Grouttw)

28
--

Drill R(w) Grout
...

29 Drill R(w) Grout

30 Drill R(w)
3

31 | Drill R(w)

32 Geopcystg)

33 Pump test (w)

34 Pump test (tw)

35 Pump test (1)
'

36 Pecoveryta)

31 Pecoveryti)

39 P ecove ry (i )

37 Pecove ry( i l

40 Recove ry ( i )

41 Pump t e s t (w )

42 Pump test (1w)

43 Pump t e s t (1 )

44 Pecovery(i)

45 Pe cove ry l i )

46 Pe cove ry( 1 )

47 Re cove ry( 1 )

48 Pe cove ry ( 1,w)

49
Tra:efi)testsbegin

Feyr d: 3-nsn diamend drilling erew, truck meunt rig, water truck P: Pora Merter basalt -230'-360', all grout in Priest
Papids Monter tasalt

g: te rehele geepFysieal legger
s: 2-wan land survey crew

F draulic tenductivity prefalo in Peta Merk*r tasalt usingN-C:
skra$11e-peeker slug test w: 2-man drilling crew, rotary-percussion rig, pump

service truck
1: In-Situ Inc staff
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DRILL AND CORE
VELL 16-1 TEST R02A

IlYDRAULIC
CONDUCTIVITY

DRILL AND CORE TEST R0ZA
VELL 16-2 HYDRAULIC

CONDUCTIVITY

DRILL AND COMPLETE
VELL 16-3 VELL SURVEY

16-C, 16-1,
16-2, 16-3

MEASURE STATIC
VATER LEVELS

I
1

DETERMINE
HYDRAULIC GRADIENT

PRELIMINARY PUMP TEST
F.V. 16-3
0.V. 16-C,16-1,16-2

DETERMINE
GROUNDVATER VELOCITY

REFINE TRACER
VELL LOCATIONS

DRILL AND COMPLETE
VELLS 16-4, ,

16-5,
16-616-7, PUMP TEST 1

P.V. 16-3
0.V. 16-1,16-2 16-4
16-3,16-6.16-7,,16-C

PUMP TEST 2
P.V. 16-6
0.V. 16-1 16-2,16-3
16-4.16-5,,16-7,16-C

TRACER TEST:
CHEMISTRY AND

CONDUCTIVITY

Fig. 5.11. Ve11 field development and hydrologic testing sequence.
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TABLE 5.4
PUMPING-TEST EQUIPMENT REQUIREMENTS

PRELIMINARY PUMPING TEST Pumping well: 16-3
Observation vells: 16-1, 16-2, 16-C

Special requirements r to start of teet):
Survey elevations ap of casing
Determine top and bot (om elevations of test intervals

,

Accurately measure static water-level elevations to top of casing '

Equipment: 4 SE1000 data loggers
1 Transmitter 100 psi vith standard 500-ft cable
2 Transmitters 50 psi
1 Transmitter 10 psi
1 Acoustic sounder (1 01 ft accuracy)0
1 Electric tape

PUMPING TEST FO. 1 Pumping vell: 16-3
Observation vells: 16-1, 16-2, 16-4, 16-3, 16-6,

16-7, 16-8, 16-9, 16-C
,

Equipment: 1 SE200 data logger
2 SE1000 data loggers
1 Transmitter 100 psi with standard 500-ft cable
5 Transmitters 50 ps!
1 Transmitter 10 psi
1 Acoustic sounder (3 01 ft accuracy)0
1 Electric tape

PUMPING TEST NO. 2 Pumping vell: 16-7*
Observation vells: 16-1, 16-2, 16-3, 16-4, 16-5,

16-6*, 16-8, 16-9, 16-C

Equipmenti 1 SE200 data logger
2 SE1000 data loggers
1 Transmitter 100 psi vith standard 500-ft cable
5 Transmitters 50 psi
1 Transmitter 10 psi |

1 Acoustic sounder (3 01 ft accuracy)0
1 Electric tape

!

|

Represents a modification of the initial design (In-Situ, Inc., 1987).*
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Fig. 5.12. Pumping-test instrumentation corfiguration.
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6. IlfrEGRATION OF FIELD INVESTIGATION 3 AND OTHER PROJECT TASKS

6.1 Theoretical Investigations

The theoretical aspects of effective porosity, large-scale dispersion
coefficients, and matrix diffusion are to be incorpo' rated into certain
aspects of completed, ongoing, or planned field investigations involving

;

the research vellfield. Specifically, aspects of effective porosity and
dispersivity are being tested using injected salt-tracer solutions into
selected .ntervals of the Roza Member of the Vanapum Formation. Pre-
liminary field testing of matrix diffusion of the Roza Menber has been
conducted. It is hoped that field tests vill be interrelated to a

.

computer a.lgorithm for matrix diffusion based upon best estimates of
travel time in this basalt unit.4

6.2 Computer-Modeling Analyses ,

Both continuum and discrete-fracture models are being developed and/or
evaluated in conjunction with field-generated data from the research
vellfield. In the case of the discrete-fracture models, emphasis is
being placed on the probability distribution of each of the primary

3

parameters of these models. Also, from the borehole core, estimates of
frac.ure characteristics (aperture, spacing, and direction) are being -

obtained.

4

l
,

2

+

'

:
i

e
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Division Supervisor, Resource Management
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N. 4601 Monroe, Suite 100
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(509) 456-2926

Hr. Roy A. Anderson
District Geologist
Eastern Regional Office

*N. 4601 Monroe, Suite 100
Spokane, Vashington 99205-1295

Linda Vincent
Publications
MS-PV 11
Olympia, Vashington 98584

2. State of Vashington Department of Social and Health Services

Mr. Tom Justus
Vest 924 Sinto Avenue, L32-4
Spokane, Vashington 99201-2595
(509) 456-2453

3. Battelle-Pacific Northwest Laboratory

Dr. Everett A. Jenne
P.O. Box 999
Richland, Vashington 93456
(509) 375-6869

Dr. Charles R. Cole
PS Building 3000 Area
Richland, Vashington 98195
(509) 375-

4. U.S. Geological Survey, Vater Resources Division

Mr. Rod Villiams, Hydrology Section Chief
Mr. John J. Vaccaro, Project Chief
Mr. Henry H. Bauer, Hydrologist
Mr. Villiam C. Steinkampf, Geochemist (transferred to Denver 2/87)
One Vashington Plaza Building
1201 Pacific Avenue, Suite 600
Tacoma, Vashington 98402
(206) 593-6510
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TABLE A.2

DOE INVENTORY SUMMARY, VELLS VITH DRILL LOGS

Tow n s hip /Ra n ge

Sec t ion-Oe scr ip t ion L oca t ion 0.ner Description hell Certh (ft!

24/32-10 NE 1/4 of NW 1/4 of Nn 1/4 Wilbur Securi ty Company 747

24/32-11 SE 1/4 a llbur Securi ty Company 471

24/32-11 NE 1/4 of NE 1/4 w libur Securi ty Company 582

24/32-24 NE 1/4 of NE 1/4 Tom Ha g ga r ty 562

24/32-24 NE 1/4 of NE 1/4 of NE 1/4 E.C. W a gner 425

24/32-26 N E 1/4 o f N a' 1/4 alleur Securi ty Company 300

24/32-26 Nd 1/4 of SE 1/4 Wilbur Securi ty Company 551

24/32-30 NW 1/4 of Sn 1/4 Wilbur Security Company 766

24/32-30 Nd 1/4 of $d 1/4 W ilbur Securl ty Company 93 0

24/32-35 NW 1/4 of SE 1/4 wilbur Securi ty Company 635

24/33-18 SE 1/4 of NE 1/4 Alvi n Schmierer 350

24/33-23 SE 1/4 of SE 1/4 of SW 1/4 Alvin Schmierer 1025

24/33-32 N 1/2 Alvin Schmierer 28 0

24/34-3 Sa 1/4 of Sa 1/4 Ancy Rustevryer 305

24/34-23 300' nest of Center Dale M. Bly 51 7

24/34-23 a 1/2 mescale Farms $96

24/34-2B SE 1/4 of Na 1/4 Donnel l D. Looney 444

24/34-30 2 1/4 of SE 1/4 Ne a le y industries Inc. 775

24/36-2 Sa 1/4 of SE 1/4 Reuben/Maurice Fina 61 0

24/36-2 n 1/2 of N 1/2 Reu be n F i na 50 6

|

| 24/36-2 SE 1/4 of SE 1/4 Maurice Fina 40 0

| Table A.2 Sheet 1 of 8
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TABLE A.2

DOE INVENTORY SUMMARY, VELLS VITH DRILL LOGS (continued)

To.nsh ip/Ra nge
Section-Cescription Loca tion Owner Description Well Depth ( f t)

24/36-2 NS (2) of SW 1/4 Reuten/Maurice Fink 165

24/36-3 ha 1/4 of ha 1/4 Reuten/Maurice Finx 125

24/36-11 SE 1/4 of NW 1/4 George Scharf f for 43 5

Mrs. R.H. Scharff

24/36-14 SE 1/4 of NE 1/4 Mliton Hardy 70

24/36-16A WelI Hycrograph 74 4
-

25/32-1 SW 1/4 of SW 1/4 William Dreger 575

25/32-1 SW 1/4 of SW 1/4 W 1111am Dreger 100

25/32-2 SE 1/2 W1111 vn Oreger 200

25/32-12 SE 1/4 of SE 1/4 Dale Wegner 427

25/32-12 E 1/2 of SE 1/4 Clarence Wagner 165

25/32-16 NW 1/4 of N~n 1/4 John McKay 220

25/32-17 hE 1/4 of SE 1/4 T heria s Q u irk 300

25/32-26 NE 1/4 of NE 1/4 of hp 1/4 Pa trien J. Quirk 90 0

25/32-26 NE 1/4 of hE 1/4 of SE 1/4 Jchn magner 40

25/32-26 S's 1/4 of SW 1/4 of NE 1/4 Pa tr i c k J. Quirk 650

25/32-28 SE 1/4 of SE 1/4 Archie Schroemr 417

25/32-32 SE 1/4 of NE 1/4 Cre ignton Sher.ood 498

|
25/32-35 SE 1/4 of S. 1/4 allbur Securi ty Cmpany 58 7 |

25/32-35 SE 1/4 of Sa 1/4 a llbur Secur i ty Cospa ny 1139

25/33-1B matter Tlegs 60
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TABLE A.2

DOE INVENTORY SUMMARY, VELLS VITH DRILL LOGS (continued)

Vo nship/ Range
Section-Description Loca ti on 0.ner Description mell Depth (ft)

25/33-4 N. 1/4 =11IIam Dee p r 100

25/33-4 Governmat Lot 4 willlam Dro pr 50 5

25/33-4 Nd 1/4 of Nw 1/4 william Ore p r 925

25/33-4 Gover n-en t Lot 4 m il llam Dreger 355

25/33-4 Nd 1/4 willlem Dro pe 520

25/3F7 N .' 1/4 of NE 1/4 willlem Drepr 36 0

25/33-7 SE 1/4 of NE 1/4 william Oreger 100

25/33-7 SE 1/4 of NE 1/4 w!Illem Orepr 225

25/33-80 SE 1/4 of SW 1/4 of Na 1/4 Glen C. Wa t son 335

Arthwr Eagle 39 025/33-98 -

25/33-10 Na 1/4 of NE 1/4 Robert Rosman M2

25/33-20 NE 1/4 Rotert Saver 235

25/33-27 NE 1/4 of NE 1/4 E.C. Ret tso sk t 865

25/33-27 5 1/2 of SE 1/4 E.C. Re t tso. sal 19

25/33-27 N 1/2 of N 1/2 of NE 1/4 E.C. Rettso sk t 850

25/33-27 S. l/4 of SE I/4 Re t tsos sa l Bros. Inc. 650

25/33-27 SE 1/4 E.C. Re t tko.sk i 52 5

!

25/33-31 S. 1/4 of NE 1/4 m 11 bar Secur i ty Cmpa ny 405

25/33-31 S. 1/4 of NE 1/4 w il bur Secur i ty Cmpa ny 81 6

l

25/34-2 NE 1/4 of Na 1/4 N r.in Mau pr 610

|
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TABLE A.2 ,

DOE INVENTORY SUMMARY, VELLS VITH DRILL LOGS (continued)

Tow n sh ip/Ra nge
,

[
'

Section-0escription Loca tion Cener Description Well Depth ( f t) -
'

25/34-2 $W 1/4 Tore Corporation 220 !

L

'25/34-2 $W I/4 of NE 1/4 Moreln Hauger 320

25/34-3 NE 1/4 of $E 1/4 Tora Corporation 220 l

25/34-9 $E 1/4 of NW 1/4 Merwin Hauger 105

25/34-1801 NW 1/4 R.T. Burt 180
.

i

25/34-13 NW 1/4 William Oreger 20 0

25/34-20 SE 1/4 of $w 1/4 W ||Ilam Dreger 340 ,

25/34-29 hE 1/4 of $E 1/4 Richard Oreger 1225
!

25/34-30 NW 1/4 of NE l/4 Richard Oreger $96 [
t

25/34-30 N 1/2 of SE 1/4 Richard Oregor 500
t

25/34-30 N 1/2 of SE 1/4 Richard Oregor 705

25/34-30 NW 1/4 of $W l/4 of SE 1/4 Edward Oregor 266

25/35-3 NW 1/4 of $w 1/4 wa s hi ng ton St. H.y. 0.pt. 200
,

25/35-3 $W 1/4 of NW 1/4 Washington St. Hu y. Doc t. 90

i 25/35-4 NW 1/4 of $E 1/4 Blake Hall 97

25/35-4 NW 1/4 of SE 1/4 George L. RobInton 163

25/35-4 hE 1/4 George L. Roolnson 123

25/35-18 N 1/2 of NE I/4 Joseph Myers 104;

25/35-20 hW 1/4 of NW 1/4 V ictor Alt 1440 l

J 25/35-21 $E 1/4 of NE 1/4 Mr. $ t ep he n s 100

25/35-28 N 1/2 of NE 1/4 Jonn McCllsn 16 0

i
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TABLE A.2

DOE INVENTORY SUMMARY, VELLS VITH DRILL LOGS (continued)

Township / Range
Section-Oescription Loca t ion 0.ner Description mell Depth (f t)

25/36-2 NE 1/4 of NE 1/4 Jessle Kenny 71

25/36-20 NE 1/4 of SE t/4 R. A. Morr i son 404

25/36-21 E 1/2 of Na' 1/4 Jact & William Sterett 404

25/36-21 NE 1/4 of SE 1/4 Fred W. Magin 31 4

25/36-21 NE 1/4 of SC 1/4 Harry Schneider 450

25/36-21 SE 1/4 Jerry Schelbner 39 0

25/36-22 SW 1/4 of NE 1/4 Eugene Stuckle 18 5

25/36-24 SE 1/4 of NW 1/4 Duane Horuege 256

25/36-27 SW 1/4 of SE 1/4 Lawrence E. Ensor 324

25/36-28 E 1/2 of N. 1/4 harry Schnoloer 400

25/36-34 SE 1/4 of NW 1/4 of Sn 1/4 Mary E. florin 148

26/32-1 Sw 1/4 of NW 1/4 Bob Bancy 305

'

26/32-1 SE 1/4 of SW 1/4 J.H. & J. Ma son L le el l yn 38 0

James Rettko. ski 23526/32-10 --

26/32-10 SE 1/4 of NE 1/4 horma n Se lb 752.5

26/32-10 Sn 1/4 of NE 1/4 Norr.an Selb 50 5

26/32-11 S 1/2 Jerry Stanford 220

26/32-11 Sw 1/4 of NE 1/4 Ray 0. Schelbner 86

26/32-11 Na 1/4 of S 1/4 of NE 1/4 Ned Schelbner 31 0

26/32-11 $ 1/2 cf a 1/2 of NE 1/4 Ray O. Scheltner 86

26/32-12 SE 1/4 of Sa 1/4 I van R. Moser 129

Table A.2 Sheet 5 of 8

A-7

i



_ _____ _____

TABLE A.2

DOE INVENTORY SUMMARY, VELLS VITH DRILL LOGS (continued)

T ow n s h ip/Ra n ge

Sec tion-De scr ip tion Location 0.ner Description __ . ell Depth ( f t)

26/32-12 Ancre & Norma Upton ISO--

26/32-16 NC 1/4 of SW 1/4 The Shef fels Company 233

26/32-17 Na 1/4 of AE 1/4 Robert Sheffels 22 6

26/32-19 SE 1/4 of No 1/4 Albert Sempr Inolnik 312

26/32-20 NE 1/4 of Sa' 1/4 Mark Shef fels 22S

26/32-20 SE 1/4 of NW 1/4 J a me s L. Ne l son 27 5

26/32-20 NE 1/4 of SW 1/4 Rooert Shef f els 29 0

26/32-21 Sw 1/4 of NW l/4 of $W 1/4 Frank L. Zimmereen 453

26/32-26 NW 1/4 of NW 1/4 James F. Rosman 16 6

26/33-3 Sn 1/4 of SE 1/4 Jack Rocrogus 240

26/33-6 SE 1/4 of Sn 1/4 J .H. & J . Ma son L l e.el l y n 1007

26/33-6 SE 1/4 of SW 1/4 J.H. & J. Mason Lie ellyn 170

26/33-7 Na 1/4 of NW 1/4 Letha Barker 151

26/33-7 in 1/4 of Sn 1/4 cf Na 1/4 Big Send Golf & Country 154

Club inc.

26/33-B Na 1/4 of Sn 1/47 Ci ty of Wilbur 37)
NE 1/4 of Sn 1/4 of Sn 1/47

26/33-12 -- US Army Engineering District 291.5

26/33-12 -- US Army Engineering District 27 4

26/33-17 mm 1/4 of NE 1/4 of No 1/4 G.w. Enerson Lurber Company 44

26/33-18 To.m of a li b ur 92 0--

26/33-18 Tc.n of .lltur 450--
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TABLE A.2

DOE INVENTORY SUMMARY, VELLS VITH DRILL 1,0GS (continued)

Township / Range
Section-Description Location 0.ner Description mell Depth (ft)

26/33-18 SE 1/4 of S 1/2 of NE 1/4 Eo.in Dean Angs trom 30S

of NE 1/4

26/33-18 $n 1/4 of NE 1/4 To n of Wilbwr 502

26/33-19 Na 1/4 of NW 1/4 Ancy McInroy 23 3

26/33-29 SW 1/4 of SW 1/4 Fred R. Rux 120

26/33-29 SE 1/4 of SW 1/4 Me r ma n R ux 16 0

26/33-29 SE 1/4 of SE 1/4 of SW 1/4 norman & Walter Rwx 23 8

26/33-31 E 1/2 Don & VIrgInt a Piper 120

26/33-32 $W 1/4 of W 1/2 wilitsi Drogir 395

26/33-32 NW 1/4 of Na 1/4 of NW 1/4 William Drager 308

26/32'?t NE * /4 of NE 1/4 Ec. arc F. Dreger 34

26/33-32 NW 1/4 of SE 1/4 Ec.ard F. Droger 426

Ec. arc F. Dreger 3426/33-33A --

26/33-33 N 1/2 of NE 1/4 Ec. arc F. Dreper 34

26/33-34 SE 1/4 cf Sa 1/4 Richard Oreger 450

26/33-34 Na 1/4 of Sa 1/4 R1charo Dreger 450

26/33-36 SE 1/4 of Sn 1/4 Aw;wst Dreyer 350

26/34-10 Se 1/4 of NE 1/4 of S. 1/4 To.n of Creston 76 6

Verna YIncent 23 826/34-150 --

26/34-l'F SE t/4 of Nw 1/4 Verna Vincent /To.n of Cres ton 455

26/34-21 Na 1/4 of Na 1/4 Rex Sean 25 0

26/34-23 NE 1/4 of $ 1/2 Phil Kraw se 28 0

'
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TABLE A.2

DOE INVENTORY SUMMARY, VELLS VITH DRILL LOGS (continued)

Townshtt/ Range
' ell Depth (ft)

|
Sec tiol-De scr ip t ion Loca t ion 0.ner Description *

l

27,/34-26 SE 1/4 Tera Corporation 273

26/34-35 ha 1/4 Tera Corporation 248

|

26/35-11 SW 1/4 of $d 1/4 Herlo Angstrom 200

| 26/35-15 Sa 1/4 of SE 1/4 Harold G. Bettys 206
1

26/36 Tract 217 Den Hall 146

26/36-17 $d 1/4 of Sa' 1/4 Rooper D. Sullivan 25

26/36-17 Sd 1/4 Ted Garfield 58
|

26/36-17 Sa 1/4 Don Mahn 45

26/36-17 Sa 1/4 vernon JaccoSon 60

26/36-19 NE 1/4 Robert m. Ne. man 7

'ayne Pierce 16026/36-21 Nd 1/4 m

State of mashington 20526/36P --

(Anna Gunning)

Source: State of '=ashington DOE

i
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TABLE A.3 !

'

VATER-LEVEL ELEVATIONS |
,

' Tera Corporation Pumping Veils [Creston, Washington j

i

Vater-Level Elevation (ft MSL) !

[.m
,

; Date P1 P2 P3 P4 f

I i
"

Data collected by Tera Corp.

07/22/80 2301.6 2280.3 -- --

1 07/30/80 2302.7 2279.4 --- --

1 08/25/80 2300.0 2277.7 2269.7 2271.5 ;

a 09/02/80 2299.9 2277.6 2269.9 2272.8 -

'

10/29/80 2293.3 2277.9 2271.3 2272.0
.. i

) 01/27/81 2299.5 2277.5 2272.2 2273.0 i

04/18 & 05/02/81 2298.7 2267.0 2281.9 2255.8 i

t 07/28 & 08/01/81 2296.9 2274.6 2249.2 2282.4 ;

i 10/28-30/81 2293.8 2271.0 2262.4 2264.8
J

J
10/22-25/82 2296.0 2273.4 2249.2 2266.4 |

1 !
Data collected by In-Situ Inc. j

'
;

! 06/20/86 2304.8 2283.7 2275.1 2274.2
'

, 07/18/86 2303.3 2282.0 2273.2 2272.5
! 08/24/86 2301.75 2280.45 2271.7 2271.3 [

10/25/86 2300.35 2278.8 2275.9 2271.4 i

12/04/86 2300.2 2278.6 2272.3--
,

.

. 03/06/87 2300.0 2278.3 2272.1 2273.0 (
04/08/87 2301.0 2279.4 2272.9 2273.8 i'

05/07/87 2300.5 2280.1 2273 2272.6 [;

06/21/87 2299.1 2277.4 2267.8 2268.1 .-

! 08/05/87 2297.75 2276.25 2247.25 2267.89 |
10/09/87 2296.45 2274.50 2266.1 2266.99 <

12/21/87 2296.10 2274.10 2266.3 2267.59

I [
| Land surface elevation '

| (ft MSL) 2370 2295 2330.8 2319

Completed zone elevation f
(ft MSL) Top 2333 2255 2312 2300 j

Bottom 2158.7 2153.7 2185.8 2177.4 i
r

|
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TABLE A.3 (continued)
VATER-LEVEL ELEVATIONS

Tera Corporation Observation Vells
Creston, Vashington

Vater-Level Elevation (ft MSL)

OV1 OV2
Date Upper Lover Upper Lover

Data collected by Tera Corp.

07/22/80 2274.1 2273.6 2226.9 2226.9
07/30/80 2273.6 2273.1 2227.1 2226.8
08/25/80 2272.7 2272.3 2227.1 2226.5
09/0?/80 2272.4 2272.1 2227.2 2225.6
10/29/80 2272.5 2272.4 2228.6 2230.6

01/27/81 2273.5 2273.5 2231.7 2233.7
04/18 & 05/02/81 2273.2 2269.6 2231.7 2227.3
07/28 & 08/01/81 2267.7 2265.9 2221.7 2221.2
10/28-30/81 2263.9 2263.9 2221.5 2222.1

10/22-25/82 2267.3 2267.3 2222.7 2222.2

Data collected by In-Situ Inc.

06/20/86 2276.0 2275.7 -- --

07/18/86 2274.6 2273.8 -- --

08/24/86 2272.75 2272.5 2225.9 2223.5
10/25/86 2272.2 2272.1 2228.4 2230.25
12/04/86 2273.0 2272.9 2229.8 2233.0

03/06/87 2273.8 2273.5 2231.3 2234.3
04/08/87 2274.3 2273.9 2231.1 2234.8
05/07/87 2273.6 2263.2 2231.35 --

06/21/87 2269.0 2268.7 2224.3 2218.7
08/05/87 2269.08 2268.93 2225.1 2225.11
09/14/87 -- -- 2224.95 2224.65
10/09/87 2268.01 2267.88 2225.40 2224.60 |
12/21/87 2268.09 2267.93 2228.88 2231.05 )

|

Land surface elevation
(ft MSL) 2347.7 2237.5

Screen elevation
(ft HSL) Top 2223.7 2191.7 2185.5 2133.5

,

Bottom 2213.7 2186.7 2175.5 2123.5
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TABLE A.3 (continued)
VATER-LEVEL ELEVATIONS

Tera Corperation Observation Vells (continued)
Creston, Vashington

Vater-Level Elevation (ft HSL)
OV3 OV4

Date Upper Lover Upper Lover

Data collected by Tera Corp.

07/22/80 2331.8 2292.2 2291.4 2290.9
07/30/80 2237.3 2291.7 2290.6 2290.5
08/25/80 2338.1 2291.0 2289.7 2289.5
09/02/80 2339.2 2291.1 2289.4 2289.2
10/29/80 2339.4 2290.6 2280.0 2288.0

01/27/81 2337.6 2290.8 2288.3 2288.3
04/18 & 05/02/81 2340.4 2297.2 2288.5 2285.0
07/28 & 08<01/81 2334.7 2285.5 2283.8 2287.3
10/28-30/81 2329.4 2282.4 2279.9 2279.9

10/22-25/82 2334.2 2287.4 2280.6 2280.4

Data collected by In-Situ Inc.

06/20/86 2337.6 2295.6 2294.9 2294.8
07/18/86 2337.6 2294.2 2293.2 2293.1
08/24/86 2327.8 2292.6 2291.3 2291.15
10/25/86 2337.6 2291.65 -- --

12/0!./90 2337.6 2291.4 2288.4 2288.4

03/06/87 2337.4 2291.5 2287.8 2287.3
04/08/87 2337.6 2293.8 2289.1 2289.1
05/07/87 2238.5 2292.8 2289.9 2289.9
06/21/87 2337.4 2290.45 2287.2 2287.1
08/05/87 2357.39 2289.22 2285.77 2285.69
09/14/87 2336.97 2298.57 -- --

10/09/87 2236.47 2288.17 2284.04 2283.99
12/21/87 2336.14 2288.12 2283.34 2283.29

Land surface elevation
(ft MSL) 2383.3 2370.8

Screen elevation
(ft MSL) Top 2314.3 2217.3 2282.3 2245.8

Bottom 2309.3 2206.3 2272.3 2235.8
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TABLE A.3 (continued) J,

VATRA-LEVEL ELEVATIONS !

!

Tera Corporation Observatio" Wells (continued)
|Creston, Vashington ;

!

Vater-Level Elevation (ft MSL)
_ ,

OV5 OV8 |l Date Upper Lover Upper Lower ;

i
) Data collected by Tera Corp. !
! !

j 07/22/80 2289.3 2272.3 2282.6 2283.5 !
j 07/30/80 2288.9 2271.7 2282.3 2283.2 (
1 08/25/80 2288.4 2271.2 2281.8 2282.3 ;

09/02/80 2288.4 2270.9 2281.9 2281.9 !

10/29/80 2286.8 2269.1 2282.3 2282.6 !
! .i
; 01/27/81 2286.4 2272.6 2285.7 2284.8 t

04/18 & 05/02/81 2279.9 2266.6 2277.9 2278.2 ;
*

07/28 & 08/01/81 2280.3 2263.7 2276.6 2277.4
; 10/28-30/81 2278.1 2261.0 2274.6 2274.4 |
i !

{ 10/22-25/82 2283.2 2263.8 2279.9 2279.4 j

fData collected by In-Situ Inc.

r
* 06/20/86 2285.0 2273.8 2283.2 2285.0 i

| 07/18/86 2286.3 2272.4 2282.7 2284.1 !
z 08/24/86 2285.05 2271.05 2282.08 2282.2 }
j 10/25/86 2284.5 2270.4 2281.8 2282.5 '

12/04/86 2284.5 2271.2 2281.9 2282.6
1
~ 03/06/87 2284.5 .?272.0 2282.3 20M 0 i
: 04/08/87 2284.5 2272.6 2282.3 ~* 2 l
: 05/07/87 2285.6 2282.4 2Zs4.2 i--

d 06/21/87 2284.6 2268.6 2281.8 2282.0
'

; 08/05/87 2284,12 2267.74 2281.00 2281.08
! 09/14/87 2285.69 2267.04 2280.18 2280.18 |
'

10/09/87 2283.34 2266.72 2279.88 2279.83
! 12/21/87 2282.89 2266.54 2280.28 2280.08

i

j Land surface elevation
j (ft MSL) 2315.2 2313.6

Screen elevation
i

! (ft MSL) Top 2342.2 2163.2 2248.6 2207.6 '

/ Bottom 2332.2 2153.2 2238.6 2197.6
|
i Table A.3 Sheet 4 of 6
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TABLE A.3 (continued)
VATER-LEVEL ELEVATIONS

Dreger Piezometer
Creston, Vashington

Vater-Level Elevation (ft MSL)

J2 J3 J4 J5 J6 J7
Date i 11 111 1111 11111 111111

Data from State of Vashington Office Report #ER843, 1984 '

09/29/83 1732.6 1733.3 1733.8 2113.4 2113.5 2160.14
-- -- 2129.44 2129.42 2230.3610/06/83 1732.1

11/03/83 2183.47 2183.44 2231.09-- -- --

2208.88 2208.82 2231.9212/01/83 -- -- --

02/02/84 1733.75 1733.94 2217.0 2216.98 2234.7--

03/06/84 1733.8 1734.1 1734.3 2218.66 2218.7 2230.55
03/30/84 2219.39 2219.35 2237.34-- -- --

05/02/84 2219.93 2219.93 2242.76-- -- --

05/24/84 -- 1734.6 -- 2158.55 2157.98 2242.0'

07/18/84 2106.48 2106.36 2238.2-- -- --

08/08/84 2156.56 2156.64 2237.81-- -- --

09/07/84 -- -- -- 2109.05 2109.06 2235.45
10/04/84 -- -- -- 2167.22 2167.19 2231.34

-- -- -- -- 2152.710/23/84 --

2214.12 2214.11 2237.4811/07/84 -- -- --

05/08/85 -- -- -- 2184.56 2184.65 2235.17
-- -- -- 2208.27 2208.16 2232.1710/24/85

03/25/86 2147.5 2147.57 2236.34-- -- --
,

-- -- -- 2110.9 2110.75 2234.506/20/85
07/17/86 2056.25 1735.5 1733.5 2103.0 2103.0 2237.0

Data collected by In-Situ Inc.

08/31/86 2040.4 -- -- 2105.38 2105.35 2233.04
10/22/86 -- -- -- 2210.0 -- --

2217.15 -- --12/04/86 -- -- --

03/04/87 2076.0 <1782.0 <1782.0 2218.9 2219.0 2234.5
04/04/87 2076.55 <1782.0 <1782.0 2218.83 2218.80 2234.13
04/17/87 2076.78 <1782.0 <1782.0 2219.40 2219.04 2234.42
04/24/87 -- -- -- 2219.00 -- --

04/25/87 2076,6 <1782.0 <1782.0 2218.1 2218.2 2233.8

Table A.3 Sheet 5 of 6

A-15



TABLE A.3 (continued)
VATER-LEVEL ELEVATIONS

Dreger Pierometer (continued)
Creston, Washington

Vater-Level Elevation (ft HSL)

J2 J3 J4 J5 J6 J7
Date i 11 111 1111 11111 111111

Data collected by In-Situ Inc. (continued)

04/26/87 -- -- -- 2218.0 2218.1 --

04/30/87 2076.10 2182.10 2182.31-- -- --

05/01/87 2075.83 2169.52 2169.58-- -- --

05/02/87 2075.70 2162.50-- -- -- --

05/03/87 2078.82 -- -- 2162.50 -- --

05/04/87 2078.19 -- -- 2147.03 -- --

05/07/87 2076.85 -- -- -- -- 2232.90
05/20/87 2069.38 -- -- 2114.93 -- --

05/27/3'/ 2065.54 1733.20 1733.35 2112.58 2112.50 2230.8

06/03/87 2062.59 2111.78-- -- -- --

06/08/87 2059.87 1733.15 1733.20 2117.17 2117.10 2230.30
06/21/87 2054.50 1733.12 1733.33 2108.33 2108.35 2230.14
07/04/87 2060.70 -- -- 2105.59 -- --

07/14/87 2057 1733.08 1733.06 2104.28 2104.30 2229.35

08/05/87 2050.01 1732.95 1733.10 2105.76 2105.60 2229.10
08/26/87 2046.91 -- -- 2103.17 -- --

09/14/87 2042.15 1732.80 1733.10 2102.12 2101.95 2228.45
10/09/87 2031.16 1732.58 1731.45 2101.35 2101.20 2227.90

Land surface elevation (ft MSL) 2282

Screen elevation 1

(ft MSL) Top 1181 1338 1567 1874 1968 2262 |
'Bottom 1176 1333 1567 1869 1963 2023
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TABLE k.4

t7
* WATER-QUALITY DATA, STUDT-AREA BASELINE MONITORING PROGRAM
(D

> ST A flor 6

h (won 1) Cono. event /Ouswter
P.4 P.2 P.) P.4 Ow-l OW .2 Ow - 3 Ow.4 Ow.5 Ow 8

1 ge t (F.eko 7.3 8.7 7.3 7.0 7. 5 76 7.u 7.4 7. 7 7.8

95 2 7.3 7.4 9.3 7.7 9.3 9.5 9.7 8.3
2 9.1
3 7.3 7.5 7.3 7.3 10.2 7.9 9.1 7.2 9.7 8.5
4 7.2 7.6 7.5 7.4 9.9 7.7 9.2 9.3 8.6 8.3

5 8.2 8.4 7.5 7.5 10.1 s.> 9.7 9. 4 10.2 9.5
6 7.6 7.5 7.4 7.4 9.6 6.3 9.0 H.2 9.5 8.8
7 8.25 8.29 8.45 8.72 8.6 U.3 8.5 P * 9.2 8.4

8 pH fLc4 7.9 9.1 7.7 7.3 7.9 U.I U.I 8.0 1.1 8.3
7.9

2 7.4 7. 5 1.4 7.4 9.1 1.5 d.2 9.5 9.4 7.6

3 7.6 7.5 7.5 7.6 9.7 7.7 8.8 9.2 8.9 8.5
4 7.6 7.8 7.7 7.7 9.8 7.8 8.9 9.5 9.0 8.4
5 7.9 7.9 7.9 7. 9 9.8 8.0 9.2 8.7 9.3 8.9
6 7.4 7.6 7.5 7.5 9.6 7.9 9.0 8.5 9.3 9.0
7 7.78 7.72 7.77 7.82 8.6 9. 8 7.8

i TernpceavveeoC (Feet.H 87.1 13.9 11.0 13.5 14.4 15.2 - 14.4 12.6 -

> 12.7
b 2 10.3 10.8 10.2 10.5 11.2 18.0 10.2 10.8 8.8 10.3

%a 3 7.4 8.0 8.8 8.2 B.3 U.5 9.4 10.2 9. 3 8.3
4 12.5 13.7 14.5 17.6 19.3 10.7 81.7 13.8 31.1 13.7

5 16.0 12.5 13.3 14.9 16.0 13.5 14.6 14.5 11.7 14.4

6 8.8 8.9 11.7 10.8 10.6 1.4 9.6 11.1 8.2 9.8
7 10.7 9.5 9.3 10.1 9.2 10.5 10.4 9.8 10.4 9.6

1 Son .f ec CA torwe tl Icm- 8 263/230 177/162 214/170 195/168 261/235 215/220 ./215 461/148 274/243 --/190
e schi/Lub i73/160

2 312/20t3 219/850 276/200 283/20a 278/200 192/260 197/163 228/885 286/203 244/180

3 212/190 189/143 235/190 209/110 295/235 2s7/120 169/140 186/ t 45 287/885 212/165

4 714/200 138/135 287/183 205/185 192/205 208/200 171/185 237/840 179/I55 166/148

5 224/245 159/155 197/200 892/180 241/240 262/745 14till 35 8 54/ t ' 239/185 17a/180

6 441/210 342/l55 ---/l74 ---/157 463/235 32b/275 310/135 -0/160 246/175 379/181

7 209/243 135/162 170/.77 176/210 222/265 181/ j .0 173/19d 140/165 109/190 151/170

l Cort.onote COj bj/O O 10.8 0 0 0 0 0 0.0 10.8 0.0
0

2 0 0 0 0 21.6 0 0 40.8 39.6 0.0
3 0 0 0 0 4A 0 0 16.8 8.4 3.6$
4 0 0 0 0 50.4 0 4.8 26.4 12.0 8.2

(D
(D 5 0 0 0 0 46.8 0 6.0 9.6 18.0 9.6
r+ 6 0 0 0 0 40.8 0 6.0 2.4 16.8 13.2

7 0 0 0 0 0 0 36 3.6 14.4 0.0

O
m

D.*

&
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TABLE A.4
CT

{ WATER-QU).LITT DATA. STtFDY-AREA BASELINE MORITORING PROGRAM (continued)

>

% ,, 1 ) consi,i-s /u s.,
P. P.2 P.3 P.4 Ow . 8 OW.2 OW - 3 OW 4 OW.5 Ow.8-

t Sod.um th trng/l) 82.6 8.1 12.4 8.7 9.6 14.5 48.6 8.1 14.3 9.6
8.0

2 12.5 8.1 12.6 16.7 20.8 17.2 13.3 9.5 15.7 9.1
3 82.7 7.9 12.7 12.2 23.6 16.5 18.9 9.4 15.6 8.7
4 t2.t 8.1 16.5 12.8 23.1 15.4 18.7 9.7 15.6 9.0
5 12.3 8.2 12.7 12.4 23.5 16.9 12.8 9.4 15.2 9.2
6 82.9 8.8 12.7 9.4 18.8 84.8 12.4 9.9 15.0 14.8
7 12.9 8.4 13.2 16.4 10.5 15.2 10.8 8.9 13.7 9.0

1 Potosuom K t<ng/t) 2.42 f.7 1.7 1.9 2.1 2.8 2.0 6.8 2.5 2.2
8.7

2 2.6 f.9 2.4 2.5 3.5 3.9 3.0 2.7 2.8 2.3
3 2.4 f .9 3.3 4.2 7.4 5.5 3.4 5.1 2.6 3.9
4 2. 8 1.7 2.3 2.1 3.2 3.1 2.) 2.3 2.4 2.3
5 2.2 36 2.1 2.2 3.8 3.3 2.3 2.2 2.6 2.4
6 2.0 2.4 2.2 2.2 3.3 3.3 2.7 2.2 2.2 2.3
7 1.8 3.4 1.7 t.8 2.1 3.1 1.9 1.8 2.3 f.8

> 1 Cok.vm Ca (mg/0 24.5 49.8 15.5 13.4 27.6 22.0 25.2 18.3 28.9 21.9
e 2.0

N 2 17.5 13.6 16.0 13.1 18.0 21.4 7.8 21 27.7 16.4#
3 20.0 20.6 18.8 17.5 28.8 20.0 16.9 22.2 19.4 28.3
4 24.0 17.2 18.0 20.4 30.6 20.8 11.3 29.2 30.8 28.6
5 18.0 18.0 19.8 16.2 24.9 21.3 9.9 17.6 28.0 19.8
6 16.9 16.0 17.7 14.4 22.0 26.0 18.4 18.0 23.9 18.0
7 26.1 20.1 22.5 20.5 29.5 25.2 19.5 23.6 23.2 20.9

i Magnesann Mg (mg/t) 7.9 4.6 54 5.2 8.6 8.3 6.5 4.5 8.1 6.4
4.9

2 5.9 2.8 3.5 2.7 3.9 3.6 2.0 3.1 2.4
3 10.1 3.8 6.6 6.3 5.6 10.7 5.6 6.3 5.9 6.0
4 7.6 4.5 5.3 5.3 3.6 8.5 3.7 5.9 4.6 4.2
5 7.7 4.3 4.9 4.5 3.7 8.9 3.7 2.3 4.6 3.6
6 8.5 4.8 5.7 5.2 3.8 11.9 4.2 4.0 5.2 4.2
7 6.2 3.3 3.9 3.3 6.6 17.8 6.1 2.5 3.4 4.8

t Coi.an/Anson tschww e (Me/l) 2.791/2.480 1.959/l.830 1.832/2.048 1.538/l.578 2.557/2.618 2.446/2.182 2.392/2.235 1.707/l.549 2.000/2.569 2.158/s.992
f . 79 t / t .526

c.n 2 2 087/2.392 1.7 72/ t .605 f.718/2.0 % 1.880/1.0 2.473/2.740 2.005/2.974 3.945/ t.5 t o 8.234/2.768 2.340/3.270 f.503/1.887
7 3 23.41/2.268 t.7 35/1.618 2.117/2.066 2.028/1.796 3. 14/3.513 2.735/2.497 t.908/ l .5eo 2.1.5/2.023 2.199/2.025 2.035/ t.8660 4 2.407/2.266 1.628/I.578 2.107/2.820 2.065/2.036 2.913!).446 2.488/2.445 f .4 38/1.400 2.425/2.237 2.658/2.0*5 1.873/1.83O 5 2.123/2.165 1.649/ t .622 f.?? 7/ t.982 1.770/I.750 2.668/3.317 2.6 t 2/2.5fio 1.385/1.339 1.534/1.497 2.504/2.157 a.744/1.e97" 6 2.15e/ ?. t 84 1.645/t.692 1.96 t / t .94 7 1.614/I.554 2.313/J.159 3.fx4/3.8 46 1.520/ t.431 1.666/ t .7 74 2.329/2.215 8.942/2. t 48

7m 74 70/2.26 t t.6 79/ t .603 2.058/t.952 2.058/l.938 2.527/2.472 3.461/3.454 f.??2/2.069 4.822/l.990 2.097/2.278 1.816/l.736
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UNilt h bl AIE S Lif e' AR int t'l Of It!IEAIUR - GLULOLICAL bufVEV FAUrtSS DAIE 08/24/86

hul I $ l'8 L SI Alluf4 L I S I I flG
Nilh0-

Sf t -

SF F- CIF IC C ARI.O N GENE

CIF IC C Utr - FH btuXibt NO2 6 tt03 HARD-

DATL CON- UbCI- DaYGkNe FH t A t* DIS- Y8 I S - NtSS

Uf ILM$th- DUCI- At'C E DIS- ( bl At:D- ( SI AP!D- SOL VE D SULVLD (NG/L

S I A l lute nuMFtR Stinf L E TIME AluRE ANCF. ( Als SHL VC D AhD AkD (PtG / L (MG/L AG

(OEG CD (UnHUS) (UNHUS) inG/L ) UNilS) Utt i l S ) AS CO2) AS N) CACO 3)

(00010) (00095) (90095) (00300) (00400) (00403) (00405) (00631) (00900)

is- > 121 1 < ' '.801 b2 va-30 1L90 ? .' 0 11YO 3150 .0 3.0 3.1 1.Y .50 490
4 :.1 t o t 1 : v t .' 01 a CJ Ju 1320 XY.S $70 551 7. U.3 II 3.6 l ', 0

J103 09 1130 tf.O 195 512 38 '.7 7.9 5.6 3.7 170

U3-07-2S 0915 lb.S L25 518 L.1 7.7 7.9 7.3 3.6 190

4 3 81LL1! YOO" dO1 u2-03-31 0920 1H.0 4 0 *., 406 .0 9.6 3 . .! .8 .30 28
y
e H! OS 1S 0930 17.S S*O 451 . t' 6.3 7.5 2./ .92 LL

W 35-0? '2 1050 10.0 390 390 .1 U . *a 3.5 1.v .10 21
4 12LLitu,Ltuut t, * - 0 6 - 31 I?v0 16.0 901 001 -- 8.3 U.1 1.3 26 3SO#

3i v3-o7 134% 15.5 940 921 -- 7.8 7.9 4.0 29 350

U3-0/-20 1600 IL.S 920 COS -- 7.D 7.8 4.0 26 360
4 .1 lu b 11111'. $ 01 N-03-27 1200 17.0 LFS 53Y ti . 0 8.2 4.4 .l . 6 220

Uf 93-17 0920 17.3 632 638 6.1 7.2 7.9 30 5.3 260
33 07-22 1250 17.L 6S0 $SJ 4.0 7.3 7.0 24 ,.6 290*

4 51 Lo 41165 0L 701 02 08-31 1743 1v.0 "J 3 2 532 9. t1 8.2 8.1 1.8 12 230

U3-01-03 091L 13.5 520 5b7 8.0 7.6 U.0 6.7 12 2,: 3

u* 04-08 0v15 18.5 520 3 *.,7 9.0 7.6 H.0 6.7 12 230
31 07-20 1400 13.5 5 10 52+ V.7 7.H 7.7 4.2 12 230

4o161vtiv200001 82--08-27 1630 26.5 514 307 1.4 0.0 8.6 4.2 <.10 60

83-05-17 l'330 25.0 49L 500 1.3 8 .~ 1 3.0 3.2 < .' 10 60

4 31/1 Li t ve t no t 82-Ou-27 1415 17.5 57S 567 9.0 8.0 U.7 3.3 4.0 220
Ch 83-03-03 1430 33.0 '., 7 5 5)7 0.4 7.8 8.1 5.3 4.3 22v
7 HI 07-1Y 1530 1/.5 56H S45 0.6 B.O 8.0 3.1 4.1 230

h is t ' 53 t i vv3 4101 95-03-18 0940 .2.0 445 439 .0 7.v 8.3 5.2 .30 23
r+ 451b13119012504 83-03-10 1545 17.0 645 662 8.2 7.8 7.9 4.0 13 240

" 4$1814118L75001 S2-03-30 0930 19.5 415 415 2.4 0.0 8.2 2.7 1.6 I40

C) B3-03-09 0900 te.L 405 419 2.2 7.8 8.3 4.2 1.6 340
P% 35-07-20 0945 19.0 412 412 I.7 7.8 7.v 4.2 1.7 340

46110411V0/2001 8J-07-26 0945 16.0 705 685 8.1 7.6 7.9 to 6.9 24C
4S2002118450101 S2-03-30 1245 23.0 240 261 4.8 8.0 U.4 1.9 .87 /I
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.>. WATER-QUALITT DATA. USGS REGIONAL STUDY (continued)
(.J'

UNIIED SI ATES DEF ARIMEMT OF INIIRIOR - GEDLOGICAL SURVEY FkOCESS DAIE 03/24s96
MULiitt[ SIAT10N LISIING

HARD-
HAED- NESS MAGHE- S0010M T0TAS- At h A- DICAR- CAR- CHLO-
NESS, NONCAR- CALCIUM SIUMe SODIUMe AD- SIUM, LINITY DONAIE DONAIE k1DE.

DAIE NONChk- DONAIE DIS- DIS- 1* I S - SukF - DIS- LAD II-F LD II-FLD DIS-
Of DONAIE (MG/L SOL VE D SOL VE D S0tVED IIUN SOLVED (MG/L (MG/L (MG/L SOLVED

SAMi t E (MG/L AS (MG/L (MG/L (MC/L kAl1U f'fkCENT (MG/L AS AS AS (MG/L
CACO 3) CACO 3) AS CA) AS MG) AS NA) SODIUM AS h) CACO 3) HCO3) COJ) AS CL)
(00902) (95902) (00915) (00925) (00930) (00931) (00932) (00935) (90410) (99440) (99445) (00940)

b - O ti - 3 3 400 396 96 61 49 23 9.7 95 118 .000 41
32-03-2s 12 12 46 19 34 a 27 7.3 375 222 .000 27
83-03-09 29 29 42 17 30 1 26 8.2 173 178 .000 29
31-07-25 0 0 45 18 32 1 26 7.8 162 231 .000 30

>
s 82-08-31 0 0 7.7 2.2 74 6 79 11 161 192 50 26

91-05-16 0 0 16 4.3 72 4 69 to 167 344 .000 29
U3 0/-22 0 0 5.5 1.7 75 7 82 11 157 373 .000 27
02 90-31 220 220 00 37 36 .9 to 8.2 123 163 .000 90
93-03 07 020 220 7/ 38 38 .9 19 8.3 130 157 .000 99

33-07-20 230 229 79 39 39 .9 19 8.6 134 157 .000 110
u2-00-21 0 u 47 26 31 .9 22 7.9 220 278 .000 24
15 05-I/ t/ I7 52 32 34 .9 21 7.7 240 299 .000 27
S3-0'-22 46 46 56 36 30 .8 18 7.0 255 2Y6 .000 307

32-03-31 HI 88 46 29 17 .5 34 4.1 131 182 .000 32

H3-03-08 97 97 46 29 17 .5 1J 4.0 114 168 -- 34
81 01-03 97 97 46 29 17 .5 13 4.0 144 169 .000 36
u3-0/ 20 90 v0 46 29 17 .5 13 4.3 113 167 .000 33
32-03-27 0 0 14 6.0 34 5 71 13 230 262 .000 13
H3-05-17 0 0 14 6.2 85 5 71 12 209 2L4 .000 11

M 82-09-27 48 40 47 24 31 .9 23 4.8 167 206 .000 26
85-03 08 44 44 46 25 31 .9 23 4.7 176 212 .000 25,

m u1-0?-17 65 65 49 26 32 1 23 4.8 1/7 198 .000 25
r* N3'05 IB 0 0 5.2 2.4 90 9 84 12 198 262 .000 26

HI-03 10 85 35 59 23 3 *, 1 23 6.6 156 192 .000 36g

o u2-08-30 1 1 24 19 33 1 30 to 131 167 .000 9.9
bh 91-03-09 5 3 24 19 29 1 29 to 145 165 .000 9.5

N3-0/-20 1 1 24 19 30 1 30 10 144 to7 .000 11
35-07-2$ 24 24 57 23 54 2 33 2.0 203 260 .000 37
H2-08-30 0 0 17 4.9 24 1 40 6.5 94 119 .000 7.2

_ _ _ _ _ _ _ _
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CY TABLE A.5*-*
tD

"D- WATER-QUALITT DATA. USGS REGIOftAL STUDT (continued)

Ut

UN I I E ls SI ATES DEFARIMENT OF I M IE R I OR - GEOLOGICAL SukVEY EkOCESS DA1E 08/24/86
NUL i t t'L L SIAll0N LISitHG

SOL 1 PS e Al LIM- ELfV.
FLOO- SILICA. SUN OF SOLIDSe MANGS- SikON- INUMe UF LAND

SULFAIE ktDCe DIS- CONS 11- DIS- DORON. IKON, NE S[e IIUN, IDIAL LIIHIUM SufJAC[
DAIE DIS- DIS- SOLVED TULNIS, SOLVE D DIS- DIS- DIS- D1! - MLOV- DIS- DAlun

of SOLVED SOL VE D (MG/L plS- ( 10ers SOL VE D SuLVE D SULVED SUL VE D & k Al'L E SOL VE D (FI.

SAnfLE (MG/L (MG/L AS SOL VE D FEk (UG/L (UG/L (UG/L (UG/L (UG/L (HG/L ADOVE

AS SO4) AS F) S102) (nG/L) AC-FT) AS D) AS f E ) AS Nr!) AS SR) As AL) AS LI) NGVD)

400945) (00950) (00955) (70301) (70303) (01020) (01046) 401056) (03000) (01:05) 401130) 472000)

32-03-30 490 .70 61 890 1.2 -- 110 230 920 -- 51 370.00

82-08-28 56 40 56 360 48 -- 43 2 270 -- 14 765.00

83-03-09 58 .40 58 330 .45 to (3 st -- -- -- 165.00

83-07-25 58 40 57 360 .49 -- <3 <1 -- -- -- 765.00
y

La U 2 -0 9 - 31 50 2.6 62 J00 40 -- 4 7 30 ~~ 26 370.000

La8 83-05-16 to 2.5 61 370 .51 280 13 5 - -- -- 3/0.00

82-07-22 .8 2.9 63 370 . 5 0- -- 6 6 - -- -- 370.00

82-08-31 89 40 50 470 .44 -- 4 2 830 -- 18 500.00

83-03-07 88 .50 49 460 .65 40 3 2 - -- -- 500.00

83-07-20 86 40 49 490 .66 -- 7 2 - -- -- 500.00

82-09-27 35 40 47 360 48 -- <3 13 290 -- 23 510.00

83-95-17 12 .30 46 390 .53 50 <3 7 -- -- -- 510.00

83-07-22 47 .30 44 400 .54 -- 12 4 -- - -- 510.00

82-08-31 38 .50 59 310 .43 -- <3 26 380 -- 15 600.00

83-03-08 38 .60 58 310 42 20 6 1
-- -- -- 600.00

03-04-08 38 .60 58 310 42 20 6 <t -- -- -- 600.00

03-07-20 39 .50 59 310 .42 -- IS 3 -- -- -- 600.00

DJ-08-27 35 1.5 74 370 .51 -- 13 29 84 -- 39 565.00

83-05-17 32 1.6 72 360 49 110 14 27 -- -- -- 565.00

:3* 82-08-27 76 .50 41 350 .48 -- <3 3 390 -- II 515 00CD

#D 83-03-08 75 .60 41 350 49 20 II 1 -- -- -- 515.00

83-07-19 72 . io 41 350 47 -- 13 3 -- -- -- $15.00
*

03-05-18 .2 1.5 62 330 45 100 73 23 -- -- ;- 470.00

LJ 83-03-10 75 .60 44 370 .51 20 5 2 -- -- -- 515.00

k 02-09-30 53 .80 58 290 .39 -- <3 1 ISO -- 17 540.00

83-03-09 52 90 59 200 .39 20 7 <1 -- -- -- 540.00

L8 83-07-20 52 .90 56 290 .39 -- 14 3 -- - -- 546.00

B3-07-26 90 .40 46 440 .60 20 6 <a -- -- -- --*
02-03-30 21 .60 69 210 .29 -- 6 <1 67 -- 13 550.00

.
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TABLE A.5

WATER-QUALITY DATA. USGS REGIONAL STUDY (continued)y
C2

O'

[ UNITED STAftS 1.[I Ak1 M[ N T OF IMtfkt0R - CE UL UG ICf L $ Uh Vt' Y FAOCESS DATE 01/24/06
MULI1kLt blAllpN LISilNG

>* LF[- Ni1FO-
* 5FE- CIF IC CAktON Gt N e
w (1FIC CON- fH D I O X 11aC NO26NO3 HARD-

DATE (. O N - DOCI- OXYGEN, FH 1AB DIS- DIS. NLS$
' Of T[MfER- DUCI- ANCE DIS- (51AMD- (STAND- SOLVf D LOLVLD (MG/L,

srAT!Od N't%t A SAMFLE TIME A r u k t' A N C 1. LAD SOL VE D AAD Ahh ( Mt,/ t ( n6 /1 AS'

(DLG C) (unHOS) EUMHOS) (MC/L) UMilL) UNIIS) AS C02) AS N) ' CACO 3)

(00010) (00095) (900v5) (00100) (004006 (00403) (00405) (00a31) (00900)
1

46200211u460101 83-03-08 1100 22.0 250 271 4.6 7.7 0.1 3.0 .93 72

81-07-20 1200 23.0 Os0 241 4.9 7.9 7.9 2.4 10 73

462210119351001 83-03-10 0915 16.5 415 427 .8 7.9 8.0 3.0 <.10 130
46221111V141301 83-05-31 1130 14.5 200 218 -- 6.3 7.2 39 3.3 13

46221vilh5/0101 83-07-21 1900 17.*s 622 610 7.2 8.0 0.0 3.5 5.4 21 0

es??ls1191$1601 83-05-31 1030 17.0 183 195 -- 6.9 7.3 14 2.6 64
46223011v015501 82-08-27 1045 18.0 690 671 -- 8.0 8.4 3.4 9.2 2 *s o

83-03-11 0900 15. *. 645 674 -- 7.7 /.9 U.0 9.3 260

83-07-21 1715 18.5 660 652 9.7 8.0 8.0 3.5 9.5 260
442233119162001 83-05-31 0930 17.0 212 229 -- 7.4 7.7 4.7 4.4 84

4622.49119002201 83-05-17 1600 16.5 830 830 8.7 7.8 8.0 6.2 8.1 300
> 89-07-22 0815 17.0 838 ute U.5 7.0 7.9 6.3 IJ 400

b 462300118472201 83-07-19 1230 19.0 728 704 10.2 7.9 7.9 20 11 220
Ut 4 $ 2 40511912".,r.01 82-08-30 1430 !4.5 435 433 .1 7.8 U.0 6.0 <.10 81

u3-03-09 1130 24,0 430 438 .4 7.9 7.9 4.9 <.10 82

83-07-25 1315 24.5 423 427 .1 7.5 7.9 13 .22 81
46273011v001501 82-08-30 1745 17.5 585 550 .8 2.2 9.4 2.0 1.7 110

83-03-09 1415 16.5 515 586 2.6 8.3 U.2 1.6 1.9 120
W3-07-21 1945 17.5 588 607 .6 8.3 8.1 1.6 1.6 110

q 462?371135S2501 82-08-30 1615 21.5 375 374 3.4 8.2 8.2 1.7 3.4 73

83-05-18 1310 21.0 380 388 3.3 7.8 8.0 4.4 4.1 78
81-07-21 1315 22.0 375 371 3.2 U.0 8.0 2.5 3.4 77

4S2747119004701 83-03-10 1100 14.5 555 585 8.8 7.8 8.0 6.6 4.0 220
4$2757119135001 83-05-31 1300 18.0 424 450 -- 7.8 80 5.4 4.1 190

4 62826119 u v 1's01 83-05-23' 1300 22.0 296 296 .1 8.1 U.2 1.8 <.10 69

83-07-25 1130 21.5 086 289 .1 7.8 8.1 3.7 <.10 49*

on 462925119094001 83-03-11 1100 12.5 370 404 3.4 8.3 U.3 1.6 <.10 25
,| :3 es3003119 50201 82-08-30 1030 18.5 395 396 .2 c.2 8.3 1.9 <.10 53

4D H3-03-09 1630 18.5 378 405 .1 8.2 8.1 2.1 <.10 54

% 83-07-26 1200 19.0 386 393 .2 8.1 0.1 2.7 <.10 56
i

Ut463245119184001 83-06-03 1945 17.0 310 327 -- 7.9 8.0 2.9 5.1 120
43124*.119193001 83-04-03 1545 18.5 390 414 -- 7.8 7.9 4.0 7.7 160

k463253119194401 83-06-02 2000 18.0 393 396 -- 7.9 8.5 3.1 6.9 160
4$1301119273201 83-05-01 1215 18.0 320 340 - 8.0 8.4 3.4 <.10 56

Ut46330511v195001 83-06-02 1900 17.5 390 410 -- 8.0 8.3 2.5 7.0 150
@

453329119201001 83-06-02 1700 18.0 390 404 -- 7.8 8.4 4.0 6.1 150
463338119195v01 83-06-02 1800 18.0 385 412 -- 7.8 8.6 3.9 6.9 160
443340119043901 82-09-01 ta15 17.5 745 741 7.8 7.0 8.0 4.7 8.2 340

83-03-10 1930 17.0 735 744 8.4 7.6 8.0 8.6 7.9 320

_83-07-22 1000 17.5 735 712 7.5 7.7 7.9 6.0 7.6 330

- _ , _ _ . , __ _ , _ _
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TABLE A.5

j WATER-QUALITT DATA, Uf.GS REGIO!EAL STUDY (continued)
47
H
(D

y UNtit D ST AILS DEF Akinf MI 0F IMIERIOR - CE0 LOGICAL SURVLY rkuCE SS DATC 0t/24/06
mul f I p t t SIAftON LISTING.

(Je HAAD-
HARD- NESS MAGME- SODIUM FOTAS- Atha- DICAR- CAR- CHLO-
NtSSe NONCAR- CAL C IUM SIUMs SODIUMe Ab- SIUMe LINITY IONAIE 18UNAIE k 1 Di~ e

DATE NONCAR- 18DNAIC DIS- DIS- DIS- SORP- DIS- LAD II-F E D 11-FLO b t 's-
H& DONAIE (MG/L S OL VF D SOLVED SOL VE D TION. SOL VED (MG/L (MG/L (MG/L sot.Vf D

Sent t E (MG/L AS (MG/L (nG/L EMG/L RAIID FEACENT (MC/L AS AS AS (nG/L
CACO 38 CACO 3) AS C.9) AS MG) AS NA) SODIUM AS h) CACO 3) HCO3) 003) AS CL)
(00v02) (95902) E00915) 400925) (00930) (00931) (009J2) (00935) (90410) (99440) (9V445) (00940)

H3-03-Ou 0 0 17 7.1 24 3 40 6.3 130 liv 000 7.0
83-07-20 0 0 17 7.4 25 1 40 6.7 304 122 .000 7.3H3-03-10 4 4 28 24 J4 1 35 8.J 132 151 .000 3.4
U3-05-31 33 33 22 4.5 12 .6 25 2.9 59 49 .000 U.5
33-07-21 67 67 61 23 31 .9 21 6.6 182 220 .000 31

83-05-38 8 m 19 4.1 11 .6 26 2.6 35 49 .000 9.8
82-03-27 66 66 43 35 35 1 22 11 193 227 .000 39
63-03-!! 52 52 44 36 35 1 22 11 188 251 .000 39
H1-07-23 76 76 44 36 36 3 22 11 190 222 .000 38
8 3 - O*s - 31 24 24 26 4.7 9.7 .5 20 2.2 62 74 .000 7.9

|t>
0 MS-05-11 100 181 60 57 25 .6 32 2.1 195 248 .000 55L** 83-07 22 190 193 60 60 27 .6 1J 2.0 214 249 .000 54n3-07-tv 100 tot 46 25 el 2 37 9.4 117 13Y .000 7482-00-30 0 0 20 7.4 60 3 SW 11 196 238 .000 tv

93-03-09 0 0 20 7.8 60 3 58 11 202 243 .000 19

83-07-25 0 0 20 7.6 59 3 57 11 204 258 .000 20
U2-ON-30 0 0 30 8.5 81 3 57 10 159 19H .000 3183-03-09 0 C 33 8.9 80 3 55 19 165 198 .000 J435-07-2t 0 0 29 8.1 80 4 57 20 169 200 .000 29
U2 - 0 8 -- 3 0 0 0 18 6.9 46 2 53 11 131 169 000 8.7

3.5-05-10 0 0 19 7.3 47 2 53 at 140 176 .000 8.0
H3-07-21 0 0 19 7.2 46 2 52 11 142 159 .000 9.631 01 to 9 9 53 22 29 .9 21 4.9 107 268 .000 2383-05 31 7 7 49 to 19 .6 1/ 5.9 *178 721 .000 9.4
83-05-25 0 0 18 5.9 32 2 47 6.2 114 143 .000 6.4

00 83-07-25 0 0 18 5.9 31 2 47 6.3 118 148 .000 6.4[ N t -0 3 II O o 6.0 1.9 72 7 79 13 167 204 000 14
m U2-08-30 0 0 15 3.7 62 4 68 Y.6 139 193 .000 19r+ 31-03-09 0 C 15 3.9 63 4 68 9.6 169 208 .000 18u3-01-26 0 0 16 4.0 62 4 66 9.3 172 235 .000 20t m

I
O 03-0$-05 6 6 JI 11 25 .6 20 5.0 120 343 .000 6.0** H3-06-03 27 27 43 12 18 .6 19 5.7 124 159 .000 1383-06-02 38 31 44 12 18 .6 19 5.7 129 157 .000 12g
g 0 3 - O t. 03 0 0 36 4.0 56 3 65 7.1 172 215 .000 6.9

S3-06-02 27 27 42 12 29 .7 20 5.6 128 135 .000 12

N3-06-02 23 23 41 12 20 .7 22 5.1 130 157 000 12H3-06-02 32 32 44 12 19 .7 20 5.4 128 155 .000 14H2-OV-Ol two 1YO 72 39 22 .5 12 5.1 150 105 .000 L431-03-10 150 145 66 38 21 .5 12 5.1 157 215 .000 5t'? 4 "'-?? I70 173 49 38 21 .5 12 5.1 ISS 190 .000 53

- _ - _ _ - _ _ _ _ - - - --
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TABLE A.S
f
' H WATER-QUALITT DATA, USGS REGIONAL STUDY tcontinued)

Da
O*'

w
UNITFD ST ATES DEPAkTM NT OF INTEkt0R - GIOLOGICAL SURVEY FROCESS DATE 01/24/U6tD

.*~ nuli15 L t. b1AT10N Lt$ltrG
* SOL I DS. Allin- EtlV.

ftuo- trLICA. Sun OF SOL I D S e MSNGA- STRON- I Nt an . OF LAND

SULFATE htDE. PIS- CONSit- DIS- tiDAON. IKON. NESE. 1 1 U ft . 1 1 At L11Hauft sus t ixC .
DAIC Dis- DIS- ta0LVED IDENISe $0LVED DIS- DIS- DIS- DIS- EECUV- DIS- DAlun

UP SOLVED SOLVfD enG/L DIS- (10nh SOLVCD betVLD SDL VL b solvtp E k Atil Sut V[p (fi

SAMFLE (MG/L inG/L AS SOLVED MR (UG/L (UG/L tug /L tug /L (uG/L (UG/L A b o*/C

AS 504) AS F ) %102) (MG/L 3 AC r1) A5 b) AS t E > As nM) (.S Sk) AS AI.1 AS t I) Mt.VI. )

(00945) ('0950) (00955) 470301) (70303) (01020) 401046) (01056) (01080s (01105) (01130) 472000)

83-03-08 19 .70 49 210 .28 30 7 <1 -- -- -- 550.00
i

N3-07-20 20 40 69 210 .29 -- 7 2 -- -- -- 550.00

83-03-10 et .50 43 290 .39 20 34 39 -- -- -- 495.00

33-05-38 19 40 15 180 .17 -- -- -- -- -- -- Jaf5.00

83'07-28 87 40 39 390 .53 -- 7 2 -- -- -- 53b.00

83-05-31 17 .50 13 110 .16 -- - -a -- -- -- 375.00

e2-08-27 10 .50 56 400 .55 -- 5 <1 470 -- 11 640.00

,
83-03-11 68 .40 57 410 .56 10 9 1 -- - -- 440.00,

! U 3 - 0 7- 21 67 .60 55 400 .54 -- 24 9 -- -- -- 640.00

f 83-05-31 18 .50 13 120 .38 -- -- -- -- -- -- J74.00

!

83 05-17 120 .30 50 490 .67 20 14 3 -- -- -- 720.00' 5*>-

h 85-07-22 120 .40 51 500 .68 -- 8 3 -- -- -- 720.00

%a u3-o/-19 92 .40 58 430 .59 ~~ 10 2 -- -- - C60.00

4 82-08-30 10 .80 48 310 43 -- 120 53 150 -- 35 815.00

! u3-03-09 .9 .90 72 310 .42 70 150 47 -- -- -- 845.00
a

83-07-25 1.6 .80 68 320 43 70 130 44 -- -- - 845.00

82-Ou-30 94 .30 37 400 .54 -- 4 67 130 -- 21 625.00

<
83-03-09 100 .30 32 400 .55 30 0 64 -- -- -- 425.00

05-01 21 09 40 35 390 .53 -- 6 59 -- 40 -- 425.00

82-08-30 27 .90 SS 290 .37 -- e <t 92 -- 35 u,0.00

83-05-18 27 1.0 84 290 40 40 16 2 -- -- -- 850.00

83-01-21 27 1.0 80 280 .39 -- 9 8 -- 30 -- 050.00

83-03-10 48 .30 41 370 .38 30 3 <1 -- -- -- 592.00

83-05-31 28 .30 42 280 .37 -- -- -- -- -- -- 431.00

83-05-23 23 .70 51 210 .29 30 10 8 -- -- -- 690.00

I 83-07-25 24 .60 50 220 .29 30 5 9 -- -- -- 890.00

03 03-11 14 1.7 61 ?eo .39 80 9 I -- -- -- 920.00I $
i fD 82-08-30 II .80 42 280 .38 -- 35 2V Y1 -- 10 J90.00

(D u t-0 3 -09 9.6 90 62 200 .39 30 57 23 -- -- -- 390.00
,

! U3-01-26 9.4 .90 41 290 .J9 30 49 22 -- -- -- 390.00"

! N
R3-06-03 20 .30 36 190 .27 -- -- -- -- -- -- --

O e3 03.oj 36 40 3g 24o ,35 .. .. .. .. .. ... ..

i H3 Ot.-02 35 40 38 240 .34 - -- -- -- -- -- 438.00, *

gji 93'04-01 .8 .90 44 240 .30 -- -- -- -- -- -- --
i

<?* 83-05-02 35 .40 38 240 .3a -- -- -- -- -- -- --
',

83-04-02 37 40 38 240 .35 - - - -- -- -- -- -- --

;

4 m3-06-02 35 .40 3W 240 .36 -- -- -- -- -- -- -- '

I
!!2-09-01 120 .JO 57 460 .63 -- 4 5 470 -- 15 914.00

| 83-03-to 100 .30 56 460 .63 20 <3 2 -- -- -- 914.00

]
33-07-22 130 .30 55 460 .6? -- 5 <1 -- -- -- 914.00 j
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TABLE A.$

WATE3t-QUALITT DATA. USGS REGIO!!AL STUDT (continued)
C*
w
(D UN I I[I. f,1 A I L $ l'I P Ah I ME N T OF I t'l & R 10R - GE Ut UGIC AL $UAVfy t Act:t 55 bAIE 08/24/84

MUL I1F L E SIA110N LISI1NG.g,,
5fE- NI1h0-

.

LA SFE- Cap AC CAR 50N Gt N o

CAFIC CON- I'H DIDXILE NO24NO3 HA fi D -

DATE CON- Duci- OMYGEN. F Dt LAD DIS- D1S- NtSS

Uf IEMfEk- buCT- At*C E DIS- (STAND- (STAND- SOLVED SOLVED (MG/L
sfATION NUM>th $ AM) t ( IIME A iufs f ANCE lab SOLVfD AED AAD ( NG /t (MG/t AS

(L'tG CD (UnHOS) ( t:nH05 ) (MG/L) Ut!!IS) Utt a l S ) AS CO2) AS N) CACU3)
( 00010 f 400095) (90095) (00300) (004(5) (00403) (00405) t00431) (00900)

443340 19793001 ~83-06-02 1400 17.0 379 393 -- 7.7 8.1 4.8 5.5 150
es35S$1tv204001 W3-06-02 1445 17.5 4I0 427 -- 7.3 8.3 12 5.4 140
4d3400119041001 62-09-01 1345 16.0 925 911 E8.0 7.9 8.2 5.6 8.0- 360

83-03-10 1250 15.5 955 900 9.2 7.5 7.9 to 6.8 340
UJ-07-24 1530 16.0 845 843 9.2 7.6 7.9 13 7.4 3Lo

46140511Y210103 03-06-02 1230 17.0 320 337 -- 7.7 8.5 4.8 2.3 330
46341vitv2tos01 W3-04-02 1330 11.5 165 184 -- 7.3 8.9 6.0 .31 74
493423189221501 83-04-02 3030 17.0 321 339 -- 7.7 0.0 5.5 1.3 110
46362L119152801 U3-03-14 1613 28.S 37S 394 3.8 8.4 8.S 3.1 .22 3

83-07-2a 1340 29.5 382 390 -- 8.4 8.4 1.1 <.10 4

y 4&J747119041601 82-09-01 0930 21.0 320 ,334 .1 8.0 8.3 2.8 <.10 01
82-03-10 1000 20.0 341 384 1.5 7.9 8.0 4.5 <.10 94

W W3-07-22 1200 20.5 9 435 433 .I 7.9 7.9 4.8 '.10 140
*

i 4&3743118511508 82-08-31 1530 - " - 310 310 7.4 8.0 8.2 2.4 .95 110
a UJ 03-10 1230 9.5 298 321 7.7 8.0 D.1 2.5 1.0 120

|
83-07-21 1830 19.5 310 311 6.4 7.9 7.9 3.1 .99 120

463828118434701 82-09-02 0900 16.5 395 395 4 8.7 8.6 .6 . 's 4 43
83-03-10 1030 -- -- -- .1 -- -- -- -- --

u3-03-to 1030 17.0 391 422 .I 8.8 8.7 .5 <.10 33
4tIdS7119474101 82-08-31 1300 18.5 420 417 5.8 7.9 8.4 3.8 3.9 100

83-05-18 1500 18.0 471 486 a.0 7.8 0.0 5.3 5.5 120
83-07-21 1300 18.5 449 442 6.6 7.8 7.9 5.0 4.5 120

4434L11tv29210t W2-09-02 1045 10.5 835 887 2.9 7.7 7.9 9.4 5.8 350
83-05-20 1400 14.5 v20 802 3.8 7.7 7.8 9.2 7.0 330
m3-07-21 1643 17 0 830 708 3.4 7.7 7.8 9.4 7.0 340

444040118212301 82-09-01 1345 29.0 790 778 E.1 7.5 7.8 25 .48 240
fl4 H3-05-20 1530 20.5 7v0 701 .1 7.4 7.7 J1 .J9 240
Of 83-09-03 1285 29.5 766 771 .I 7.2 7.7 49 .29 240

$, 44404utiv_'12Wot U2-Od-31 1630 22.5 460 647 14.2 7.8 U.2 4.5 12 230
UJ-03-10 I400 20.0 645 677 5.7 7.6 7.8 8.3 11 240r

* 83-07-27 0900 20.0 eet 651 5.5 7.7 7.8 5.8 12 240
o 454830t18581701 82-09-02 0930 17.5 440 446 7.8 0.0 8.2 3.t 2.0 180
m 03-03-11 09S0 37.0 440 449 7.7 7.6 8.0 7.4 1.9 170

83-07-27 1030 87.5 432 433 -- 7.0 8.0 4.9 1.9 170
444232119020 WOR H2-08-31 0845 16.S 375 383 7.4 7.7 8.1 6.0 1.2 150m

| 83-03-14 1345 15.0 370 389 8.5 7.5 7.9 9.4 3.4 150
83-07-26 1030 16.5 375 379 U.2 7.7 7.9 6.2 1.3 ILO

( 434407:19391801 82-08-31 0900 21.0 300 311 3.4 7.8 8.4 3.7 .83 120
I us-03-16 0945 te.S 2ve 31u 4.0 7.7 8.0 5.7 .71 120

| ,,83-07-26 1720 20.5 310 309 -- 7.9 7.9 3.0 .84 120

i
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TABLE A.5

[ WATER-CUALITY DATA, tTSGS REGIOffAL STUDY (continued)
U*
w
4 HN t il b LI AIL S 1 LF AA TMINI 0F IN f t h lor: Gt040GICAt CUhviY ikOC[SS b4TE Ot/24/H6y MUL f1F E L SIAft0N LISilNG

HARD-.

til H A A D -- Nt SS MAGNE- $003Un f0TAS- AtkA- BICAR- CAR- CHt0-NESS. NONCAR- CALCIUM $1UMe 50DIUMe AD- SIUne LINIIY bONAIE BONAIC habEeDAIL NONCAA* l'QNAIL btS- bt$- btS. $ D5# = $15- LAR II f LD 1T4th b1$~
UF tr0NAIE (MG/L SOLVED SOL vi b SolvtD TION SQLVFD ( PtG/ L (MG/L 4MG/L $06 VCD.'.mo L E (MG/L AS (nG/L (nG/t (MG/L h /. I l o F-L ECE N T (NG/L AS AS AS (MG/tCACOSA CACO 3) AS CA) AS MG) AS NA) SOblUn AS h) CACO 3) HCO3) C03) AS CL )

(00900) (95902) (00985) (00925). (00930) (00931) (00932) (00935) (90410) (99440) (99445) (00/40)

83-06-02 21 21 40 11 10 .7 21 5.2 122 152 .000 1383-06-02 36 36 42 13 22 .8 22 5.2 123 149 .000 14j 32-09-08 140 155 84 41 52 1 23 4.8 241 2H0 .000 49et 03-to 100 tot 80 39 51 1 23 4.3 255 317 .000 47j 31-07:26 95 ft 77 Jf 32 1 24 4.2 255 J20 .000 47

W3-04-02 2 2 37 8.0 21 .8 26 4.4 124 251 .000 7.445-06-02 6 6 22 52 6.e .3 le 1.4 73 94 .000 3.482-06-02 0 0 34 72 27 1 33 5.5 138 172 .000 4.433-03-84 0 0 .77 .34 76 19 67 to 158 168 6.0 1483-07-26 0 0 .79 .43 75 17 88 15 149 176 6.0 15
y, 32-09-01 0 0 19 82 38 2 48 4.0 140 177 .000 toa u t -03 - 10 0 0 22 9.4 40 2 46 7.1 167 225 .000 12D4 U1-07-22 0 0 31 14 38 3 J6 0.0 202 241 .000 I?O

ae2 - 00 - 31 0 0 25 12 18 .8 25 4.9 113 153 .000 9.2us-03 -to 0 0 2/ 12 to .7 24 4.7 138 155 000 to
03-07-21 0 0 27 13 IS .7 24 5.1 830 155 .000 8.602-09-00 0 0 13 31 49 5 74 4.9 131 177 5.0 7.883-03-10 -- -- -- -- -- -- -- -- -- 184 -- --'
uJ-b3 to 0 0 9.5 22 74 4 80 6.9 163 1U4 7.0 9.282-08-31 0 0 23 11 48 2 49 5.5 140 108 .000 9.4

,

83-05-13 0 0 28 13 52 2 46 5.8 ta9 209 .000 1183 -0 7 't 0 0 2, 13 51 2 47 5.8 165 200 .000 to, J2 09 -02 100 103 77 37 40 1 20 5.9 243 296 .000 55I 83-05-20 92 92 73 34 41 1 21 5.7 230 291 .000 44al 07 21 93 93 74 37 41 1 2t 5.9 245 298 .000 54

H2-09-On 0 0 37 35 80 2 40 19 396 489 .000 toCA 31-05-20 0 0 35 34 83 2 40 21 402 494 .000 84g W3-08-03 0 0 35 34 82 2 41 18 402 491 .000 13ny u2-08-38 86 84 49 27 41 1 2a la 143 180 .000 JOc' 83-03-80 73 73 50 2V 42 1 26 11 149 209 .000 29

o 83-07-27 89 89 SO 28 42 1 24 at 157 184 .000 Jo82-09-02 19 19 36 21 22 .7 21 4.4 149 193 .000 17C) a1 03-11 16 34 33 23 22 .8 21 6.4 98 184 .000 11* 8J-07 27 13 13 34 21 22 .8 21 6.0 159 193 .000 14(p H2-08-J1 0 0 30 19 20 .8 23 48 150 190 .000 7.70%
83-03-84 0 0 29 IS 21 .8 23 4.7 139 188 .000 8.331-07-26 0 0 23 19 23 .8 23 51 150 194 .000 7,982-08-11 2 2 30 18 17 .7 23 5.5 124 145 .000 7.4 )US 03-Ba 0 0 30 11 17 .7 23 5.2 124 *u' 000 7. .83-07-26 0 0 30 11 17 .7 23 5.1 135 000 7.3 i

j
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TABLE A.5

H WATER-QUALITT DATA. USGS REGIONAL STUDY (continued)
Da
O~
e*
fD UNITED ST ATES DEFAAIMENT OF IN TE RIOR - GE0t0GICAL SURVt'Y F AOCt'SS ba f f 01/24/86 '

Mut g it t i L I A T I hrt t I S i t tf u

Ut FLU 0- SILICAe SUM OF SOLIDS. MANfiA- SIRHN- INHMe OP $ ANie
butfATE htt(e DIS- CONSil- Dtb- Is 0 E 0 -e e ILOMe t t st e ItuM, IUIAL LITHluM 1,ukt ies t

PATE DIS- DIS- SOLVED IDENISe SOLVED DIS- DIS- DIS- DIS- hECOV- DIS- DalHM
uf 501 vt e 50t vt 's (MGrL DIS- (lows !Ut vt D 1.ut VI D but VE D sot VC D t k Al< t L SOE Vi la (l 1.

SAM L E (M /L (MG/L AS SOL VE D ttk tub /L (uG/L ( UG / t. (UG/t tun /L tub /L A t'oVL
AS SO4) AS F h SIO2) (MG/tb AC-FT) f5 D) AS F E ) AS MM) AS SR) P S At ) AS I!) t'GVD >

(00945) 400950) (00155) (70301) (70303) 8',1020) (01014) (o1054) 401000) 40130*.) <01130) (/2000)

ul 06-02 38 .40 36 240 .33 -- -- -- - -- -- --

83-04-02 50 .40 37 250 .37 -- -- -- -- -- -- --

#2-09-08 ISO .30 48 570 .77 -- 4 2 010- -- 10 030.00

el-03-10 150 .30 44 570 .79 30 8 -t -- -- .- uvo.00

83-07-26 120 .60 51 550 .75 30 5 <I -- -- -- 990.00

03-04-02 31 .40 32 220 30 -- -- -- -- -- -- --

U3-04-0* 14 .00 15 110 .34 -- -- -- -- -- -- 305.00
31-04-02 23 .40 35 200 .29 -- -- -- -- -- -- 413.00
83-03-14 19 2.4 44 290 .39 80 38 6 -- -- -- 950.00
US-O'-25 20 2.4 44 290 40 00 39 3 -- -- -- V52.00

82-09-03 at .50 44 240 .33 -- 35 58 170 -- 33 995.00
, |Da 83-03-10 13 .50 et 200 .37 30 94 11 -- -- -- 995.00
l e

d 81 07-22 37 40 61 300 .41 -- 790 150 -- -- -- 99*s.00'

>" 32-09-31 21 .50 49 210 .29 -- 4 st 150 -- 12 1070.00
R3-03-10 19 .60 48 200 .29 30 <3 2 -- -- -- 1070.00

83-07-21 20 ."0 40 220 .29 -- 10 :t -- -- -- 1070.00
82-09-02 44 .70 39 2WO .38 -- 39 2 44 -- 29 7H5.00
83-03-10 K -- - -- -- -- -- -- -- -- -- -- /35.00
83-03-10 33 .80 41 280 .31 30 120 <10 -- -- -- /PS.00
82-03-31 33 1.3 50 270 .37 -- ,3 <t 120 -- 17 735.00

83-05-18 43 1.3 49 380 .42 40 <3 st -- -- -- 785.00
* $3-07-21 39 1.2 49 290 .40 -- 3 st -- -- -- 78". 00

82-09 02 92 .30 42 500 .47 -- 4 5 350 -- t7 3000.00
33-05-20 92 .40 42 490 .a4 40 7 3 -- -- -- 1000.00
83-01-21 40 .30 41 490 . 6 '1 --' 18 6 -- - -- 1000 00

82-09-01 17 .40 100 550 .74 -- 32 42 190 -- 81 1340.00

ca 3-05-20 to .70 100 550 .74 J00 39 41 -- -- -- 1340.00s
D113 -OS-0 3 t? 70 99 546 74 300 21 4I -- 50 -- 1340.00
(082-08-38 100 .50 41 410 .s5 -- 4 1 350 -- 18 10u5.00*

$8 3 -0 3 -10 130 .40 43 440 .59 20 <3 sa -- -- -- 1035.00

>dH3-07-27 Ito .50 40 420 .57 30 e <3 -- -- -- 1085.00
# 32-G9-02 55 40 58 310 42 -- s3 3 270 -- 12 'I15.00

oBS-03-st 49 .50 58 2VO .40 40 12 1 -- -- -- 1115.00
r%W3-07-27 48 .50 el 300 41 40 14 1 -- -- -- 1315.00

n.* - C e - 31 Ou 40 53 260 .35 -- J 2 240 -- 0 1086.00
t>t

(b
83-03-14 27 .50 51 250 .35 40 20 4 -- -- -- 101a.00;

1 83-07-26 33 .50 31 260 .35 40 13 1 -- -- -- 1016.00
! 92-08-11 24 .30 45 230 .31 -- <3 1 170 -- 7 600.00
! 83-03-16 22 .30 59 240 .33 <10 72 4 -- -- -- 680.00
i 83-07-24 22 .30 43 2D .31 (10 8 2 -- -- -- 480.00

_. - - - - _ ,. - - _ _ , , -
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TABI.E A.5
-

d WATER-QUALITT DATA, USGS REGI0ftAI. STUDY (continued)
Os
CT
>-a
(9 UNilt D S T AIE S 14 F AR TME NT OF INTERIOR - GEOLOGICAL SUkVEY FAOCESS DATE 01/04/96

7uaitetr SIAftnN tISIINuy
. &# L- NtikO-

LD SFE- Cf 61C CARDON GFNe ,

l' a s S C (UN- fH b l O A l tel NO20NO3 HAkh- ]

I'A T E CON- DUCI- OWYGEN, FH LAD DIS- DIS- N6 5$

o f- 11MFfk- 1 SOL T - ANCE IstS- (STAMD- 6f1AMD- SDLV"D SUt V( D (MG/L

STAftDN NUMtet h $ AMP L [ IIM[ AIUhl ANC[ (AD SOL Vf D Akh AEH ( ft0 / L (Mb/L Ah

(I'EG C) (UMHOS) (UMHOS) (MG/t) UMIIS) UNtiS) AS CO2) AS N) C.~.C O 3 )

4000B06 4000959 (70095) 400300) (004003 (00403) (00405) (00633) 400900)

464e1288911540I 82-08-31 1130 19.0 560 565 5.8 8.2 8.3 1.9 4.0 220 |
j

d 83-03-15 0900 34.0 5 *,7 592 9.4 7.8 8.0 4.9 4.1 240 f

83-07-26 3645 38.5 SPO 573 8.2 8.3 8.1 1.6 4.4 220 I

4s44tStas57530t 82-08-10 ov00 t5.5 787 795 1.6 7.7 8.3 6.8 12 360

83-03-14 1135 14.5 790 789 8.0 7.4 7.9 13 v.2 340

8t-07-27 1230 15.5 788 742 7.8 7.7 8.0 7.0 12 340
e64420tt9383401 82-08-19 3630 20.0 310 311 3.4 7.8 8.1 3.9 .81 Ito

83-03-15 1300 16 5 300 3I4 3.5 7.8 8.0 4.4 .30 tto

83-07-26 1850 20.0 305 305 -- 7.9 7.9 3.1 .76 110
4s4507148175505 82-09-08 2015 20.0 4to 444 .1 7.7 7.8 8.7 <.10 150

.p. 83 05-24 1200 20.0 435 454 -- 7.4 7.8 17 .14 150
8 83-08-26 1430 20.0 445 447 -- 7.7 7.7 8.8 <.10 1b0
8* 444518888t8520t 82-08-06 1745 16.5 520 See -- 8.0 8.1 4.8 3.2 190

|
8 9 - 0 ~e -2 4 1320 17.0 520 L28 -- 7.9 43 . 0 5.9 1.4 360

83-08-22 1530 16.0 402 421 -- 8.0 7.9 53 4.2 230

434$50813401401 82-08-07 1400 17.0 565 467 7.3 8.1 8.1 1.9 25 260
83-03-14 0915 16.0 527 557 9.8 7.7 8.1 5.0 12 230
83-08-01 le30 17.0 785 748 9.2 80 8.0 2.4 35 340

464727118560501 83-05-24 1000 28.5 372 390 .5 9.1 8.8 .2 <.10 14
4S4752118500808 83-05-20 1830 25.5 348 348 1.0 8.J 8.2 3.4 .IB 43

i
' 83-08-02 0945 25.5 334 345 .8 8.4 8.4 1.0 <.10 43

464753113573v01 82-08-10 1045 23.0 390 J95 3.3 8.8 8.8 .4 <.10 43
83-05-19 1330 23.0 400 399 4 8.8 8.7 4 (.10 44
89-07 ~*9 1400 25.0 J79 J78 .7 8.7 8.8 .5 < .-10 JA

i 444759118363301 83-05-26 1100 22.5 389 403 -- 7.8 7.9 4.2 (.10 63
|

4s4802118495501 82-08-09 1200 26.0 320 330 F2.4 8.4 8.6 .7 .26 44

00 444810ttBSv5901 83-05-19 1230 17.5 362 362 1.8 8.6 8.4 .5 1.3 82

[ is490311SS/1601
89-07-29 1843 19.0 3L2 356 -- 8.7 8.6 .4 11 75

g 83-05-27 1650 19.0 397 413 1.9 0.0 0.0 2.6 .34 99 .

r+ 83-08-01 1230 19.5 392 393 -- 8.0 8.2 2.6 .29 YO I
i

!
[ 464V23838234501 82-08-07 1030 15.0 301 301 3.8 8.1 8.3 2.2 48 96

83-05-24 1015 14.5 291 305 5.1 8.2 8.1 1.H 1.2 92
C) 83-08-03 1045 15.0 293 300 5.1 8.1 8.2 2.2 .49 92
P'* 4s49248E93?4501 82-08-07 I400 t7.0 388 318 4.3 8.4 8.3 1.0 1.5 130

83-08-01 1545 19.0 334 340 .7 8.5 0.3 .8 2.1 1209
'

<?*
{ 444924118374 02 8F03-te 1850 17.0 318 341 4.5 8.4 3.5 .4 1.4 sto

464928119103201 82-08-10 1500 26.5 440 444 8 9.3 9.4 .1 .36 28
83-03-85 13 *A 26.0 432 467 1.4 9.3 9.2 .1 .50 30
83-07-27 0835 26.5 4t9 438 .9 9.1 9.0 .2 .34 19

464+40138273001 '83-05-2/ 0945 16.5 262 282 7.9 7.4 7.9 4.1 .74 120 .

. , - - _ ._. ,



. - _ . _ _ _ _ . _ . . . . _ m m_ m._. -- . - _ . _ _ _ _- - . . ._ m.- . .

i
i

|
. TABLE A.S
1

WATER-QUALITY DATA. USG3 REGIONAL STUDT (continued)
er
e*

l O UNatED BIAlt5 blF A AIMt NT Of' INttPack - GLULDGICAL SUAvt Y tRC .b$ bATC 08/24/01
1 y MutitFLC SIAfluk L1httHG
1 . HARD-
'

L/' HAhD- NLSS MAONC- SODIUM F'O T A S - Atha- BtCAR- CAR- CHt0-
! NtSS. hohCAk- CAL CIUM $10M. SODIUM. AD- StuM. LINITY PON#TC 90NAIE RIDE.

DATE MONC A A -- tiONAff btS- DIS- btS- 5087- DI$- LAD ti-# L D I T-FL D DIS-,

0F DONAff (MG/L SOLVFD SOLVFD SOLVED TION SOLVCD (NG/L (NG/L (MG/L SOLVCD4

S/ Me t i (ML/L AS (MG/t (MG/L (MG/L kritC FERCENT (MC/L AS AS AS (MG/t.
CACO 3) CACn33 AS CAB AS MG) AS NA) 50 plum AS k B CACO 3) HC0J) C0J) AS f t >

(009027 (95902) (009:51 460925) 400930) (00931) 400932) (00935) (90410) (99440) (99445) (00940)

82-09-11 63 63 38 30 32 1 24 5.9 149 190 .000 32
W3-0 .5 '8 78 41 33 J4 1 23 4.0 tal 194 .000 32
ut-Or-26 59 59 37 32 32 1 23 6.0 162 202 . COO J4
H2-08-10 190 187 74 43 IS .4 30 4.4 t?& 284 .000 48
83-03-84 tVO 198 73 43 su .4 to 41 176 206 .000 au

u3-07-21 180 181 74 43 18 4 10 4.0 144 221 .000 49
32-09-19 0 0 27 18 la .8 25 4.4 its 153 .000 7.1

! ta t- 0 5 - 15 0 0 27 at I8 .8 25 4.4 124 176 .000 7.1
bl-07-26 0 0 24 11 18 .8 25 4.5 127 157 .000 7.1
82-09-08 0 0 2v 19 40 3 35 7.1 226 281 .000 6.1

4 3> 85-05-24 0 0 28 19 39 1 35 7.7 224 275 .000 4.3
8 83-Ou-26 0 0 28 19 39 8 35 7.7 225 279 .000 6.2
[ 4t2-08-06 0 0 44 20 47 2 34 8.5 250 304 .000 to

st-05 24 0 0 35 17 53 2 41 9.2 2J7 293 .000 12
33-08-22 0 0 53 24 42 1 27 8.7 270 331 .000 19

i 42-0U-07 140 340 68 23 15 4 11 3.9 128 153 .000 to
I 89 03-16 99 99 58 20 14 4 12 36 133 157 .000 36
i es Os-04 20 208 90 29 to .4 9 4.6 132 161 .000 - 58
1 21 05-26 0 0 3.7 1.1 78 9 87 8.6 151 tot 8.0 11

]
m3-05-20 0 0 9.3 4.9 57 4 70 7.0 142 172 .000 9.8

Hi-08-02 0 0 9.5 4.8 57 4 70 7.1 146 164 4.0 9.1
| H2 08 80 0 0 9.5 5.2 45 4 71 to 150 to? 8.0 to
4 83 05-19 0 0 9.4 4.9 69 3 72 Il 150 172 8.0 il

M1 0/-19 0 0 7,0 3.7 48 5 7e to 149 155 12 13
33-05-26 0 0 14 4.9 54 3 6'O 13 135 168 .000 31

i U2-OH-OS O O a0 4.4 50 3 64 8.4 139 164 .000 8.8
1 u)
l [gg.o5g, 0 0 13 12 42 2 50 a.4 116 137 4.0 lb

u.s 07-0* O O 12 II 44 2 54 .7.0 127 137 7.0 17
{ e 83 4-27 0 0 20 12 41 2 44 *.7 141 166 .000 19

** u.1 08-On 0 0 19 11 45 2 49 to 147 345 .000 19

1 [82-08-07 0 0 17 13 25 3 34 7.1 146 177 .000 4.2
! W1-05-24 0 0 t7 12 24 1 34 7.1 144 176 .000 4.1O 33 09-05 0 0 17 12 27 : J7 7.2 349 177 .000 4.1" u .* - O tt di 0 0 31 12 to .6 21 3.7 130 156 .000 it
I ve33-09-01 0 0 30 12 20 .8 25 42 127 158 3.0 14

cn.
*3-03-to 0 0 27 9.6 27 1 34 4.8 128 147 4.0 15
32-03-10 0 0 4.9 2.2 88 9 84 8.3 158 153 20 84
ul 03-a5 0 0 6.7 3.3 89 7 83 8.3 145 155 21 a
85-01-27 0 0 4.2 2.0 89 9 97 85 162 179 17 kW
n .3 - C L - 2 7 0 0 28 at 53 .5 19 3.1 127 152 .000 43
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TABLE A.$

.-g WATER-7JALITY DATA. USGS REGIONA1, STUDY (cottir.ued)
Da
C"
e*
@ *fNtIED LIATES I4PAAIMtiff 0F IMifRIOR - GE DI OGICAL SUkVE9 FROCESS bAlt 04/24/G6

MUtilftt SIAllOM LaSIIMG
[ Fedt I DS. AtOH- ittV.

u F000 SIL IC A. WM OF SOLIPSe MANGA- STROM- INUMe Ot iAND
Sut r AT E k I I{ . bib- foN5ft- b8S- 60ADNe IEUN, NESE. IIUMe ICIAL LITHIUM SUAf /.CE

DATE 128 5 - DIS- Sut VE t 6 thtS. Sus Vf D btS- BAS- btS+ btS- ALCOV- bis- E' A l u m

0F 50t W at 5OL VE D (MG/L s'1 S- (IONS SOL Vt p $0t vt p SntvfD 50tv[D ERAttE SotVED (f f.

%Ans't f (M6/L ( n6 / t A3 ya.Uf D FEk (eps/t t ur./ t sug/t quG/t s teG rt (UG/L ADOV.t
# . Suel As f) SIO2) 7/L P AC ft) AS >> AS 7 0 ) AS Me() t.S 1,R ) AS AL) AS I 14 kGYP)
400945) 400950) (00955) t/C308) (703038 (030206 401046) (03056) 401080) (01805) (01130) 472004/

H2-08-31 76 .50 57 370 .50 -- 3 2 380 -- 11 1100.00
is t o f 15 00 70 SF 3D0 .52 30 <J B -- -~ ~~ 3100.00
uf-O'-26 60 .60 56 J60 est 20 ci (3 -- -- -- 1100.00
82-09-10 120 40 45 440 .62 -- 3 2 590 -- 9 1885.00
83-03-14 130 .40 45 460 .6J 20 7 7 -- -- -- 1815.00

US 07-27 130 40 44 v70 .64 20 4 <t -- -- -- 1185.00
U2-08-IV 23 .30 62 230 .31 -- <3 18 170 -- 6 700.00
te l - O n - 15 22 .30 62 240 .32 to e <t -- -- -- 720.00
H t-0 7- 26 23 .30 48 220 .29 10 5 J ~~ -- -- 720.00
82-09-09 11 .80 76 330 .44 -- 8 80 75 -- 24 1030.00

U1-05-24 to .90 76 320 44 20 21 74 -- -- -- 1030.00
y

DI 09-2A at .Yo 73 320 .44 20 to 90 -- 50 -- 1050.00,
& U2- 0U-0 5 23 .50 52 360 .49 -- <3 2 100 -- 33 1082.00
0 31-05-24 19 .60 53 340 .47 20 9 4 -- -- - - - 3082.00

ut.08-22 25 .50 50 .180 .52 20 21 5 -- 40 -- 1012.00

682-09-07 26 .20 41 300 .41 ~~ (3 14 330 -- 7 1420.00
84-03-16 22 .30 43 270 .37 20 7 3 -- -- -- 1420.00
ul 00-01 33 .20 40 350 47 to 6 <I -- -- -- 4420.00
ul-95-16 21 2.8 83 310 42 50 26 2 -- -- -- 12/0.00
n1-05-20 18 1.8 48 260 .35 50 12 <t -- -- -- 1300.00

H3-08-02 13 3.8 65 260 .35 *s0 3 1 -- 40 -- 1300.00.

DJ 09-to s3 2.3 of 290 .40 -- <3 <t 53 -- 14 1220.00
ut 05-19 29 2.3 65 300 41 50 20 (to -- -- -- 1200.00
U1-07-2* 24 3.0 67 300 40, 60 11 1. -- 50 -- 1220.00
H 3 05 .'s 42 3.7 60 290 .39 40 480 55 -- -- -- 1275.00

6#2-08 09 7 1.7 66 250 .34 -- <3 2 52 -- to 1309.00
un U3-05-I9 32 1.0 53 250 .34 20 20 <10 -- -- -- 1242.00
~3" H3-07-29 26 1.3 57 264 .35 30 4 <t -- 40 -- 1242.00
0 W1 05-27 31 70 48 260 .36 20 s3 3 -- -- -- 1260.00

$ 81-09-01 32 .60 48 260 .36 20 <3 <1 -- 50 . - - 1260.00

>" B2-09-07 7.0 40 44 200 .28 -- <3 9 79 -- 14 5780.00
W 81 - O ", _4 7.7 40 44 200 .28 30 17 9 -- -- -- 1780.00

O 83-08-03 0.0 40 42 200 .28 30 e 9 -- -- -- 1710.00
e-o 92-09-07 14 . TO 44 210 .28 -- <3 (t 150 -- 4 1495.00

H3-0U-03 SW .50 48 230 .31 20 (3 <3 -- 40 -- 14v5.00 j.

83-03-16 le .90 56 240 .32 20 <3 3 -- -- -- 1495.00
p2-08-RO 31 4.3 84 350 48 -- 35 2 31 -- 13 1053.00
83-03-15 34 4.8 87 370 .50 90 36 2 -- -- -- 3053.C^
H3<0/~27 31 4,4 83 360 .49 90 40 (1 -- ?O -- 1053.00
83-05-27 7.5 .30 49 190 .26 20 13 (I -- -- -- 1583.00 |

1
;
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TABLE A.5 |
|

H WATEtt-QUALITT DATA. USGS REGIONAL STUDY (continued)
Os
C*
s*
(D HNai(D STAf[$ t+15AkinfMT OF I N T E R 10k - Gf Dt 0G I C M. SukV[Y #8D0155 P/eff 08/24/06

nut ilf t E SI AltuN 4.tSIthG
> t,# E - NITEO-

ifE- CtFtC CARDON GE N e*

u C1f IC C Det- f'H DIO410E NO2fNO3 i4Af:D-
DATE CON- buCT- ORYGENe fH IAb DIS- Es t S - NLh3

*
Of If nt t F;- bv.C f - ANCf $1$~ ($I AftD- ( $ 1 Af|D* 50L VL D EOLV[D (nG/L

StAf20N NUnid R SAnFtE TinF AIDEE ANCE 1A> EDtVED AkP A h i* t hG/t 4 MG/t AS

t sat u C ) (UnHus) (UnHos) (nG/t3 ut*tist Ut'I T 5 ) AS C02) AS #:) CACO 3)

(00010) (00095) (90095) 400300) (00400) (00403) (00405) (004319 (00900)
4 c.49 40 f t H 2 7.50 01 ,83-09-06 1630 16.5 260 272 83 7.9 7.8 3.0 .70 120
46*,0.6319102903 85-05-27 3500 24.5 3 tf 5 407 .3 8.3 0.4 1.7 .11 7

ti l- 0 e - 2 2 1300 25.0 348 3YS -- 8.5 8.4 .9 <.10 6

465022119292001 82-08-07 0915 14 0 264 Joe 8.8 7.9 U.1 3.0 .56 110
te s - 0 5 - 2 4 (w00 16.0 261 271 U.2 7.4 r.9 9.5 3.8 110

83-08-30 1400 16.0 255 264 8.4 7.9 2:0 3.3 . 's 4 sto

4t*tevisvvotect 82-00-10 1200 29.*s 350 356 .1 9.0 9.3 .2 <.10 5
93-05-19 1000 21 5 373 384 5.3 9.0 0.8 .3 .25 28
H3-00-JO 1200 30.0 342 354 1.2 90 0.8 .3 (.to 6

4tSt%2tt3333J04 82-09-31 1830 20.5 540 557 3.0 7.6 S.1 11 2.0 220

85-03-10 1430 20.0 525 538 3.2 |r . 4 7.7 11 2.2 220

[ 83-07-21 1430 20.5 545 538 3.1 7..- 7.8 11 2.3 210
y 4r L x 116:5244e1 02-09-09 1345 J5 . *> 320 324 .3 86 8 . 48 .7 .74 24

%J u3-05-24 0910 26 0 317 327 .2 8.5 8.3 .Y .26 26
H1-0*.-24 1901 -- -- -- -- -- -- -- -- --

455210118212408 82-09-09 0940 17.5 2 10 246 -- 7.8 a.2 3.4 .27 100
83-05-24 1530 16.0 431 241 -- 8.3 8.0 s.2 .33 300
83-09-02 1245 17.5 233 240 -- 9.0 8.2 2.3 .34 100

4 4. s 2 2 r i t u . . _ot H 1 - o ". - 2 6 1530 26.0 3/5 3/6 .5 9.4 9.0 .0 <.10 82
83-0U-03 1030 24.0 355 369 .7 9.2 9.1 .2 .30 12

4't24t t s w es t fot 83-05-27 1200 24.5 JV2 406 .3 8.3 0.0 3.4 .24 62
es5259ta9420202 82-09-09 1700 19.5 287 292 6.9 8.0 8.1 2.7 .50 110

pt-03-II 1250 12.5 217 Ov9 7.4 7.9 U.2 3.4 .37 110

83-08-02 1815 20.0 279 285 -- 7.8 8.2 4.3 .51 110
4 t.514 7118 4 61001 82-08-09 0930 23.5 311 312 .2 8 ."1 8.4 2.0 .35 43

83-05-19 1530 23.0 300 325 .9 8.2 8.2 1.6 .57 31
H3-06-02 1625 23.0 300 386 7 C.3 U.2 1.3 .77 47gn

74t53t?Itatt'401 82-03-05 1855 14.0 344 344 7.3 7.8 8.2 4.1 3.4 360s
fD ff t - 05 - 2 *. 1245 14.* 340 342 28 . 9 8.2 8.0 1.7 4.0 860

% 83-09-02 1600 14.0 3f/ 344 93 7.4 0.2 6.7 3.5 160

. *4 ., t e r t t t*5 :1.101 82-09-08 1555 20.0 370 359 A.4 7.9 8.2 3.5 .35 200
" 63-01-15 1115 14.5 342 Joe 4.4 7.7 8.0 5.5 .32 110

v3-07-20 0915 20.0 353 359 5.1 7.9 8.0 3.6 .68 300
O.43: t*tliv203301 83 03-15 1705 15.0 695 719 8.0 7.8 7.9 6.7 5.Y 200

9.1-07-28 1030 17.0 668 654 7.1 7.9 0.0 4.8 6.9 230
V

es5357stf373701 82-08-17 1100 21.0 510 515 .6 7.9 8.2 4.0 .31 140
H3-03-15 1015 18.5 530 308 3.8 7.) 7.9 6.4 2.4 200
s3-07-27 600 20.5 523 *04 .5 0.0 8.1 3.2 1.3 160

e s * 4 2*.119 25 0 001 T2-08-31 1500 17.5 7" O 763 4.0 7.6 8.8 8.9 7.0 300
83-03-11 1400 17.0 735 749 44 7.4 7.8 13 4.4 280

I
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TABLE A.5

H WATER-OUALITY DATA. USGS REGIO!EAL STUDY { continued)
On
Cr

[ UN11L D $ I A f(S p(F Akin (P'T Or it*ts k t ok - (,104OGICAL SuRVs v #EOCESS DATE 01/24?84
Mutfitte ht Allum L t hl1Nb

*> HARD-.

*
HAkD- N(SS M A 0ftf - SODIUM FDIAS- AtkA- !* T C A R- Cok- CetL D-
NL$Se NONCAR- CAL CION SIUM, SODtuM, AD- SIUMe LaMtiV I'ONARE l'ONAIC R t tic e

*/. i t NONC A ft - I'ONAIE plS- Dt9- fe s s- SokP- Dis- 1A> IT-FLD II-# s D btS-
ut e.ONAst- (MG/L SUL Vf D SOL Vt b SOf VE D isON Sot. vE p (nG/L (nG/L (nG/L SotvfD

sam *Lt (nG/L AS (nG/L (nG/L (nG/L AATIO FEECENT (MG/L As AS AS (nutt
CArole CACO $D AS LAS AS MG) AS NA) SOa4 3 HM AS k) CACO 3) HLO3) 003) A S ( 1. )
100v02) (95902) (00935) (00925) (00930) (00933) (00932) (00V35) 490410) (99440) (99445) (00940)

31 09 136 0 0 28 11 12 .5 18 3.3 126 ISO .000 4.1
H5 05-27 0 0 1.8 .52 81 14 89 12 147 209 .000 34
ut 9 :# 22 0 0 1.4 .37 77 15 89 12 143 174 3.0 12
Cl v3-07 0 0 26 10 12 .5 19 2.9 !?6 148 .090 4.7
WJ 05-24 0 0 2e at 12 .5 19 2.9 125 150 .000 4.s

H1-08-30 0 0 27 at I? .5 38 2.7 125 155 .000 4.9
U2 03-10 0 0 2.0 .30 15 35 91 8.5 ISO 153 13 9.9
31-05-19 0 0 a.8 2.6 68 6 78 la 148 172 4.0 Il
at os-30 0 0 s.9 .2o 75 14 93 8.3 ISO 159 e.0 11
52 vu-31 0 0 53 22 25 .8 i? 7.3 206 278 .000 39

53 03-10 0 0 52 2r 24 .7 19 e.7 226 276 .000 to

f H5 07 21 0 0 35 2t 24 .8 19 7.2 232 283 .000 21
p :s 2 ov ov 0 0 e.7 1.7 42 4 79 9.2 133 163 4.0 7.6
00 ul-6*-24 0 0 7.1 1.9 60 5 78 9.5 tio a72 2.0 e.8

t* S - 0 5 - 2 4 -- -- -- -- -- -- -- -- -- -- -- --

H?-08-09 0 0 25 9.1 94 4 17 3.6 122 142 .000 2.2
'IS-05-24 0 0 25 9.3 9.1 4 to 3.4 118 145 .000 2.1
F3-08-02 0 0 OS 9.4 9.6 .4 17 3.5 123 147 .000 2.2
H3 05-26 0 0 2.9 1.1 78 10 09 7.2 355 ISU 23 at

u3-0W-03 0 0 2.9 3.1 77 to 69 7.4 158 166 8.5 12

83-05-27 0 0 17 4.8 57 3 62 11 135 178 .000 18
82-08 09 0 0 23 $3 20 .8 27 3.5 141 169 .000 2.0
us-of 17 0 0 25 at 20 .a 27 3.4 144 372 .000 2.0
e 3- 06 o2 0 0 22 13 20 9 28 3.5 144 169 .000 3.0
42 04 09 0 0 12 J.1 47 3 se 8.7 IJJ I'" .000 8.8

R3-05-19 0 0 a4 3.9 50 3 64 7.8 330 156 .000 to
HS 00 02 0 0 tJ 3.5 46 3 64 8.3 134 341 .000 9.7m

rr M2-Ce-05 23 23 43 12 8.2 .3 to 2.5 135 163 .000 33
44 ti l v5 25 to 18 43 33 s.5 .3 to 2.6 140 t/4 .000 It

% C3-08 02 27 27 44 13 8.3 .3 to 2.7 139 167 .000 33

6-* W2 -0 9 -0 8 0 0 22 12 33 3 37 3 141 174 .000 12
03 H3-01-15 0 0 23 12 32 1 37 v.R 147 174 .000 to

NS-07 28 0 0 22 32 32 8 37 9.2 147 100 .000 32O
eg 03-03 *5 64 64 52 37 44 1 25 9.2 228 266 .000 23

ul-4/-29 32 32 44 29 50 3 33 at 200 243 .000 23
4A

H2-08-t7 0 0 32 15 45 2 38 12 154 201 .000 18
9s OJ 15 J4 34 42 23 38 1 28 U.6 176 202 .000 21
ut-07-27 0 0 3a to 41 33 18 167 202 .000 21*

92'08 88 120 122 62 36 40 1 22 9.. IU4 222 .000 JO
ul-93-la 110 108 42 30 37 3 22 st 171 200 .000 39

-

p
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TABLE A.5

WATER-QUALITT DATA. USGS REGIGICAI. STUDY (continued)
CT
p*

O t>NIIL D $1 AIL S II PAA InLtri e rf ]Nitkluh - blUtHGICAL SURVtY t'AOCESS BAIL 08/24/W6
not fif t1 StA130ee listingy

. f,ULIbs. Atun- Lt&V.
t#1 Ft00- SILICA, Sun OF SOLID $e MANGA- SikON- I NUft e Of iAND

* us e A r t h I s.L . ptG- rums t I- ptt- Pn k ntf . IAnn, es ',e . Igun. v n g As 1Tunun sete e m.

Uhlt bfh- bib- SULVEle IUtNIL, Sul VL D bj$- bjh- blL- DIS- htCOV- bib- In o l u ti

l '8 SOL VI D SHL Vt D (nG/t DIS- tTUMS SOL VI D SO VCD Snt W D 50t vt D 1 k Alat [ 50tVfD if I .

*AMSLL del /t ( n'. / t AS Sul Uf b eiA ( I t's / t i Ub/l (IHut (1J4 /1 (ths/1. ( Hb / t_ ntuvt.

M SH4) As il SID2) E nG/1 ) AC-FT) AS B) 45 f t h AS MM) AS Sk) AS AL) AS L I) INVD)
400v158 tobvLO) ( 00 9*,5 ) (10301) t/0303) 405020) (03096) 4080L6) (01080) (01105) (01130> 4/2000)

HO 09-0A 7.6 .30 49 190 .26 20 5 5 - 80 - $583.00
Nt uL 2/ 26 2.$ 64 J00 41 LO 21 14 -- -- 10HO.00
ul-Ge 22 26 2.6 62 2v0 .39 50 IB 4 -- -- -- 1080.00
It ? W O/ 4.0 .50 4/ 190 .25 -- 3 K1 130 -- 4 1 *, / *, . 00

US-n 24 6.2 .30 47 180 .25 20 9 <1 -- -- -- 1L7L.00

8 3 - O tl - 3 0 6.3 .30 47 190 .25 20 4 r.1 -- 30 -- 1575.00
n/-08-10 IS 2.4 93 310 .42 -- 13 5 7 -- 19 136t.00
u i ok av _ 1.8 IV 300 .41 30 LS 2 -- -- -- 156L.00
Ds od-30 14 2.5 v1 300 41 40 to <1 -- 30 -- 1345.00
H2- oft 13 32 .30 54 350 48 -- <3 2 270 -- 17 860.00

y 83-03-30 30 85 54 340 .46 30 e. 3 2 -- -- -- 960.00
e a. . o? 21 11 30 54 360 47 -- 4 3 -- 40 -- H30.00
D H2-07-0W 15 1.6 72 260 .36 -- 34 3 2 *, -- 16 148S.00
0 u l - 0 *. N4 29 1.7 72 260 .35 40 33 *, -- -- -- 1415.00

g 3_ o$ .. j g __ __ .. .. _. -- __ -- .. __ __ 3435,90

N2-03 Of 'd.0 .20 48 -- -- -- <3 1 140 -- to 169*,.00

83-05-24 3.6 .20 4v 170 .24 20 7 <1 -- -- -- 16v5.00
vs cu O/ S.0 .20 49 - - - -- 20 5 2 ~~ -- ~~ 364L.00
4i C, ?$ 14 3.7 93 330 4 P. 70 34 <1 -- -- -- 158 00
83-03-01 I? 2.s 89 300 .48 70 OS t -- 50 - 35"3.00'

83-05-27 31 3.5 66 290 40 40 <3 2 -- -- -- 1378.00
J2 03-09 80 40 49 200 .2H -- <3 8 130 -- S 16L,.00

H3 03-11 B.3 .50 48 200 .28 20 5 1 -- -- -- 16*st . 00
31'C9 02 9.0 .40 46 200 .27 20 3 *I - - - - -- 165*,.00

:< > Gu Of 13 1.5 6Y 240 .JJ -- <3 .1 46 -- 15 1475.00

H 5- OL 39 I$ t.5 68 250 .34 40 30 <IO -~ -- -- 1* 5.00
US U3-08-02 12 1.5 64 240 .32 40 4 st -- 50 +- I47L.00
7 10 mi s, ai .20 36 20 .28 -- 3 6 I10 - 4 3560.00

83-03-25 14 .20 36 210 .29 10 33 <1 -- -- -- 4t40.00
c, 03-00 02 12 .20 35 230 .29 to 3 '1 -- -- -- 2L60.00

P b2-09-OH ?6 .50 57 260 .35 -- 24 3 120 -- 12 3300.00@
U S -03 aL 24 .60 39 260 .35 30 34 4 ~~ -- -- 1300.00

O ff 3 0 7- 2H 2L .50 61 260 .36 20 6 <1 -- -- -- 1300.00
*** u f 03 sL i19 .70 56 460 .65 30 14 2 -- -- -- 6000.00

e: J - v / - 2 9 100 .60 53 430 .t8 20 26 . -- -- -- 1000.00
|g

@ \

uJ-oa 1/ .60 LO 340 46 -- s3 3 220 -- 29 1010.00 I

!H3 03-15 '2 .50 5.4 34 ) 49 to <3 3 ~~ -- -- 1030.00
US e? 2' /1 .60 *0 3? O .47 20 19 1 -- 40 -- 1030.00.

32-09-11 ISO .L0 60 100 .69 -- 13 3 560 - 18 v40.00
USOl 31 1.' ' .60 66 1/0 .64 20 su 2 -- -- -- vtc.0v

_ _ _ _ . _ _ _ _ _ . _ , .
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TAB 12 A.5

I wATEEL-QUALITY DATA. USGS 8EGIC18AI. STUDY (Continued)
5>
C'
e.
db tm 14 l' b1 A14 5 M F A6 f MI F1 1:t t ri a E t Dec - M Ut Ot.t r At S HAvf' V eedH&t.t. DAlt et#24eue

Mm i s t t t *S4llON LISitNG

[ $& 4 - N f 110-

SF(% C1> AC CAkt0N Gt Me
y

CIFIC CDe- FH DaoulEt r024NO3 HAED-

PATC Com- 8.uCT- O N YGE No FN i Als etS- tr a b- let S$

ut it Mt i 6 - 1%s01- t.NCE ta t s- ( ST Art.- ($1AND- SOL vt p t Ot vi b (MG/L
* t .3 f 1 M woa t.f A SAMi[ Ilet A l ps. t ANCr 4Ap soa vs p Aap nh s. ( ed.n * w/t Ah
.

< b( G t n ( t'nH0 5 ) (unn055 (nG/L) 07:1157 DN!!:i) AS CO2) AS M) 0LC03)

400080) ( 000 9*a l 190095) 400300D (00900) 400403) 400405) 400638) 400900)

4t.5 C 1892L0001 _D3-07-27 1800 17.5 74) 747 5.3 7.7 8.0 7.4 4.7 300

4C241158J210508 W2->8 05 13;- 17.0 331 390 8.J /.8 8.0 3.5 4.4 140

463-05-2S 3500 15.0 389 403 -- 8.0 7.9 2.2 e.4 360

H1-05-02 3430 t/.5 372 342 8.8 7.4 U.0 5.5 4.8 140

*aL440189883001 8.* . 0 s 1 ? 0730 35.0 786 722 7.6 7.7 8.2 II 9.3 320
|
1

89-03-15 1735 45.0 840 774 8.0 7.4 0.0 21 5.7 320

H 3- 07-28 0900 16.0 750 73h 7.6 7.7 8.0 at 8.0 380

43%44713302:303 82-08-06 0935 15.0 790 806 7.6 7.4 U.2 12 4.1 340
|

|
ttJ-08-30 til5 16.0 740 710 1.4 7.9 8.0 5.5 3.7 270

|
4 6*,*,0 f t 190 3 B 4 01 82-08-31 1830 21.2 700 724 .3 7.4 7.3 34 23 180

l

83-03-14 1580 14.5 474 720 .I 7. 7 ' 7.6 7.8 28 200
y

.1E-07-28 talt 14.5 790 784 .I 8.6 7.2 4.1 35 220
a

L.m 46 % 33819290001 82-0S-18 1435 23.0 SD0 544 3.4 7.8 U.0 5.3 1.5 170
*"" 83-03-11 2000 87.5 495 544 2.6 7.5 7.9 9.7 2.1 180

m3-07-28 845 14.5 472 449 8.4 7.8 8.0 4.9 4.9 ISO

*n 104118301504 82-08-30 0845 14.5 780 800 5.7 7.7 7.9 5.4 81 320

83-05-24 1630 14.0 1020 1500 9.3 7.8 7.8 4.3 14 420
83-08-03 17,0 14.0 1870 tal0 4.3 7.4 7.9 9.3 12 too

4t L/l is t u092901 82-08-05 1400 19.5 257 245 -- 8.4 8.4 .4 .30 37

83-08-04 1645 18.5 246 270 2.7 8.4 8.4 1.0 .58 52

4457t7119064201 82-08-11 1415 14.5 590 594 7.7 7.8 8.3 5.7 5.5 94

e n'80913 9140 801 82-08-18 1545 Be.5 790 Ebi t .7 7.4 80 20 <.10 240

u! as t a t t erL2 4 t C I u3 05-20 1805 18.5 372 384 4.5 8.3 8.0 2.2 2.4 87

st-CJ-02 1430 38.0 370 384 5.2 8.8 8.1 2.5 2.4 40

46S84011b584401 es2- C 8 - 31 8400 SL.0 976 3020 e.2 7.4 8.0 13 22 390

83-03-87 0855 34.5 ei" 453 7.7 7.7 8.0 9.3 8.8 240

01 u3-cu-01 ISOC 35.0 710 482 a.9 7.9 8.1 5.7 12 27f

2T 455032118215*,*1 82-08-06 12s> 15.5 350 348 7.e 7.7 82 4.0 1.4 ff.

u3-0%-25 14:.0 14.5 243 2L8 -- 7.7 8.0 4.8 S.8 800

83-08-30 1630 : .. s 262 256 8.0 7.7 7.9 4.8 a. 100
,,

k N 4 5L4i5 3 8183 4 5 3 01 82-08-10 1050 19.0 300 309 .4 7.8 8.4 4.0 .22 32

83-03-17 8445 19.0 295 319 8.0 8.2 8.3 1.4 .35 34"

C> u3-OS-02 0940 19.0 300 1.0 8.3 8.3 1.3 .24 Ja**

en 45Y/001tWS22708 92-08-10 ' . i -:- 27.5 2*5 ev* .1 8.2 8.4 1.6 .38 39

u3-0% 24 a l 2*s 293 303 .1 8.3 8.2 1.4 <.10 39
g
7

83-07 : 3245 27.5 290 295 -- 8.0 8.2 2.6 .30 47

et.Lv 3Li t /LV2001 ** : ., 9 4 17L0 3 .* . 0 410 437 4.3 7.3 7.8 12 to ISO

81-05-24 3410 22.0 545 544 4.9 7. .I 7.5 14 14 2JO

ti l- 08 - 03 SLAS 12 5 39L 40L 5.0 7.1 7.9 19 9.0 160

34L917115433301 ~'8 3 -05 - 25 1020 26.5 273 290 3.3 8.0 8.2 2.4 .15 44
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TM M A.5

p WATH -q"ALITY DATA, USGS REGIONAI.STUDT tContinuedt
, CT

)
' ea

4 IFNIT(D SI Al($ isiF AR1MI NI DI INIfR100 - CCOLOGICAt. 5%VE Y FkorESS LAtt 01/24/96 ;

Mut t a t t L SIAftON It$lth4 Iy
HAkD-.

(PT HALD- NtLS MAGNE- LubitsM #0fAS- AttA- DICAk- CAR + CHto-
hfSS. MONCSR- CAtCIUM SIUMe SODIUM, AD- SIUMe LINITY lONAIE bONAIF k !!i[ e

DATL NDNCAh- 10NAll IIS- DIS- 188 5 - SOM- DIS- AAb II-f L D li-tLD DIS-,
- W bo*e A f f trtG/L SOL VF D 50t vt p st'a vE D T10N SOL vf D (MG/L eMG/L (nG/L 50t erp

LAmitf (M0/L AS (MG/t (MG/t UG/L LAT10 f f RCIs#7 ( MG/t AS AS AS (MG/t
d' M U J s (Af0J) AS CA) SG MG) AS nap 50D aten A5 A) CACO 3) HCO3) CD3) AS CLI
(00902) 495902) (00985) (00925) 400930) (00933) (00932) (00935) (90480) (99440) (99445) (00940),

81-07-27 180 310 59 37 39 1 28 8.8 187 232 .000 33
n?- uw 0, 46 46 39 15 14 .5 16 3.2 135 139 .000 23
95-u5-25 49 49 39 16 32 4 34 3.1 114 139 .000 26
B 3 - 0H- 0 2 49 49 40 15 33 .5 35 3.3 116 337 .000 27
H2-08-12 41 42 62 39 29 .7 la 9.4 270 336 .000 12

W3 43-15 43 43 64 39 33 .8 38 13 283 339 .000 18
N1-07-29 31 31 63 38 33 .8 se 13 273 345 .000 20
H2 06-05 *00 103 75 39 34 .8 18 3.6 248 294 .000 55
81-09 30 43 43 58 30 47 3 27 6.2 218 275 .000 54,

d2 08-81 6 6 33 24 60 2 43 11 182 284 .000 26

;% G1-03-16 0 0 35 29 67 2 48 8.6 207 247 .000 18
a 41 0/ 28 7 7 37 31 73 2 41 9.6 204 260 .000 21
LM Ff ?- 09 - t G 0 0 37 18 46 2 35 13 172 211 .000 34N H3-nJ-lt IS te 38 20 36 1 29 8.7 164 194 .000 16

81 37-20 to 16 36 21 28 .9 25 56 165 196 .000 15

M?-08-so e10 173 74 32 32 .8 18 6.9 153 176 .000 79
39 05-24 220 216 95 45 62 1 24 7.J 202 252 .000 130

i k'-08-03 270 273 130 46 62 1 22 7.2 195 234 .700 330
H2-03-OS ' O 9.5 3.3 42 3 66 7.0 121 144- .000 3.5
m3-08-04 0 0 !? 5.4 36 2 56 6.8 126 -- -- 4.3

ti? 03 - 11 0 0 13 IS 86 4 64 7.4 182 226 .000 22
BJ-00 SH 6 6 48 35 72 2 36 8.9 258 385 .000 37
st 05 ?O O O 22 7.7 41 2 49 8.8 334 176 .000 18 i

5 .t O t'- 0 2 0 0 23 /.9 42 2 47 8.9 136 163 .000 13 |

12 03-31 ~830 128 76 48" 48 8 21 3.4 240 318 .000 63
i

at t - 0 3- t 7 5 5 47 30 43 3 27 5.3 232 288 .000 12
g ut-Os Os 32 32 51 Je 45 1 26 4.8 236 207 .000 31
g H? OM 06 0 0 31 16 15 .6 18 J.4 157 190' .000 7.0

H9 % - 2*s 0 0 22 13 13 .6 21 32 820 150 060 9. 4! g
j c. H3-08-30 0 0 22 11 13 .6 21 3.1 120 150 .000 3.7

[ u2-03-30 0 0 9.0 2.2 52 4 73 7.5 134 160 .000 to
, u t -- 9 3 t/ 0 0 9.5 2.4 *5 4 /3 7.5 334 163 .000 to,

I O 33 03-02 0 0 8.8 2.3 52 4 73 7.7 136 167 .000 10 4
' N ei - 0 t2 to 0 0 11 2.9 45 3 67 7.5 IJF 155 .000 32 {H 3-05 -24 0 0 11 2.9 50 4 69 7.8 337 174 .000 6.5(,

m
u3-07-29 0 0 13 3.5 45 3 63 7.5 137 163 .000 6.3
H2 03 04 51 51 42 17 86 .5 16 2.2 138 152 .000 17
883 05-24 81 81 *s 4 23 21 .6 16 24 335 182 .000 32
H I -09 03 40 40 39 17 17 .6 30 2.0 826 1 *a 3 000 14

i N3-05-25 0 0 12 3.3 41 3 63 7.4 130 162 .000 5.6

1

s
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TABLE A.S

.-l WATES-QUALITT DATA. USGS REGIOttAL STUDT (continised)
Os

CF."s.-
O e*Wi t t b 1,I A t t ti bil AA lme MI IN I r* fl ail ow - 4,4 0t utel C AL LL8AVt Y o kOC L t.b is A t t 06/24/U6

MULftl'LE ST Aflow LISi tNGy
La t - mitko-

.

LP SfE- Ctp 3C CAS$0N GE N .

ris SC (DN- f 14 DI U M i tal StD24F03 HASD-

FAf[ LON- 840C1- ORYGEN. f' M TAD DIS- DIS- #155

44 ffMfEE- I tfC T - Ae*C E DIS- (SIAmp- (STAMO- 50tVf8 50t vi s (MG/L

'.fABION m 6M >t h hAMe t t itMt A l lik t. Ass ( t 4AD *,Ut Vt > Ah t. A&;te (MG/t (MS/L AS

d !4 G C D ( tintiDS ) (t*MHOS9 ( MG/L ) UNIISI t;rti f S) AS CO2D AS t') CACO 36

4000307 400093) 490095) 4003009 400400) 400403) 400405) 400438) 4007007

* *4.f n t 3 9J6 8 501 _83-09-06 1435 23.0 362 370 .2 9.1 8.7 .2 <.10 82

470v39319321808 83-05-06 8415 28.5 385 408 .0 9.2 8.8 .2 .22 I?

83-07-30 1810 28.0 395 388 .2 9.2 8.9 .2 .30 15
4.'1111889 ,t*e608 35-05-24 1135 17.0 340 376 4.4 8.1 8.0 2.0 .48 ISO

83-08-Je 1925 17.0 3&J 369 23 7.4 7.9 4.3 .47 lie

4'se2Stavu c*.08 82-08-24 2000 22.5 333 337 .2 8.8 9.8 4 <.to 7

88-05-27 0840 22.0 335 352 .3 8.8 8.5 4 <.10 34

83-07-29 1536 22.5 348 348 -- 8.8 8.5 .4 4.10 9

4/8d32188883008 82-08-09 1500 12.5 804 792 4.9 7.4 7.4 18 to 240

83-05-20 1000 13.5 795 784 7.8 7.3 7.5 24 7.4 270

83-08-02 1430 12.0 785 752 9.5 7.5 7.4 IS 9.0 250y
8 4F40338tfl02801 83-07-13 1530 14.0 435 430 -- 7.8 8.3 4.0 2.3 ISO
O 4'103918/43 % 05 82-08-06 0930 19.5 280 287 .2 8.0 8.8 2.9 t.80 82

83-03-23 1200 19.5 346 327 .I 7.4 7.8 at .32 ISOW
83-08-22 1545 89.5 258 284 .8 8.0 7.9 2.8 <.10 d2

ertu39338242208 83-05-25 8200 12.5 423 429 9.0 7.4 7.8 8.0 7.2 180

883-08-03 1500 15.0 425 4?O 8.7 7.8 7.9 3.5 7.4 380

4IS0*AIava9tS08 82-08-33 1800 21.0 335 343 I.4 8.0 8.3 2.5 .40 86

83-03-17 1100 23.5 320 332 2.8 7.7 8.1 4.9 .28 76

83-07-29 1430 28.5 334 337 2.2 8.8 8.0 2.0 .54 83

4/9883818574003 82-08-31 1525 18.5 347 348 4.3 8.3 8.5 1.2 .17 79

88-03-18 1840 26.0 326 347 7.8 8.3 8.8 1.9 .34 200
48 5 00-05 1845 3%5 335 358 45 8.2 8.2 1.5 .32 80

4?t022387Y.1708 82-e8-06 1210 '40 J99 J99 1.0 8.2 8.2, 2.3 <.80 J 30
us-08-25 1250 16.5 332 J *,9 .6 8.2 8.0 2.2 <.10 110

4/8126138113108 82-08-09 1255 14.0 308 318 E9.2 7.9 8.9 3.4 1.9 150
09 H3-05-24 1330 23.0 582 584 0.9 7.8 7.9 5.5 11 220

[ 81-08-02 1300 33.5 370 342 80.6 8.0 8.0 3.6 4.5 340
4/11*,SitP234001 82-09-09 0980 23.0 ruS 294 2.4 8.4 8.3 3.0 .30 40g

r* 8s-05-29 0800 28.5 298 303 1.6 8.2 8.2 1.8 .24 45

83-08-31 1800 22.0 284 297 3.4 8.8 8.2 2.0 .37 41

478900137339208 82-0C-05 0985 12.0 279 293 5.0 4.8 7.4 29 5.4 120
O ef5-03-24 8450 81.0 249 285 3.2 4.7 7.I 35 3.5 8to
"* 83-08-24 1400 82.0 280 308 4.8 4.9 4.9 26 4.4 130
y 471585t88282201 82-08-10 0925 85.5 *98 584 3.6 8.0 8.2 3.3 e.0 ISOs

@ i

83-05-24 1030 14.0 at2 ese 3.5 8,0 8.0 3.7 5.9 180 l

83-08-04 0900 15.0 598 576 4.7 8.1 8.3 2.8 5.3 ISO |
4,i t ies t se n802 82-05-2. 123. 20.5 323 n. .8 8.4 8.2 8.0 .20 n i

. 83-08-30 1530 28.0 332 330 .8 -- 8.1 -- .19 37 I

4?l947188430103 ,83-07-29 2030 14.5 352 358 -- 8.0 8.2 2.4 .33 78
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TABLE A.S

IIATER-QUA3.ITY DATA. USGS BEGIONAL KTUDY (continued)
Cr
s.*
4 etN a t f D S T A f15 14 7 A& f nf Mi Of Irifkt04 - GEOLOGICAL SUKvt ? rs.0 CESS DAtt 65/24/se
y Mut.f t p t E SIAflDN LISTING

HARD-.

LP M*KD- NESS MAGN [* SODIUM POTAS- ALAA- DICAR- C62- CHt 0-
htSS. wowCAR- CAtCIUM StuM. SODIUM. AD- SIUM. LINIff DONAfC DONATC EIDEe

haft womCAR- DONATE bJS- D85- DIS- So& F'- DIS- LAD I T-F L D I T-f t D DIb-
m Donalt (MG/L Sot vF D S Dt. W D SOL VE D TION $00 M D (MG/L EMG/L (nG/L Sne vf D

',Am i t (ML/L AS enG/L inG/t i nG/t eat:0 fffCEMI (MG/L AS AS A$ (Mb/L
rAr08p CACO 31 AS Ci) Al MG) As MAP $0Dtun AS h) C AC03 ) HCO3) CO3) AS CL)
(00902> 495902) 4009859 4009256 4009307 (00931) (00932D 4009359 4904 09 4994408 499445) (00940)

H3-07 06 0 0 3.3 3.0 77 80 89 4.9 137 148 9.5 to
ut 03-?t 0 0 4.3 1.4 80 9 88 4.4 343 154 83 20
43 or-30 0 0 3.9 8.2 7e 9 SS 4.5 147 tot 12 19
(; 3 - 05 2e 0 0 26 IO 32 8 38 6.5 135 159 .000 84
ol 08-JG 0 0 24 13 34 3 3s 4.4 132 159 .000 85

v2-0U to 0 0 2.4 .30 48 ft 89 8.9 327 145 8.0 34
dl 0. 27 0 0 4.0 89 44 8 85 9.5 134 140 5.0 37
RS-0/ JV 0 0 2.8 .st 48 to 88 9.0 134 145 10 16

*

92-08 Ow 27 27 43 25 49 2 34 35 235 285 .000 49
33-05-20 24 24 et 28 44 2 34 4.0 238 297 .000 52

3, 88-03-02 7 7 57 24 47 2 34 3.7 238 296 .000 49
e HT b/ 1f 23 23 29 20 29 3 28 5.5 132 -- -- 89@ H2 08 ve 0 0 19 8.4 29 3 42 4.8 34S lu0 .000 3.8

H1 08 23 0 0 24 il 27 3 35 4.7 839 17e ,000 2.8
N f -OW - 2;* O O 19 8.4 28 8 48 4.0 145 178 .000 30

US O*r J5 14 34 42 IS 12 4 13 1.9 813 203 .000 26
H8-08-03 45 45 42 IS It .4 32 3.8 155 139 .000 29
u? Cp 41 0 0 20 9.8 37 2 45 8.7 330 355 000 82
H 3 -0 3 - t ? O O 17 8.8 38 2 49 8.8 128 I5J .000 81
01 67-JT C 0 I9 8.7 37 2 44 9.0 t30 159 .000 13

92-03 It 0 4 20 7.8 38 2 48 9.3 315 145 .000 33
He05 se 0 0 25 to 27 3 34 8.5 110 358 .000 31
54 8 03 05 0 0 20 7.4 38 2 47 9.0 828 ISO .000 to
d7 o tf OA 0 0 29 13 36 1 37 7.8 885 227 .000 5.7
MS Ds-J5 0 0 26 12 33 3 35 7.5 874 239 .000 4.6

u? Oe 09 0 0 35 84 to 4 II 8.6 143 182 .003 5.9f/5 n l - 0", - 2 4 42 42 54 21 19 .4 le 1.9 149 219 .000 27
[ HI CH- 02 1 7 39 15 13 .5 15 1.4 154 886 .000 65
g 42-ud 01 0 0 il 5.0 45 3 e4 5.2 324 140 .000 7.8
e ut to 14 0 0 to 4.8 46 3 64 5.4 832 384 .000 7.0

[ of f - 0 9 - 11 0 0 9.7 4.1 48 3 48 5.4 133 tot .000 7.2
H2 OU-05 23 23 30 80 9.8 .4 15 3.1 89 114 .000 9.3O m3-os-f4 24 24 29 9.9 to .4 to 3.3 98 109 .000 3.2" M J - 0 t; - 2 4 20 20 33 Il to .4 14 3.5 til 131 .000 8.7

(p 82-u9-80 9 9 34 23 51 2 37 8.2 171 209 .000 49
@

N3-05-24 0 0 34 24 SR 2 34 8.7 173 234 .000 53us os-og 0 0 34 23 52 2 37 8.8 188 218 .000 53
m3-05-24 0 0 9.4 3.4 54 4 71 7.0 128 140 .000 12
of 03-19 0 0 9.3 3.4 54 4 73 4.4 130 -- -- 18
u3 01~av 0 0 21 4.4 43 2 52 4.5 134 -- -- 84
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TABLE A.5

j WATER-QUALITY DATA, USGS REGIONAL STUDY (continued)
CT*
>*
O UNITED STATES DEFARinEff T OF INTERIOR GEOLOGICAL SURVEY FR52ESS p YE 01/24/86

nuL T IF'L E S I A f 10t* LISTIt:Gy
SOLIDSe ALUn- E l. [V ..

Un FtuO- SILICA. Sun OF SOLIDSe MANGA- STRON- INUne CF LAND
SULFATE RIDE. DIS- CONST1- DIS- PORON, IRON, NESE. TIUM. TOTAL LITHIUM SUM ACE

DATE DIS- DIS- SOLVED TUENISe SOLVED DIS- DIS- DIS- DIS- RFCOV- DIS- DAfun
DF SOLVED SDLVED (nG/L DIS- (TONS SOLVED SOLVED SOLVED Sot VE D EE A1sLE SOLVED (FT.

san >LE (MG/L (MG/L AS SOLVED FER (UG/L (UG/L (UG/L (HG/L (UG/L (UG/L A10VE
AS SO4) AS f) SIO2) (nG/L) AC-FT) AS B) AS P E) A5 nt!) AS SRs AS AL) AS LI) MGvD)
(00945) (00950) (00955) (70301) t?J303) (01020) (01044) (01056) (010F)) (01105) (01130) 472000)

83-09-08 24 40 46 270 .37 <10 4 3 -- -- -- 2180.00
82-07-22 19 .30 40 250 .34 -- 3 <1 130 -- 21 1535.00
64-05-27 26 .30 40 290 .39 to 13 <1 -- -- -- 1*35.00
83-03-04 35 .30 39 320 44 <10 6 <1 -- 40 -- 1535.00
82-07-26 20 .90 44 270 .37 -- 66 24 65 -- 34 1692.00

83-05-26 21 1.0 44 270 .37 10 71 23 -- -- -- 1491.00
83-08-f* 20 .90 44 270 .37 10 60 24 -- 40 -- 1692.00
SI-07 a* <5.0 .30 57 -- -- - <3 1 91 -- to 2540.00
83-03-22 2.3 .30 56 160 .22 <10 (3 3 -- -- -- 2540.00
83-03-09 2.5 .30 54 140 .22 -- 3 <1 -- -- -- 2540.00

82-07-19 8.0 .40 45 230 .32 -- 6 7 76 -- 33 2280.00y ,

s 82-09-00 49 .60 60 280 .8 -- 6 5 62 -- 31 1673.00
'J 83-05-18 48 .90 60 290 40 <10 <3 3 -- -- -- 1670.00
bd 83-09-01 50 .70 61 290 .39 10 14 4 -- 40 -- 1670.00

82-07-20 <5.0 .30 43 -- -- -- 7 10 55 -- 14 2050.00

83-06-02 15 .40 41 210 .28 <10 54 13 -- -- -- 2050.00
H3-08-09 5.0 .30 42 140 .19 <10 12 8 -- -- -- 2050.00
83-06-03 to .70 48 230 .31 to <3 2 -- -- -- 1668.00
83-08-08 15 .60 48 230 .31 10 3 3 -- -- -- 1668.00
82-07-22 20 .40 42 230 .31 -- 27 13 130 -- 10 1918.00

83-06-01 22 .40 39 220 .30 <10 5 4 -- -- -- 1918.00
83-08-11 19 40 37 220 .31 <10 8 <1 -- 90 -- 1918.00
83-09-07 14 .30 46 210 .28 <10 5 1 -- 60 -- 2175.00
82-07-21 140 .30 49 410 .56 -- 660 590 250 -- 26 2260.00
8J-03-22 160* .30 49 460 .62 10 1100' 680 -- -- -- 2260.00

83-06-03 17 .90 53 240 .33 20 18 2 -- -- -- 1925.00
00 83-08-05 15 .80 50 230 .32 10 6 2 -- 60 -- 1925.00

! 7 82-07-22 85 .60 47 550 .75 -- 320 880 200 -- IS 1992.00' O 83-06-01 78 .70 45 550 .74 10 390 860 -- -- -- 1992.00
83-08-10 89 .60 45 490 .s? <10 360 890 -- -- -- 1992.00

b 82-07-23 66 .30 45 240 .35 -- 31 32 92 -- 14 1785.00W 83-06-01 53 .30 43 250 .34 10 <3 3 -- -- -- 1785.00
o 83-08-05 74 .30 43 280 .38 <10 33 13 -- -- -- 1785.00
m 82-07-26 25 .50 49 350 .47 -- <3 5 100 -- 30 1330.00

83-05-31 24 .50 47 350 .47 20 <3 9 -- -- -- 1330.00
<b

83-09-05 21 .50 44 340 .46 to 5 2 -- 40 -- 1330.00
82-07-22 11 .60 44 220 .30 -- 7 6 76 -- 29 2190.00
83-06-01 8.9 .60 44 220 .30 <10 12 6 -- -- -- 2190.00
83-08-06 11 .60 43 220 .30 <10 8 3 -- 40 -- 2190.00
82-07-25 25 .30 45 260 .35 -- 5 4 220 -- 12 1925.00
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TABI.E A.5

WATER-QUALITT DATA, USGS REGIO!EAL STUDY (continued)g
Da
C*
w UNt'ED STATES DEI' Ahinf M T OF INI(Rich - GE0toGICAL SilRVEY tkOCESS 141E 01/24/86
(D MULI!PLC STATION LISilNG

SFE- NITRO-
f S F' C - CIF IC CARBON Gf Ne

u CIFIC CON- FH DIDXIDC !?O2tNO3 HARD-
DATE CON- bUCI- OXYDENe F' H lab DIS- DIS- NESS
of itnfER- DUCI- AMCE DIS- (STAND- (STAMD- SOLVED S Oi ".4 D ( es G / L

STATION Nun b E .% SAnftf' TIME AIURE ANCE LAD SOL VE D AhD ARD (nG/L (h2/L AS
( M L. C ) ( D:tHO5 ? t 'PIND S ) (NG/L) UMITS) UMITS) AS CO2) P.S N) CACO 3)
(00010) 1000958 590095) (00300) (00400) (00403) (00405) (00631) (00900)

47''30110371901 83-06-02 0830 13.0 465 476 8.0 7.7 7.7 5.6 9.8 180
83-09-08 1330 t3.0 482 419 8.6 7.6 7.7 4.3 11 190

4725421t/225501 ~u2-07-20 1200 18.0 232 249 1.2 8.0 0.1 2.4 .57 77
83-08-26 1500 18.0 245 243 1.4 7.8 8.1 3.8 1.1 81

4/250511/5v2501 82-07-21 1J50 13.0 315 330 10.1 7.7 8.0 4.9 1.7 140

47260Y1174st201 82-07-20 1505 11.5 285 296 4.0 6.7 7.0 20 6.0 99
53-03-22 0900 9.5 218 234 5.5 6.5 6.9 27 5.5 75
83-03-09 1055 13.0 247 251 4.6 6.7 7.2 23 4.5 84

4/263d11d560101 82-09-08 1500 19.5 315 313 3.3 8.9 8.8 .3 .it 50
63-04-02 1140 19.5 310 325 3.0 8.7 8.3 .5 <.10 34

H3-08-12 1130 19.5 372 317 2.8 8.7 8.4 .5 <.10 36
472702117245801 82-0?-20 0950 14.5 245 259 -- 8.1 0.2 1.9 <.10 100

f 4 /2 /2611u0t1150 8 h2-07-22 1020 13.0 350 358 5.5 7.4 7.9 7.1 2.5 130
w 88-06-02 1000 12.0 380 367 4.2 7.7 7.8 5.8 2.1 120
V UI-08-10 1500 13.0 329 340 4.9 7.5 7.7 9.1 2.7 130

4727578te271401 82-07-23 1315 12.5 485 497 9.1 7.5 7.9 8.9 8.2 220
H3-06-02 1320 14.0 581 593 5.0 7.6 7.7 4.4 14 250
88-08-11 114! 14.0 472 460 8.8 7.6 7.8 7.1 7.3 200

4 /.' /30 t I /14 4001 E.*-07-20 1720 14.5 481 505 .6 7.7 8.0 it .10 230
83-03-22 1400 14.0 455 489 .3 7.7 7.7 to <.10 220

H3-08-09 1430 15.5 421 465 .6 0.0 8.0 5.4 <.10 190
472828117285901 82-07-19 1015 10.0 198 198 4.0 6.8 4.7 103 .85 71

83-03-22 1510 9.' 174 188 6.7 6.4 6.4 67 1.2 65
83-08-09 1400 10.0 180 188 4.1 4.6 6.7 36 .73 ou

472046118133801 82-07-22 Itto 12.0 490- 511 8.0 7.6 7.9 7.1 8.4 -210

83-06-02 1130 12.0 490 502 7.4 7.8 7.7 4.3 to 200
472818118195901 U2-07-22 1200 11.5 530 553 -- 7.4 7.0 13 4.3 240

cn 91-06-01 0845 12.5 520 534 6.8 7.4 7.6 13 4.4 240
57" H3-06-10 1330 12.0 462 429 7.4 7.5 8.3 9.2 3.6 190

473025117570701 82-07-21 1720 12.5 275 283 .2 8.0 8.1 2.6 <.10 100

83-06-20 1500 12.5 279 287 4 8.0 7.9 2.7 <.10 100
h Al-08-04 1230 12.5 26H 278 .3 8.0 7.Y 2.6 <.10 100V 4 / 3 05.'110.' 7 4 20 t 82-07-23 2005 14.0 380 398 2.8 8.2 8.3 2.0 .16 110
0 83-04-01 1735 13.5 400 399 3.8 8.3 8.1 1.6 .1Y 110
m uj-08-11 1300 14.5 370 350 2.0 8.2 7.9 1.8 <.10 100

[ 4750571t'251001 82-07-19 0955 12.0 196 214 7.7 7.4 7.8 7.3 2.2 100
H3-03-22 1630 9.5 197 216 7.7 7.1 7.4 15 2.3 90
83-08-10 0930 11.5 201 213 8.2 7.5 7.7 6.0 2.3 38

4731031I7382801 82-07-20 1820 13.0 190 200 7.2 7.5 7.9 5.3 1.0 81
83-03-22 0900 11.5 184 198 -- 7.4 7.5 6.9 1.7 79



TATLE A.5

d WATER-QUALITY DATA, USGS ItEGIONAI. STUDY (continued)
DD
(7
H UN1IED SIAI15 DEPAhlMENI OF IM11Atuk - 6t'Ot OGIL At SUkVLY ikOCESS DAll 01/24/96

MULilF1E STAI1ON LISTING
:> Hs. A 1. -
* *e A A D- NESS MAGMC- 50D1Un FOIAS- AtAA- DICAR- CAR- CHLO-

NFSS, NONCAR- CALCIUM Stun. SODIUM. AD- StuM. LINITY DONATE DONATC RIDE.
DATE NONCAk- l' ON A T L DIS- DIS- DIS- SOEP- DIS- LAD 11-FLD IF-FLD DIS-

UF FONAIE (MG/L SOLVFD SOtvfD SOLVED T10N SOLVED (MG/L (MG/L (MG/L S0t VE D
$ Anf i l ( Mh/1 AS ( M b /1. (MG/L (MG/L RATIO PihCENT (MG/L AS AS AS (MG/L

CACO 3) CF 03) AS CA) AS MG) AS NA) 50 D i tin AS A) CACO 3) HCO3) 'CO3) AS CL)
(00902) (9S902) (00915) (00925) (00930) (00931) (00932) (00935) (90410) (99440) (99445) (00940)

H3-06-02 38 38 45 17 23 .8 21 3.5 136 176 .000 23
H1-09 08 *7 57 47 17 23 .8 21 3.7 131 159 .000 27,

H2-07-20 0 0 15 9.6 22 1 37 2.4 127 153 .000 2.2
03 08-26 0 0 la 9.9 23 1 37 2.3 123 150 .000 3.2
d2-07-21 to 10 37 11 14 .5 18 2.3 543 156 .000 6.1

H2-07-20 47 47 24 9.4 34 .6 22 5.0 59 63 .000 22
83 05-22 32 32 18 7.3 10 .5 21 4.1 45 53 .000 13
n 3 -- 0 0 - 0 9 26 26 20 8.2 13 .6 24 4.6 59 71 .000 13
32-09-o9 0 0 9.0 3.7 *e 4 73 5.6 133 1 *' 1 8.0 8.0s ,

N3-Ot-02 0 0 8.2 3.3 56 4 75 5.7 144 170 4.0 0.1

82-09-12 0 0 8.7 3.5 55 4 73 5.5 140 157 3.0 7.93* 82-07-20 0 0 21 12 15 .7 24 1.8 127 153 .000 1.8b d2-07-22 0 0 26 15 21 .8 26 2.4 150 177 .000 7.7
@ H9 06-02 0 0 24 15 21 .8 27 2.1 142 182 .000 6.7

03-03-10 0 0 27 14 21 .8 26 2.4 146 181 .000 7.5

82-07-23 74 74 53 21 16 .5 14 2.6 157 177 .000 35
83-0s-02 100 104 58 25 17 .5 13 2.7 141 176 .000 45
Mt-OR-11 52 52 46 20 15 .5 14 2.5 141 177 .000 30
92 07-20 0 0 4R 26 22 .7 I' 2.5 272 336 .000 2.4
83-03-22 0 0 46 26 21 .6 17 2.4 266 329 .000 2.4

82-09-09 0 0 38 22 17 6 16 2.6 258 339 .000 2.1
H ?- v /- 19 4 4 17 7.0 8.0 4 18 55 75 82 .000 5.9
85-03-22 0 0 15 6.6 7.0 .4 18 5.4 68 84 .000 4.6
03-08-09 0 0 16 4.8 7.5 .4 18 5.4 72 90 .000 4.3
U2-07-22 68 48 54 19 21 .6 17 2.9 162 177 .000 32

83-06-02 64 64 54 17 17 .5 15 2.6 ter 172 .000 26
32-07-22 72 72 60 22 18 .5 14 2.5 187 206 .000 29g

7I13-06 01 al of 58 22 12 .5 14 2.4 165 253 .000 27
#D tt 3 03-10 36 36 45 18 17 .6 le 2.5 149 184 .000 18
8D 82-07-21 0 0 23 11 18 .8 27 3.2 135 161 .000 3.3

es93-06-20 0 0 23 11 IB .8 27 3.1 137 168 .000 3.1
<>u3-00-06 0 0 23 11 18 .8 27 3.3 133 166 .000 3.1

D2-07-23 0 0 17 16 37 2 40 11 164 204 .000 13
kH3-06-01 3 0 18 16 36 2 39 11 163 203 .000 11

35-08 11 0 0 XY 12 30 1 37 6.9 146 103 .000 7.4Ut
O a? 0 7- 19 8 8 30 6.7 9.1 .4 14 1.4 104 116 .000 1.1
83-03-22 0 0 25 6.8 8.1 .4 to 1.3 97 119 .000 1.1

I

i

Uf 08-30 0 0 24 6.7 8.0 .4 16 *.4 96 119 .000 1.1U2-07-20 0 0 22 6.3 8.3 .4 18 a.5 94 106 .000 2.6MJ-03-22 0 0 21 6.4 7.9 .4 18 1. /. 87 109 .000 3.4

)
1
1

!
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TABLE A.5

WATER-QUALITT DATA, meGS REGIOfEAL STUDT (continued)g
3
CT

[ UNITED STATES DEFARTMENT OF IMIERIOR - GEOLOGICAL SURVEY F10 CESS DATE 01/24/04
MULT3t'LE Sini!ON L I S T I PtG

3> SOLIDS. ALUM- ELEV.

FLUO- $1LICA, SUM OF SOLIDSe MANGA- S T R0ff- INUM. OF L AND*

SUL F ATE RIDE. DIS- CCNSTI- DIS- POEON. IRDN, PfE SE e !!UMe 10TAL LIIHIUM SubfACE
DAIE DIS- DIS- SOLVED TUENIS. SOLVED DIS- DIS- DIS- DIS- RECOV- DIS- DATUM

OF S0LVED SOLVED (MG/L DIS- (TOMS SOLVED SDLVED SOLVED SOLVED ER AFL E SOLVED (F T .

SAMFLE (MG/L iMG/L AS SOLVED FER (UG/L (UG/L (UG/L (UG/L (UG/L (UG/L ABOVE

AS $04) AS F) SIO2) (MG/L) AC-Fi> AS B) AS P E) AS MN) AS ER) AS AL) AS LI) MGVD)

(00945) (00950) (00955) (70301) (70303) 401020) (01046) (03056) (01080) (01105) 401130) (72000)

83-06-02 28 .30 44 270 .37 <10 to 2 -- -- -- 19?5,00

83-09-08 26 .20 44 270 .36 <10 6 2 -- 60 -- 1925.00
82-07-20 5.0 .60 51 -- -- -- 4 2 63 -- 23 241C.00
91-09-26 2.5 .60 51 180 .25 -- 6 st -- -- -- 2410.00

L2- 0 7-21 11 .30 47 210 .28 -- 7 2 160 -- 13 2260.00

82-07-20 30 .30 46 180 .25 -- 24 3 100 -- 12 2290.00
03-03-22 23 .30 42 140 .20 60 83 2 -- -- -- 2290.00
H3-09-09 24 .20 45 160 .22 -- 36 2 -- -- -- 2290.00
H2-09-08 12 1.2 59 250 .33 -- 6 <1 33 -- 14 1715.00
03-04-02 12 1.4 57 240 .33 30 3 <1 -- -- -- 1715.00

83-08-12 12 1.3 56 230 .32 20 <3 <1 -- 50 -- 1715.00
3> U2-07-20 10 40 51 190 .26 - 190 15 76 -- 18 2310.00
a h2-07-22 11 .30 41 210 .29 -- 7 7 11C -- 18 2175.00

31-0$-02 11 .30 40 210 .29 <10 13 3 -- -- -- 2175.00
83-08-10 to .30 39 210 .29 to 10 2 -- -- -- 2175.00

82-07-23 25 .30 50 290 .39 -- 12 3 250 -- 15 't10.00

83-06-02 31 .30 47 310 .43 <10 <3 -- -- -- 2110.00.

83-08-11 22 .30 49 270 .37 <10 17 1 -- -- - 2110.00
82-07-2C c5.0 .30 51 -- -- -- 94 44 200 -- 25 2300.00
81-03-22 4.6 .20 48 310 .42 <10 110 29 -- -- -- 2290.00

83-08-09 3.V .30 47 300 41 <10 34 18 -- -- -- 2290.00
92-07-19 to .30 55 150 .21 -- 10 1 75 -- 8 2340.00 *

83-03-22 13 .10 51 140 .20 <10 26 5 -- -- -- 2340.00
83-03-09 14 .to St ISO .20 -- 20 <t -- -- -- 2340.00
82-07'22 32 .30 46 290 .40 -- 3 1 250 -- 18 2295.00

83-04-02 31 .30 46 200 .38 to <3 <t -- -- -- 2095.00
82-07-22 52 .30 44 330 .45 -- to 5 280 -- 18 2040.00
3-04-01 51 .30 43 330 44 <10 13 2 -- -- -- 2040.00

(D 8 3-08 - 10 31 .30 42 260 .36 <10 6 4 -- 80 -- 2040.00
82-07-21 11 .50 39 190 .26 -- 220 25 96 -- 19 2340.00

gJ 3 - 0 6 -20 10 .50 35 190 .25 <10 200 23 -- -- -- 2340.00
9 3-08-06 11 .so 37 190 .26 <10 160 22 -- -- -- 2340.00*

82-07-23 24 .50 38 240 .35 -- 7 5 74 -- 33 23 5.00

(33-06-01 24 .50 37 250 .34 <10 14 2 -- -- -- 2315.v0
83-08-11 16 .40 37 200 .30 (10 15 3 -- 40 -- 2315.90

tp

Chgy_oy.39 5,o ,30 53 .. .. .. 4 5 120 -- 8 2410.00
83-03-2. 3.1 .30 50 150 .21 20 11 9 -- -- -- 2410.00
83-03-10 2.9 .30 48 150 .21 -- 5 <t -- -- -- 2110.00
H2-07-20 <5.0 .20 53 -- -- -- 5 1 100 -- 18 2480.00
83-03-22 4.2 .20 49 150 .20 (10 to 5 -- -- -- 2390.00
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TA8LE A.5

j WATER-QUALITT DATA. USGS REGIONAL STUDY (continued)
C'
w
g UNITED STATES DEFAAYMENT OF INTEh!OR - GEOL OGI CAL NAVE Y F-ROCE SS DATE 01/24/86

MUL!!Ftt SfATION LISIING
3* STE- NII60-

h SPE- CIFIC CARBON GFN.
CIFIC COM- TH bfDXIDE NO24NO3 HARD-

DATE CON- DUCT- OXYGEN. PH LAB DIS- DIS- NESS
OF TEMFEA- DUCT- ANCE DIS- (STAND- (SIAND- S0t VE D SOL VE D (MG/L

STAlt0N NUM bi k 5AMFLE TIME AiukE ANCE LAB SOL VE D ARD AkD (MG/L ( MG/t. AS
(DEG C) ( L*MHO S ) (UMHOS) (MG/L) units) UNITS) AS CO2) AS N) CACO 3)
(00010) (00095) (90095) (00300) (00400) (00403) (00405) (00638) (90900)

473103:17382801 .33 7 9 - 0 '/ 1230 12.5 193 196 7.6 7.2 7.4 10 1.8 83
473103117533901 92 07-21 0910 11.0 280 28 -- 7.7 7.9 4.0 4.4 120
4'311/11Ut30901 82-07-?! 1700 9.5 235 255 6.6 4.5 7.1 67 1.4 88

83-06-01 1245 9.0 243 247 -- 6.8 7.0 29 2.2 83
83-08-11 1845 7.5 233 240 -- 6.8 7.8 27 1.6 79

473227833343001 82-07-27 1315 30 265 265 -- 8.0 8.0 2.1 1.5 94
4/3230t17460301 82-07-20 1345 11.5 280 294 E.5 7.4 8.6 12 <.10 130

83-06-02 1630 11.5 292 300 2.8 7.3 7.7 15 .15 120
83-08-10 1130 11.5 2~8 287 3.5 7.6 7.7 7.1 '.10 120

4 7 312 7 t 18 4 20001 83-09-08 3600 15.0 245 246 2.2 7.9 7.9 2.8 .24 88

4. 17362201 82-07-19 1600 15.5 213 221 4 7.7 8.3 4.3 <.10 82
83-03-22 1030 15.0 201 223 .1 8.0 7.9 1.9 <.10 77

%J 83-08-09 1315 16.0 211 219 .1 7.9 7.9 2.4 <.to 77
4) 1?3442118162202 83-07-I6 1900 12.0 297 302 -- U.5 U.S .5 5.3 120

4/3442t18162203 83-07-46 2030 12.0 225 235 -- 9.6 9.3 .0 .65 87

473442118162204 83-07-18 198. 18.0 203 215 -- 8.0 8.7 1.7 <.10 65
473442118162205 83-07-19 1000 14.0 295 245 -- 9.4 v.6 .0 . 10 56
473442118162207 83-07-17 2000 14.0 400 333 -- 11.0 10.5 .0 <.10 78
473442118162204 U3-07-88 1730 15.5 241 253 -- 8.1 8.9 2.0 <.10 36
4/3413t1353150 82-07-23 1445 15.0 278 231 E.3 8.2 8.4 1.8 <.30 75

83-06-03 0930 14.5 268 282 .9 8.2 8.1 1.6 <.10 75
83-08-11 0900 15.0 260 278 .4 U.2 8.0 1.5 <.10 75

473454117302001 H2-07-20 0925 13.5 330 320 7.9 7.6 7.9 7.5 1.4 160
03-03-23 1020 11.5 318 336 10.2 7.6 7.7 7.4 1.7 160
H3-u8-09 1730 12.0 322 327 9.2 7.7 7.7 6.2 l'. 4 160

*
47354/117451703 82-07-20 1205 10.5 360 350 5.3 7.4 7.9 12 1.2 I30

m H3-03-22 1335 7.5 342 367 5.0 7.7 7.6 6.1 .72 130
Ir 83-08-09 1030 10.5 410 406 6.7 7.5 7.7 12 90 ISO
O 473612117335001 02-07-19 1410 9.5 372 383 2.7 6.9 7.4 36 1.9 140
% 83-03-23 1855 9.0 370 391 1.8 6.9 7.2 34 1.8 140

b 83-08-09 1545 10.5 402 394 1.5 6.9 7.3 37 1.3 140* 473514187292301 82-07-19 0845 11.0 332 335 4,5 7.2 7.3 17 3.7 330
o U3-03-22 1605 10.0 416 434 -- 7.3 7.5 15 6.0 140
rw 83-08-10 1030 11.0 350 345 4.8 7.5 7.7 8.6 4.2 130

473625117592401 82-07-20 8535 9.5 430 432 8.3 7.2 7.6 18 7.6 140
CN

473644138t$1701 82-07-21 1330 12.5 182 186 5.0 7.6 7.9 3.5 2.3 65
83-06-01 1100 12.0 181 186 6.3 7.3 7.8 6.2 3.3 63
83-09-11 1315 11.5 180 196 5.9 7.4 7.7 4.8 3.0 63

473648118452301 "82-09-09 0800 21.5 270 272 .6 8.2 8.3 1.5 <.10 52
83-06-04 1200 21.5 268 279 .1 8.2 8.2 1.6 .21 50

_



TABLE A.5

H WATER-QUALITT DATA, USGS REGIONAL STUDT (continued)
Da

U'
-a

to UN!!E D ST ATES LEF AR TMEMI of INTEk!OR - GEOLDsICAL SURVEY FkOCESS DATE 01/24/86
nutTIFLE STAi!HN LISTING> HAED-'

HAkD- hESS nAGNE- 50DIUn FOTAS- Atha- BICAR- CAR- CHt.0-u
NESS. NONCAR- C AL C I UM SIUne SODIUne AD- $1Une LIMITY BONAIE BONATE RIDE,

DATE hDNCAR- BONAl[ DIS- DIS- DIS- SOAP- !*IS- lab II-f LD 11-FLD DIS-
Ot BONATE (MG/L SOL VE D SOLVED SOL VED TION SOLVFD (MG/L (MG/L (MG/L SOLVE D

SAnitt tnG/L AS (MG/L (nG/L (nG/L AATIO FEACENT (MG/L As AS AS (nG/L
CACO 3) CACO 3) AS CA) AS nG) AS NA) 50D i tin AS h) CACO 3) HCO3) C03) A'. CL )
(00902) (95902) (00915) (00925) (00930) (00931) (00932) (00935) (90410) (99440) (99445) (00940)

H3-09-07 0 0 22 6.7 8.3 .4 38 8.5 88 103 .000 2.3
H2-0/-21 4 4 27 9.9 15 .6 23 1.7 115 127 .000 6.882-0?-21 0 0 24 6.8 17 .8 29 3.7 107 133 .000 5.9H3-06-01 0 0 22 6.7 15 .7 27 3.7 90 117 .000 7.7
83-03-11 0 0 21 64 15 .8 28 4.1 91 109 .000 6.1

82-07-27 0 0 21 to 14 .6 24 3.3 96 130 .000 5.1
H2-07-20 0 0 31 12 11 .4 16 29 145 F85 .000 5.4
H3-06-02 0 0 30 12 13 .5 18 3.3 148 184 .000 4.0
81-08-10 0 0 28 12 12 .5 18 2.9 143 179 .000 3.5
83-09-08 0 0 17 11 18 .9 30 4.6 113 142 .000 3.9

82-07-19 0 0 19 8.4 17 .8 30 3.1 116 136 .000 2.0f 83-03-22 0 0 17 8.3 16 .8 30 3.1 108 121 .000 2.0
00 83-O'3-09 0 0 17 8.4 36 .8 30 2.8 103 129 .000 1.9C) 83-07-16 36 36 34 8.0 12 .5 18 2.9 82 -- -- 14

83-07-16 0 0 24 6.5 14 .7 25 4.4 87 -- -- 7.3

H3-07-88 0 0 20 3.7 17 1 35 3.7 90 -- -- 3.5
03-07-19 0 0 22 .34 38 2 57 4.5 70 -- -- 3.785-07 17 20 20 31 .22 34 2 46 6.5 58 -- -- 5.285-07-18 0 0 11 2.0 40 3 68 4.0 129 -- -- 2.9
82-07-23 0 0 12 11 29 1 43 7.5 111 177 .000 7.0

83-06-01 0 0 12 11 27 3 41 '.7 119 157 .000 5.0
83-08-11 0 0 12 11 27 1 41 6.8 119 148 .000 4.982-07-20 4 4 45 11 4.2 .2 5 2.0 160 188 .000 2.383-03-23 12 12 46 12 4.1 .1 5 2.7 162 18a .000 2.7
83-08-09 0 0 43 12 4.2 .2 5 3.0 156 194 .000 2 . '4

82-07-20 0 0 31 12 23 .9 28 3.3 160 196 .000 5.5
to 83-01-22 0 0 33 12 24 .9 28 3.6 165 192 .000 6.12r 83-08-09 0 0 37 14 26 1 27 4.4 193 235 .000 6.1j 02-07-tv 0 0 38 11 25 1 27 3.1 156 180 .000 15;, 83-03-23 0 0 37 11 24 .9 27 3.2 142 168 .000 17
LA 81-08-09 0 0 38 32 24 .9 26 3.3 146 186 .000 17O ,,2 - O / - 19 0 0 34 11 21 .8 26 2.4 140 169 .000 4.3
0 93-03-22 0 0 38 12 32 1 32 2.4 166 194 .000 7.0m u3 +0-10 0 0 33 11 20 .8 25 2.4 140 172 -- 5.082-07 20 0 0 38 12 26 1 28 2.9 130 177 .000 15
m

u2- 0 7- 21 0 0 15 6.7 9.9 .6 23 4.3 77 87 .000 3.3u3-05-01 0 0 15 6.2 8.7 .5 22 4.5 65 78 .000 3.6Ht-08-11 I 1 15 6.3 8.9 .5 22 4.3 64 76 .000 3.8u2-09-07 0 0 12 5.3 39 2 59 4.8 123 151 .000 4.633-06-04 0 0 11 5.4 39 2 60 5.0 129 163 .000 4.7

_ _ _ _ .
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TABLE A.5

d WATER-QUALITY DATA. USGS REGIONAL STUDY (continued)
Da
GT
e-.
O UNITED STATES DEPARTMENT OF INTERIOR - GEOLOGICAL SURVEY F'ROCESS DATE 01/24/86
y MUL TIFI E STAT'No (ISTING

LFE- N!IRO-.

LP SPE- CIFIC CAkBON GF N e
C!rtC CON- FH DIOXIIE M02tM03 HARD-

DATE CON- LUCT- OXYGEN. PH LAB btS- DIS- NESS
OF TEMFER- DUCT- AMCC dss- (STAND- (STAMD- SDtVED SOL VE D (MC/L

STATION NUMIt L R S %MF L E TIME ATUkE $NCE LAB SQLVED ARD AkD (MG/L (MG/t AS
(DEG C) (tiMHO S ) (UMHOS) (MG/t) UMIIS) UMtiS) AS CO2) AS N) CACO 3)
(000103 (OOo?SD (900959 (00300) (00400) (00403) (00405) (004J1) (00900)

4 7 3 6 45t 118 452 3 01 _p3-08-31 1100 28.5 268 273 .1 8.2 8.0 16 <.10 51
473/51113152001 32-07-21 1445 12.5 385 190 5.7 7.2 7.7 8.4 3.2 AS

W3-04-01 0900 11.5 262 268 5.6 7.1 7.5 16 4.8 99
4/1329119331901 8J-04-03 1100 19.5 240 232 .3 7.9 8.0 3.2 <.10 80
4738J2116001801 82-07-21 0900 11.0 190 203 -- 7.0 7.4 *1 5.3 48

83-05-31 1730 11.0 191 194 8.8 7.0 7.2 a2 5.3 64
I!j ' -- -- 215 -- -- 7.4 -- 5.9 71i 83-08-st 0945

473343118091901 82-0/-28 1030 22.5 288 300 .4 8.2 8.3 1.7 <.10 61'

83-06-01 1500 23.5 278 289 .1 8.4 8.1 1.2 <.tv 40
83-08-30 1345 24 0 288 286 .1 8.4 8.2 1.1 <.10 37

35 473933118261702 82-07-22 0955 14.5 232 237 2.8 7.4 7.9 86 .71 95
8 471913883133408 82-07-23 1320 14.0 349 353 7.7 7.3 7.8 12 4.3 140

4/3946110003701 82-07-20 1755 12.0 420 476 7.7 7.2 7.4 15 8.8 160
83-06 .2 1825 11.0 431 445 9.5 7.0 7.5 25 a.4 140
83-08-10 1600 11.0 410 419 8.9 7.2 7.5 15 6.3 150

474142118235501 82-07-22 1105 11.5 400 406 e.2 4.7 7.2 48 12 140
83-06-02 1525 12.0 410 488 4.7 4.4 7.0 60 11 150
03-08-11 1600 11.5 409 406 5.1 7.0 7.2 24 10 840,

47415V188360101 82-07-22 1235 11.5 350 344 8.4 7.3 7.6 11 4.2 140t

| 83-04-03 1400 10.5 370 393 S.3 7.4 7.4 8.7 4.3 140

| 83-08-31 1330 11.5 340 340 8.5 7.3 7.A 10 4.4 130
474215580355301 83-06-22 1300 13.5 240 2&T 2.4 7.8 7.0 3.0 1.9 94

83-09-07 1315 13.0 258 230 1.4 7.9 7.9 2.5 8.2 Se
474337118454?05 82-07-23 1800 18.5 213 218 Et.1 8.2 0.0 1.3 .91 74i

j 83-06-04 0840 11.5 280 228 8.8 0.4 S.0 .8 <.10 74

83-09-07 1945 18.5 280 214 .7 8.4 0.0 .B (.10 75
0G 83-04-04 1840 13.5 200 282 1.8 8.3 S.2 1.1 <.10 70
[47443511842540883-08-11 1800 13.0 208 209 1.7 8.4 8.2 .8 <.10 70
e 474554118434101 82-07-23 0740 12.5 548 570 2.9 7.1 7.7 28 2.6 220
<* 83-04-21 1630 12.5 555 749 2.8 7.4 7.6 11 3.2 300

$ 83-08-11 1985 14.0 070 844 2.7 7.5 7.7 17 3.0 350
4 74?4'It t S 38 3 403 82-07-27 2005 18.0 850 847 8.3 7.4 7.8 4.1 20 340

0 83-06-02 1415 14.5 843 931 10.2 7.7 7.4 5.4 24 400* 83-08-12 0930 14.0 848 874 10.1 7.4 8.0 9.4 24 390
Ut
4D

- -, . . - - _ __ ,- - - -.



TABLE A 5

WATER-QUALITY DATA, USGS REGIONAL STUDY (continued)

T
4

(D UNIIED STATES DEFAkinENT OF INTEA10R - CE0 LOGICAL SukVEY FROCEES DATE 01/24/86
MUL I171 E STATION LISTINGp

. HAED-
LA HAED- NESS MAGME- SODIUM FOTAS- Atha- BIC(.R- CAR- CHt0-

NESSe NONCAR- CALCIUM Stun. SODIUM. AD- SIUMe LINITY D O.8 A T E SONATE RIDE.
0 ATE N O N(. Ak - tiONAIE DIS- DIS- DIS- SOAF- DIS- LAB I T-f LD IT-Ftp DIS-

UT l'ONATE (MG/L SOLVLD SOLVED SOLVED TION SOL VE D (Nu/L (MG/L (nG/L SOLVCD
SAHtE (MG/L AS (MG/L (MGIL (MG/L RATIO FFECENT (MG/L AS AS AS (MG/L

CACO 3) CACO 3) AS CM AS nG) * NA) $0 ta t tih AS h) CACO 3) HCO3) CO3) AS CL)
(00902) (95902) (0091*s) (00925) (00930) (00931) (00932) (00935) (90410) (99440) (99445) 400940)

01-03-31 0 0 12 5.1 40 3 60 4.7 129 158 .000 4.7
H2-07-21 0 0 18 5.6 9.8 .5 23 2.0 69 84 .000 3.2
J1-04-01 0 0 26 8.3 13 .4 22 2.2 87 125 .000 5.4
31 Oc-03 0 0 to 9.8 28 1 42 3.1 128 160 .000 4.6
82-O'-21 to 10 18 5.5 12 .7 27 3.3 64 71 .000 6.3

ti 3 - O'r 31 0 0 17 5.2 11 .6 24 3.2 54 78 .000 5.2
33-')3-11 15 15 19 5.6 31 .4 24 3.3 56 - -- 7.4
NJ-07-21 0 0 15 5.8 40 2 56 4.8 129 174 .000 4.3
35-Oo 01 0 0 Il 3.1 48 3 49 5.7 141 182 .000 3.6
85-On-to 0 0 10 2.9 48 4 70 5.5 140 168 .000 3.6

.p 82-07-22 0 0 24 8.5 16 .7 24 3.2 120 136 .000 2.0
s 82-07 23 20 20 39 14 to .6 19 3.0 132 1 *,0 .000 12

CD H2 07-20 33 33 43 12 26 .9 26 2.0 137 152 .000 ISD v5 06-C. 32 32 43 13 27 1 26 2.0 131 158 .000 20
u3-08-10 29 28 40 12 26 1 27 2.1 122 148 .000 21

82-07-22 15 15 37 11 23 .9 26 3.8 107 150 .000 13
U .! 04-02 24 24 39 12 24 .9 26 3.3 123 150 .000 11
US-06-11 20 20 38 12 24 9 26 4.0 125 152 .000 14
32-0? 22 31 31 36 12 18 .7 22 2.8 117 133 .000 18
83-06-03 25 25 35 12 22 .8 25 2.8 115 137 .000 18

H1-03-31 26 26 34 11 17 .7 22 2.5 tot 127 .000 19
U3-06-22 0 0 21 to 16 .7 26 4.1 103 121 .000 7.3
31 0+ 07 0 0 IS 10 16 .8 28 1.4 98 125 .000 6.2
u2 0' 23 0 0, 14 9.4 IS .9 34 3.0 100 128 .000 2.5
U3 06-04 0 0 14 9.5 17 .9 32 3.2 103 125 3.0 2.4

93-09-07 0 0 14 9.7 17 .9 32 2.9 104 131 4.0 2.4
00 31-06-04 0 0 13 9.0 15 .8 31 3.3 99 141 .000 2.3
7 tt 3 0 8 - 11 0 0 13 9.2 15 .8 31 3.0 100 323 .000 2.5
$ 32 -0 7-23 41 41 50 24 29 9 22 4.4 193 223 .000 25
c* 31-06-21 71 71 66 33 38 1 21 5.4 255 281 .000 35

[ 33-03-11 69 69 78 38 43 1 21 5.2 283 345 .000 42
u_' 0/-2' 280 281 85 30 23 .6 33 4.9 127 l 's 3 000 93

O 63-04-02 240 257 99 Jo 22 .5 11 4.9 131 370 .000 120
"* Ht 09-12 270 .~ 6 6 96 36 24 .5 12 4.3 126 149 .000 110
Ln
0%

_ _ _



_ _ _ _ _ _ _ _ _

TABLE A.5

H WATI:R-QUALITY DATA. USGS REGIO!tAL STUDY (continued)
05
U"
w
O UNITE D ST ATE S DEPAR TMENT OF Irf f ER ink - GE01OGICAL SURVEY rhoCESS DAIE 01/24/86

Mut I tt t E SIAllut* iISitNGp.
- SOLIDSe ALUM- ELEV.
U' FLUO- SILICA. Sun DF S0tIDS. itANGA- STRON- INUMe OF LAND

SUL F AT E AIDE. DIS- CONSTI- DIS * BORONe IRON. t:E S E . 11UMe IDIAL L I T H I Utt SUh> ALE
DAIC DIS- DIS- S3LVFD IUtNTS. SDLVED DIS- DIS- DIS- DIS- Ts E COV- DIS- Dalurt

HP LDL VL D butVED 4Mb/L DIS- ( 10tts SOL Vt D SULVLD S0t VI D SOL VI' D E A Al t E SDL Vt D ( 6 1.
S Avt E (MG/L (MG/L AS SOLVED fik ( UG / t. ( UG / t. (UG/L (UG/L (tJG/L (UG/L AbHVE

As 5.u45 AS F ) SID2) ( tW/t ) AC-FT) /i S D) AS iCl AS MM) AS SR) t.S AL) AS LI) MG'/D )

400915) (00950) (00VLS) (70301) (70303) 401020) (01046) (01056) (01000) (01105) (01130) ( 7.*000 )

uJ-08-38 7.5 90 58 210 .29 <10 18 7 -- -- -- 2135.00
!* 2 -- 0 ? - O t 12 .20 49 140 .19 -- 4 19 88 -- 13 2363.00
Mi-06-01 17 .20 44 180 .25 (10 11 (1 - -- -- 2360.00
83-06-03 II .70 47 200 .27 (30 27 12 -- -- -- 2320.00
E2-07 21 12 .20 50 140 .19 -- <3 <1 83 -- 12 2420.00

H3-05-31 12 .20 49 140 .19 <10 12 <t -- -- -- 2420.00
31-08 11 13 .20 47 140 .19 (10 4 51 -- -- -- 2420.00
92-07-21 11 .90 50 220 .30 -- 18 7 68 -- 39 2410.00
65-06 01 4.3 1.2 53 220 .30 <10 30 4 -- -- -- 2410.00
U3-03-10 4.0 1.3 51 210 .20 <10 13 4 -- -- -- 2110.00

;g,. U2- 0 /-22 to .40 44 180 .24 -- 10 300 140 -- <10 2250.00
a 32-07-23 22 .20 45 220 .30 -- 5 2 150 -- 17 2060.00

$ u.-07 20 30 .20 48 250 .35 -- 3 3 200 -- 12 2400.00
83-06-02 33 .20 47 260 .36 <10 16 si -- -- -- 2480.00
03-08-10 32 .30 46 250 .34 <10 7 3 -- -- -- 2400.00

82-0?-22 19 .20 48 230 .31 -- 6 15 210 -- 13 2345.00
nJ-06-02 19 .00 48 230 .31 <10 15 2 -- -- -- 2345.00
33-08-11 17 .20 46 230 .31 10 4 2 -- -- -- 2315.00
U2 07 2. 31 .20 45 230 .31 -- B 8 170 -- 13 7280.00
83-06--03 33 .30 43 230 .32 (10 15 2 -- -- -- 2200.00

83-08-38 30 .30 43 220 .30 <10 8 1 -- -- -- 2280.00
83-06-22 to 40 37 170 .23 <Io 19 to ~~ -- -- 2035.00
W3-0Y-0/ 15 40 37 170 .23 <10 7 7 -- -- -- 2035.00
82-07-23 6.0 .50 39 160 .21 -- 83 17 50 -- 20 2060.00
83-06-04 6.7 .50 37 160 .21 <10 77 15 -- -- -- 2060.00

S3-09-07 63 .50 37 160 .22 <10 36 17 -- -- -- 2060.00
C/3 83-06-04 6.0 .50 37 160 .21 <to 33 11 -- -- -- 2175.00
[ 83-08-11 6.0 .50 37 150 .20 <10 26 20 -- -- -- 2175.00
e 82-07-23 59 .30 46 350 .47 -- 12 (1 240 -- 19 2160.00
r* 8J-06-21 90 .30 43 450 .61 40 to 41 -- -- -- 2160.00

$ H3-08-11 110 .30 44 530 .72 40 5 <1 -- -- -- 2160.00
82 ')7-27 64 .30 47 420 .57 -- 48 2 390 -- 19 2080.00

0 83-06-02 80 .30 45 490 .67 to 32 4 -- -- -- 2080.00
* 83-03-12 78 .30 45 470 .63 to 25 2 -- -- -- 2000.00
O'
(D
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e
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TABLE A.7

VATER-0UALITY DATA,

STATE OF VASHINGTON DEPARTHENT OF SOCIAL & HEALTH SERVICES

ID100N DAVENPORT WATER DIVISION C l a s e, : 1 County: L INCOL N A P.C : ? /C
PO BOX 24 WFI printed 01/09/06

DAVENPORT, WA 991?? Next t.ompte dve- - F r c.qu.: nc y
Bacti: 2/ month
Inorg. chem: 5/tri-an

1: 5107217 06/18/84 Arsenic <0.01 Iron <0.05
Barium <0.25 Manganese 0.014
Cadmium <0.002 Sodlum 40
Chromium <0.01 Mardness 70
Lead <0.01 Conductivity 330
nercury 0.0005 Turbidity,ch 0.1
S lenium <0.003 Color <5 i

Silver <0.01 Chloride 5
Fluorido 0.9
Hitrate <0.2

0, quit
i

!- 2: 5104711 08/24/01 2537E Arsenic <0.01 Iron <0.05 *

Barium <0.25 Manganese <0.01 '

Cadmium <0.002 Sodium 45
Chromium <0.01 Hardness 100 ;

Lead <0.01 Conductivity 280 ;
nercury 0.0005 Turbidity,ch 0.2
Selenium <0.005 Color <5
Silver <0.01
Fluoride 1.4

3: 3001622 01/16/80 Arsenic <0.01 fron <0.01
i Borium 0.5 Manganese <0.003

Cadalum <0.002 Hardness 59
| Chromium <0.005 Conductivity 258

Lead <0.02 Turbidity,ch 0.2
- Mercury 0.0002 Color 10
'

Selenium <0.002
Silver <0.003
Fluoride 1.1
Hitrate <0.1

|

end of list

Table A.7 Sheet 1 of 6
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. _ _ _ _ _ _ _ _ _ _ - _ _ _ _ _ _ _ _ _ _ _ _ - _ _ _ _ _ - . .

94800R WILBUR, 10WN OF Class:1 County: LINCOLN ASC:1/0
PO BOX 214 WFI printed 01/09/06

WILBUR, WA 99105 Hext sample due - Frequency
Bacti: 2/ month
Inorg. chem 3/tri-an

13 5212348 11/08/05 nercury <0.0005

2 5108545 10/11/05 Arsenic <0.01 Iron <0.05
Barium <0.25 nanganese <0.01
Cadmium <0.002 Sodium 10
Chromium <0.01 Hardness 90
Lead <0.01 Conductivity 230
Mercury <0.001 Turbidity,ch 0.1
Selenium <0.003 Color <5
Silver <0.01 Chloride <5
Fluoride 0.3
Nitrate 0.8

3 5108546 10/11/05 Arsenic <0.01 Iron <0.05
Barium <0.25 nanganese <0.01
Cadmium <0.002 Sodium 10
Chromium <0.01 Hardnesu 90
Lead <0.01 Conductivity 230
Selenium <0.003 Turbidity,ch 0.1
Silver <0.01 Color <5
Fluoride 0.3 Chloride <5
Nitrate 0.8

4 5106360 01/31/83 Arsenic <0.01 Iron 0.06 ;

Barium <0.25 nanganese <0.01
Cadmium <0.002 Sodium 23 ;

Chromium <0.01 Hardness 140
'

Lead <0.01 Conductivity 380
Mercury 0.0005 Turbidity,ch 0.2
Selenium <0.003 Color <5
Silver <0.01 Chloride 15
Fluoride 0.3
Hitrate 2.3

/$106369 01/31/83 Ara nic <0.01 tron <0.05

Barium <0.25 Manganese <0.01
Cadmium <0.002 Sodium 10

Chromium <0.01 Hardness 90
Lead <0.01 Conductivity 220

| Mercury 0.0005 Turbidi ty,ch 0.1

| Selenium <0.003 Color <5 '

I Silver <0.01 Chloride 5

| Fluoride 0.3

6 5103641 06/13/79 Arsenic <0.01 Iron <0.1
Barium <0.25 nanganese <0.01

Cadmium (0.002 Hardness 130
Chromium <0.01 Conductivity 220
Lead <0.01 Turbidity,ch 0.1
Mercury <0.001 Color <5
Selenium <0.005
Gilver <0.01
Fluoride 0.3

Table A.7 Nitrate 0.6 Sheet 2 of 6
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._

i

1615Dll CRES10N PilDLIC UIR C l u t.t. 1 County: LINCOLN ABC 1/0 [
PO BOX 131 WFI printed:12/09/05

!

CRES10N, WA Y9117 Next t. ample due - Frequency
Bacti: 1/ month
Inorg.chemt 2/tri-an

18 3000913 10/10/85 Arsenic <0.01 Iron <0.05
Borium <0.25 nanganeso <0.01
Cadmium <0,002 Sodium 13'

Chrcmium <0.01 Hardness 129
Lead <0.01 Conductivity -285 :

'Mercury <0.001 Turbidity,ch 0.5-
Selenium <0.005 Color 8
Silver <0.01 Chloride 12 I

Fluoride 0.3
"

,

Nitrate 6.8 '

0, quit:

2: 3000607 06/00/02 Arsenic <0.01 Iron <0.05
Barium <0.25 Manganese <0.01
Cadmium <0.002 Sodium 12.2
Chromium <0.01 Hardness 120
Lead <0.01 Corductivity 290
nercury 0.001 Turbidity,ch 0.4

i Selenium <0.005 Color <5
Sliver <0.01 ,

Fluoride 0.3 '

3: 8906103 06/06/79 Arsenic 0.001 Iron 0.04
Borium 0.02 Manganese 0.002
Cadmium 0.001 Hardness 110

| Chromium 0.003 Conductivity 243
Lead 0.009 Turb i d i ty , c h 0.1
Mercury 0.0002 Color 1,

'

Selenium 0.003
Silver 0.001
Fluorido 0.2

; Nitrate 5.6

| end of list
|
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|
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!

TABLE A.7.

i*

VATER-QUALITY DATA, '

STATE OF VASHINGTON DEPARTMEtn OF SOCIAL & HEALTH SERVICES
(continued)

!

715L07 kEARDAN, 10WN OF C l a t. t, : 1 Count y:L.]NCOL N A('.C i l / 0
PO BOX 220 TA4 L tl WFI printeri:09/24/85

w.. r t no a
REARDAN, WA 99029 Next comple due - Frequencya

Bacti: 1/ month
Inorg. chem? 4/trl-an

'

1: 5107411 08/06/84 2539E Arsenic <0.01 Iron <0.05*

Barium <0.25 Manganese 0.016
Cadmium <0.002 Sodium 18
Chromium <0.01 Hardnet,t, 120
Lead <0.01 Conductivity 310
Mercury 0.0005 Turbidity,ch <0.1,

Selenium <0.003 Color <5
Silver <0.01 Chloride 5 i

Fluoride 0.3
N1trate 3.2

J

l
! ,

! 28 5105089 10/30/81 Arsenic <0.01 Iron 0.05
Barium <0.25 Manganese 0.014

'

Cadmium <0.002 Sodium 15
Chromium <0.01 Conductivity 280 ',

'Lead .<0.01 Turbidity,ch 0.1
Mercury 0.0005 Color <5t

<

f Selenium <0.005 Chloride 5 !
Silver <0.01 |

Fluoride 0.3
Nitrate 0.8 -

end of lists

.
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TABLE A.7

VATER-QUALITY DATA,
STATE OF WASHINGTON DEPARTMENT OF SOCIAL & HEALTH SERVICES

(continued)

63050N ODESSA Class:1 County: LINCOLN AP. Cit /D
PO BOX 218 WFI pr i n tod : 01/0'//06

ODESSA, WA 99159 Next tamplo due - Frequencia
Bacti: ( sn ) 1/enon t h
I norg. t he#a t 3/tri-cn

14 5106879 01/13/84 Arsenic <0.01 Iron <0.05
Barium <0.25 Manganese <0.01
Cadmium <0.002 Sodium 50
Chromium <0.01 Hardness 110
Lead <0.01 Conductivity 430
Mercury 0.0005 Turbidity,ch 0.2
Selenium <0.003 Color <5
Silver <0.01 Chloride 15
Fluoride 0.8
Nitrate <0.2

,.

28 5104082 05/09/80 Arsenic 0.01 Iron 0.05
Barlum 0.25 Manganese 0.01

'

Cadmium 0.002 Hardness 10
i Chromium 0.01 Conductivity 340
! Lead 0.01 Turbidity,ch 0.1

Mercury 0.0005 Color 5
1

Selenium 0.005 i

Silver 0.01
i

* Fluoride 3.1
Nitrate 0.2'

|

| end of list

|
|

Table A.7 Sheet 5 of 6
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31450Y HARRINGTON, CITY OF Class:1 County: LINCOL N ABC 1/0
BOX 492 WFI printed: 10/23/05

HARRINGTON, WA 99134 Next compte due - Frequency
Bacti 1/ month
Inorg. chem: 2/tri-an

it 5108290 07/18/85 Arsenic <0.01 Iron <0.05
Barium <0.25 Manganese <0.01
Cadmium <0.002 Sodium 50
Chromium <0.01 Hardness 270
Lead <0.01 Conductivity 680
Mercury <0.0005 Turbidi ty,ch 0.1
Selenium <0.003 Color <5
Silver <0.01 Chloride 35
Fluoride 0.3 Sulfate 25
Nitrate 0.2

28 5105919 08/27/82 Arsenic <0.01 Iron <0.05
Barium <0.25 Manganese <0.01
Cadmium <0.002 Sodium 40
Chromium <0.01 Hardness 260
Lead <0.01 Conductivity 670
Mercury 0.0005 Turbidity,ch 0.1
Selenium <0.005 Color <5
Silver <0.01 Chloride 50
Fluorido 0.3

. 38 5103553 05/11/79 Arwenic <0.01 Iron <0.1
'

Barium <0.25 Manganese 0.037 -

Codmium <0.002 Hardner.s 240
Chromium <0.01 Conductivi'. 530
Lead <0.01 Turb i d i ty, c t. 0.2
Mercury <0.001 Color <5
Selenium <0.005
Silver <0.01
Fluoride 0.4
Nitrate 5

4: 5103267 09/18/78 Arsenic <0.01 Iron <0.05
Barium <0.25 Manganese <0.01
Codulum <0.002 Sodium 20
Chromium <0.01 Hardness 240
Lead <0.01 Conductivity 580,

Mercury 0.0015 Turbidity,ch 0.2
Selenium <0.003 Color <5
Silver <0.01 Chloride 28 i

Fluoride <0.2 Sulfate 90
' ** *

Table A.7 Sheet 6 of 6
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TABLE A.8

AVAILABLE GEOPHYSICAL LOGS

Lincoln County

Town shi p/ Ra nge Elevation Depth . Log
Section ID Owner (ft MSL) (ft) Type l)

21/31-10M1 Basalt Explorer #1 1610 4400 M

21/31-21B1 Ba te s , Don 1742 555 M

21/31-22L1 Bates, Don, #2 1750 1567 M~

21/31-22L1 Ba tes , Don, #2 1750 1560 IM
|
| 21/31-25B1 Schibel, Don 1780 644 M
i

21/31-30L1 Kissler, Bob 1680 470 M

| 21/31-30R1 Kissler, Bob 1647 865 M

21/31-32D1 Kissler, Fred 1669 687 M

21/31-32D2 Kissler, Bob 1670 1180 N

21/32-23F1 Schafer, Jerry 1812 980 M
'

21/32-23F1 Scha f er, Jerry 1812 980 IM

21/32-23F1 Scha fer, Jerry 1812 980 IM

21/33-09El Odessa City 1610 652 M

21/34-33C1 Hardung, Joe 1920 880 M

23/32-04J1 Weishaar, Wallace, #1 1865 697 MT

23/32-10G1 Weishaar, Maurice 1885 430 M

23/32-17G1 Weishaar, Wallace, #2 1863 677 M

23/33-10J1 Zagelow, William F. 2115 750 M

23/33-14E1 Zagelow, Larry 2070 675 M

23/34-30C1 Null, Ea rl 2006 555 M

23/37-35A1 Bly, Dale, el 2280 284 M

24/31-16El Almira Test Well (DOE) 1840 742 M

Table A.8 Sheet 1 of 6

A-96

. . . . _ _



. - _ .- - _ . _ _ _ _ - _ __ _ _ _ _ _ - _ _ _ - _ _ _ _ _ - . _ _ - - __ _ _ _ - _ _ - _ _ _ _ _ _ - _ _ . -

4

TABLE A.8

AVAILABLE GEOPHYSICAL LOGS (continued)

Lincoln County (Continued)

i Town s hi p/ Ra nge Elevation Depth Log

Section ID ~ Owner ( f t MSL) (ft) Type l)

24/33-23P1 Schmierer, Alvin 2090 1017 M

24/34-23F1 Bly, Dale, $2 2240 429 M

i 24/34-30P1 Nealey, Darwin 2115 759 M

25/33-07B1 Dreger, Bill 2150 375 N

25/34-29J1 Dreger, Richard 2282 1233 T

25/37-21L1 Davenport City 85 2410 490 M

25/37-21L2 Davenport City #6 2410 743 M

25/37-21L2 Davenport City $6 2410 525 IM

25/39-15D1 Reardan City 2500 851 M

26/32-10H1 Geib, Norman 2240 744 M

26/33-06J1 Wilbur Cemetery 2340 440 M

26/33-07L1 Wilbur City 2190 193 M

Spokane County j

23/41-01R1 Bell, Don 2390 90 IM

23/41-13Cl Cheney #1 2420 560 T ;

'

23/41-13C2 Cheney #2 2420 604 T

23/41-2381 Cheney City Test Well .370 607 M
;

'

23/41-23B1 Cheney City Test Well 2370 1003 N

23/41-23B1 Cheney City Test Well 2370 1120 IN
,

,

23/41-2382 Cheney City #5 2370 2125 T |

25/40-06N1 Ca r s t e n s , George 2530 266 M

25/40-34H1 Jackman, H. 2340 332 M ,
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TABLE A.8

AVAILABLE GEOPHYSICAL LOGS (continued)

'

Adams County

Township / Range Elevation Depth Log
Section ID Owner ( f t MSL) (ft) Type l)

19/31-1001 Kagele, James 1371 655 M

19/31-24G1 Kagele, Norman 1473 540 M

19/32-24K1 S&K Fa rms 1740 770 M

19/32-24N1 J &M Farms 1674 2245 M

19/33-0801 Hoefel, Paul 1842 730 M

19/33-0802 Hoefel, Paul, #2 1825 2433 M

19/34-20B1 Kagele, Melvin 1857 1124 M

19/35-1401 Ritzville City #2 1805 964 M

19/36-09K1 Gering, Gayle 1860 751 N '

1

19/36-15A1 Gering, Gayle 1905 1241 M
r

19/36-21F1 Galbreath, Dale 1820 358 IM

19/36-22J1 Te m pl i n , Del 1864 292 M :.

19/36-22J1 Templin, Del 1864 650 M
f

19/36-34M1 Heinemann, Don 1769 450 M

19/36-34N1 Heinemann, Don, #2 1769 330 M

20/31-05C1 Kissler, Merlin 1645 561 M

20/33-16El Odessa Test Well (DOE) 1665 744 M,

20/33-1981 Schorzman, Ray 1775 777 M

20/34-0201 Weber, John 1950 653 M

20/34-10F1 Weizel, Leroy 1915 775 M

i
i
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TABLE A.8

AVAILABLE GEOPHYSICAL LOGS (continued)

Adams County (Continued)

Town sh i p/ Ra n ge Eleva tion Depth Log
Section ID Owner ( f t MSL) (ft) Type l)

,

t

20/34-25G1 Theil, Walter 1918 550 M i

20/35-01M1 Franz, Harold 1930 790 M

20/35-17D1 Hardung, Lavine 1982 740 M

20/35-24D1 Ahern, Cliff 1945 516 M

20/35-27Al Kagele, Richard 2005 757 IN ,

20/35-27Al Kagele, Richard 2005 1200 IN

]
20/35-27Al Kagele, Richard 2005 1193 M

, 20/36-08A1 Curtis, Bill 1909 475 M
i

20/37-04L1 Henning, C.H. 1888 410 M [

Gran t County

f

| 19/27-02F1 Edwards, Robert 1140 265 M

19/27-31D1 Lauzier, Paul 1230 765 M
,

19/28-23D1 Moses Lake City 87 1065 920 M .;

19/28-23J1 Moses Lake City 85 1175 690 M

19/28-27C1 Moses Lake City #10 '. J 5 7 660 M

i 19/28-28K1 Moses Lake City #4 1075 960 M

{19/28-28K1 Moses Lake City #4 1075 960 M

19/28-29M1 Moses Lake City #31 1055 482 M |

19/29-03P1 Fode, Roy 1330 526 IN

19/29-03F2 Fode, Roy, #2 1357 1054 M

19/29-03F2 Fode, Roy, #2 1357 714 IN !
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TABLE A.8

AVAILABLE GEOPHYSICAL LOGS (continued)

Grant County (Continued)

Town s hi p/ Ra nge Elevati n Depth Log
l)Section ID Owner ( f t MSL) (ft) Type

'19/29-04H1 Shinn, Frank, #2 1312 920 IM

19/29-09H1 Shinn, Frank, el 1298 572 M

19/29-14J1 Jett-Aero #2 1350 320 M

19/29-14J1 Jett-Aero #2 1350 713 M

19/29-15A1 Masto Forms 1365 945 M

,

19/29-16N1 Carna tion Company 1242 625 M
1

19/30-15L1 Radach, Jerry 1442 1178 M

19/30-16J1 Sparks, Dave (East) 1452 916 M

19/30-16M1 Spa r k s, Dave (West) 1440 952 M

19/30-17M1 Schmidt, Reuben 1420 729 M

19/30-2001 Jett-Aoro el 1427 1020 M

19/30-28E1 Basin Produce 137d 697 M
i

20/29-07H1 Cole, E.B. 1295 700 M

20/29-15H1 Cole, Ivan 1365 522 a

20/29- 2 5C1 Reinke Fa rms 1422 1326 M

20/29-35A1 Powers, Tom 1340 960 M

20/30-21G1 Claassen, Clint 1560 1164 M

20/30-21G1 Claassen, Clint 1560 1535 N

20/30-23Al Franz, Herb, #2 1641 720 M

20/30-23E1 Franz, Herb, #1 1588 1103 M

20/30-28R1 Stucky, J. Jantz 1525 588 M

Table A.8 Sheet 5 of 6

A-100

. . .



TABLE A.fe

AVAILABLE GEOPHYSICAL LOGS (continued)
Grant Co un ty ( Con t i n ued )

Town shi p/ Ra n ge Ele va t ion Depth Log
Section ID Owner * ( f t MSL) (ft) Typell

_

20/30-32x1 Neibaut/ West 1460 1252 M

21/24-25J1 Boruff, C.E. 1720 865 N

'21/ 2 4- 25J 1 Boruff, C.E. 1720 1136 N

21/26-08N1 Ephrata City 45 1580 434 M

21/26-15H1 Ephrata City #10 1320 1856 T

22/28-25D1 Sc ha f e r , Jerry 1410 466 T

22/28-2501 Scha fer, Jerry 1380 544 T

22/30-26G1 K'i n g , Bud 1673 787 M

22/30-26G1 King, Bud 1673 1565 MT

23/28-27El Scha fer, Jerry 1700 643 T
.

23/29-2aG1 Stevens, David 1650 582 T
4

24,20-11M1 Borst, Paul 1730 369 M

P

24/29-OlAl McPherson, Tom 1805 1044 M

25/28-13R1 Isaak, La r ry , 43 1827 360 M2

25/28 14P1 Isaak, La r r y , 82 1667 440 M

.

| 25/28-24D1 Isaak, La r ry 1824 142 M
.

25/28-24L1 Isaak, La r ry , 81 1818 620 M

75/28-25B1 Dormaier, La wre nce 1820 570 M

25/28-26P1 Buob, Bill 1675 374 M

25/20-05., * arma ie r , George 1885 644 M

Sourez 3. a b '. n a t - ,'te University ( Ken Seymour, written
.s January 31, '586).-

"- ' < ' ' 'ncomple te log suite, T= Translucent copy,1) -

copy.i - - o- ,,
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TABLr A.9

RADIOCARBON AGE DATA, WSU STUDY ( cont a ntaed )

5
S Radiocarbon
*

field W.S.U * I Depth Altitude Depth of Altitude Tecp. A8eB.P. gSacple Sa gle owner. Town
# (feet) land sur. Aquifer Aquifer 'T Yrs.

, ,
(ft) (ft) (ft MSL)

11 913 19/32-4J J. Greenvalt. Jr., 290 1584 187-205 1397-1079 58 8990 3 275
Ritzville Alt. 229-248 1355-1336

12 912 18/36-4M H. Teske, 151 1778 128-149 1650-16?? 55 4870 3 330
Ritzville U.S.C.S.

level

13 935 20/35-1201 . Franz (C. Kubik), 197 1952 150-170 1760-1700 52.7 1065 3 275
Ritzwille Alt.

Y 14 9% 17/37-17R R. Harder, 214 1579 194-214 1405-1385 56.2 5530 3 260
$ Prnge Alt.
w

15 937 15/34-30A1 L. Vatron, 24i 1400 181-196 1219-1204 5$.7 1560 3 265
Lind Alt.

16 933 14/30-33JK W. C. Harder, 120 947 80-120 867-827 56.2 4480 3 250
Kahlotus Alt.

Il 934 2 3/al-lJ1 *t. E. Lee (Mr. 89 2378 (78-59) 2300-2289 ~.7.2 1880 + 200
.

Godwin). Cheney A l r. .

Is 939 2'/al-7' J. I. . Eccles, 107 2'.13 (95-107) 2313-2306 45.: 11,625 ; 750
Medical Lake Alt.

cn
:r

$ 19 940 24/42-22G1 T. Martensen, 124 2237 (70-121) 2167-21 3 e7.3 Modern
103 3 2.17~

Marshall Alt. assun.
w

& 20 9 '.1 23/36-15K2 T own o f Ita r r i ng t .a 300 21 5 262-300 1883-1815 55.3 5000 3'm
Alt.

w
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tassa A.s

y BArIo m AGE BASA. M ST M (cestiamodt
-

*[
Meld U.S.U. Radiocarten

Eell Depth Altitude' Depth of Altitude Temp. Age* istple SdmPle Owner. Townp (feet) land sur. Aquifer Aqui fe r *F Yrs . B.P. 6), a #
(ft) (ft) (ft MSL)

21 942 19/40-25C1 J. P. Glorfield 98 1741 90-98 1651-1643 57.2 11,050 2 690
(R. Loomis). Alt.
St. John (Ewan)

22 943 18/40-2A2 E. M. Hays. Evan 140 18?.9 120-140 1729-1709 52.7 flodern
Alt! 112 + 2

-

23 914 25/39-2P Town of Reardan 300 2524 (261-295) 2263-2229 51.8 1805 + 200
Alt.

24 "" 5 23/38-12A Great Northern R.R., 82 2329 62-82 2347-2267 56.2 10,275 3 1465>
'

Edwall Alt.
O

25 945 26/33-19D A. McIntoy, 233 2159 223-233 1936-1926 54.2 7225 + 225
Wilbur Alt.

28- 947 26/32-26DI J. f. Rosman, 166 2003 153-164 1890-1872 51.8 10,900 2 485
'ilbur Alt.

l

27 949 26/32-16r Sheffels Co., 233 2113 171-175 1942-1937 53 5030 : ;65
Wilbur Alt.

28 952 23/57-29T H. Armstrong, 213 2132 185-213 1997-1969 52.7 2610 2 2>5Harrington Alt.
Yr
e 29 949 21/33-248 J. scrupps, 120 1800 ~100 ~ 1700 55.8 Modern

,

*
Odessa U.S. top. 162 + 2.67

,.

ta map' -.

o
m 30 953 27/32-288 J. Sheffels, 212 2222 110-125 2112-2097 52.9 5340 3 350

i

V witbur 170-205 2052-2017

|
'
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TABLE A.9

[ RADIOCARBON AGE DATA,tr$U S N T (continued)
er
e-*
e

Radiocarbon>
II II ''*S- - 4ct! Depth Altitude Dcpth of Altitude Ter p. Age

*

s . ' ,,1 (o
3a ple (s ne r . Tesn gg , ,. 9,7 . gg 7 g, g,p,6),

(ft) (ft) (ft MSL)

31 95; 2 )'3 *-23C1 Iovn o f t anont 202 1961 162-196 1799-1763 53.3 3020 + 280
Alt.

32 155 25''2-33: Starlite : tote ts 156 23'.0 154-156 2186-21S' 51.5 Contamin..

Spo' anc 7.5' 8567. ; 1.5%Inc.. <

Np

33 v i*, I7-33-2ACI 21 . Calbreath. 200 1852 195 IS77 5t.5 2840 ; 335
Ritzvsite Alt.

> 3 MG 2 *- - 3 3 - 2 )q H. 7:u x , watbur 288 2203 (120-1 M) 2036-2078 56.2 4660 ; 3500 Alt. (250-270) 1958 *,939

3 280-288 1928-1920

35 976 23/33-10A u. F. Zagetow, 146 2075 (135-106) 1940-192*. S's . 3 5800 400
Odessa Alt.

3s 959 IS/33-21D R. Spencer. ~ 118 169; (-100) ~ 159a 50.2 Modera
ser e Alt. 133.35 ; 2.6%

37 960 17/35-ISJr J. D. :ta a s e , 74 1730 (70) 1556 5 1086 + 155
Ritzvitte Alt.

33 961 2 5 / 3 5 - 3 " .'t ? . 11. Janett. 148 2389 13'.-148 2256-2202 51 2120 + 280
$ bavenport Alt.

~

m
e
" 39 9S2 2' /35-29D E. E. Earvick, 150 2302 147-150 2253-2250 52 2440 + 270.

* Isavenport Alt.
O
'

40 977 22/33-2Kt A, sackman, 165 1930 (149-165) 1771-1755 55.8 2720 + 300" ~

0dessa Alt.

1

l
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TABLE A.9

H RJDIOCARBON AGC DATA, WSU STUDY tcontinued)
ED
CT
e-o
e

? Radiocarbon
r a c ! ., ,,. . S . L..,

o ...11 Depth Altitude Depth of Altitude 37 .V e
Sa ple 5arplc t*mer, !an

ifect) land sur. J,quifer Aquifer 'T Yrs. E.P.6),

" ~

(ft) (ft) (ft MSL)

'.1 779 21/35-7At L. Iverson. 1 18) 2009 ~ 199 1900 55.'i 6250 - .00
odessa U.S. top

nJP

12 979 21/35-7G1 E. ' . ' . Iverson. 607 2020 109 123 1911-1697 6' Modern
edessa U.S. top 392- % 7 la28-la13 1577. ; 2.5~.

NP

;) 960 16/39-27 J. S. Schioner, 156 1565 132 - 15 +3 1033-1409 55.5 5980 3 390
C PJ K Benge Alt.

' I

$ a '- 921 2 5 / 35-Litt State stighway 90 2339 (21-90) 2318-2249 53.1 4680 - 360
* 982 Dept., Alt. 4660 3 395

Davenport

45 985 19/LO-2151 Clorfictd Pros., 278 1821 194-278 1627-1543 50.7 5250 3 350
twan 7.5'

r.a p

15 999 17/' 0-2 6A l C. 5. Stor ent, 101 1640 (62-101) 1578-1539 56.6 Modern.

E nd ic o t t 15* 1477, ; 2.4";
ca p *

r.n
7
*

1O Altitudes measured with altimeter.y
Altitudes established by the levelling of U.S. Geological Survey.

3U Altitudes established from 7.5* topographic maps.
4
Altitudes established from 1:250,000 topographic maps.O 5m Altitudes established from 15* topographic maps.
See Fig. 2.22.9

Source: Silar, 196*.

- - _ _
- - -



TABLE A.10

SELECTED ISOTOPIC DATA, USGS REGIONAL STUDY

18 ot6 142 lc'3 cl2 / cn fn o/

U SGS To.nship/ Range Da te of Ratio Ratlo Ratio Pe r ce r. t USGS

pts; No.23II 33Station ID Section 10 Sa mp l e (per M) (per M) (per M) Ma der ,

75.4 --

473640119355601 24/26-06Foi 07/27/82 -13.7 -- --

-17.5 35.5 --

473443118531501 24/31-14E01 07/23/82 -12.3 -

473443118511501 24/31-14E01 06/03/83 -12.7 -135.0 -17.0 35.8 --

-17.7 67.8 --

473908120041<01 25/2 2-21 H01 DI 07/29/82 -13.4 --

47364S118452301 2 5/3 2-35P01 09/09/82 -12.8 -- -17.8 8.0 407

473648118452301 25/32-35P01 06/04/83 -11.6 -144.0 -17.9 5.9 407

47382911838290) 25/33-27A02 06/03/83 -- -134.0 -11.0 -- 409

474142118235501 25/35-03E0lDi 06/02/83 -17.7 -121.0 -15.4 51.5 410

473848118091901 25/37-21LO4 06/01/83 13.0 -144.0 -18.6 5.0 413

473832118081801 25/37-27E01 05/31/83 -- -127.0 -16.3 -- 414

-16.6 3s.0474337118454201 26/32-26D01 07/23/82 -14.4 ----

474337118454201 26/32-26001 06/04/83 -14.4 -130.0 -16.8 39.0 --

11 Source: USGS WATSTORE file retrievm1 (Janaary 24. 1986). These stations represent a
subset of those described on Table 2.3.

2) See vig. 2.11.

3) Township (N)/pange(t)-Section with subsection designation.

|

1

l
1

|
,

A-107
|



-

vi u se m ervta,oav-o .sino. > u .o-, w.u .t no. ., &. w
i.,.geo.= =

IBLIOGRAPHIC DATA SHLET /L",'," % ''

,,o o.,,,,,.ive fiUREG/CR-5107 /ni.e ,.ve

,.....m..... ,..,s. ...

Hydrogeologic Char erization of Basa' ts
The Northern Rim of Te Co.umbia Plateau Physiographic
Province and of the ston Study Area, Eastern Washingtcc ao.isaim.co.*/so

/| f
.s..oo .

December 1987, w, o. ,,

T. D. Steele, J. A. Pas is, R. A. Koenig * o'" Fo"' '55 io,

- | 1988
oo . f ....

March
,.. .o... ;c..s. ,.i.c . . . o..,6.%3 . s s ,,,, < . c , . ..o. c , . i . 5. v. e. . s . , = u . n .

In-Situ, Inc. /
* * ' ' ' ' ' " ' ' * * " *210 South Third Street

P.O. Box I FIf1 Dll(
Laramie, VY 82070

,

io ses 3..ss o.s.v, .,,o, .. .~o . 4.s s .a o t s, <.6. n..... .i,0.i

Division of Engineering \
Office of tJuclear Regulatory Res 'rch

, ,,33;o,,,,,,,,,,,,,,,,U.S. t1uclear Regulatory Commissio \
k 'eptember 1985 - Decembet 1987Vashington, D.C. 20555 j

,, , _ i............
s
\
\

, u . . . c , ,,_ . s

\
This report provides a general but mpre 1sive characterization of
hydre, geologic and hydrogeochemical bas 'in conditions for the Creston
area located along the northern rim c the Columbia Plateau physio-
graphic province. Historical as well as scent data and other available
information from previous studies a lternative sources have been
considered in this baseline hydr ogi 1 characterization. These
include data and information on va r lev ls, aquifer characteristics,
and vater quality for shallow asalt ui 's comprising the Vanapum
Formation and the Grande Ronde ,rmation in he Creston study area and
for the general region surroun ig this study rea. The overall goal of
this hydrologic characteriz lon was to p' vide useful information
leading to the selection of he Roza Member o he Vanapum Formation as
the study's basalt hnri n and for other r ated, subsequent study
components of In-Situ's r search project.
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