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A PRELIMINARY EVALUATION

OF REGIONAL GROUND-WATER FLOW IN SOUTH-CENTRAL WASHINGTON

By A. M. La Sala, Jr., G. c. Doty,'

and F., J. Pearson, Jr.

Abstract

The characteristics of regional grqund-water flow were investigated
in a 4,500-square-mile region of souéh-cent?al Washington, centered on
the U.S. Atomic Energy Commission Hanford Reservation. The investigation
is part of the Commission's feasibility study on storing high-level
radioactive wastes in chambers mined in basaltic rocks at a depth of about
3,000 feet or more below the surface. Ground-water flow, on a regional
scale, occurs principally in the basalt and'i§m§ptgrbedded sediments of the
Columb}arkiver Gfoup,an& is controlled by topography, the structure of
'the basalt, and the large streams--the Columbia, Snake, and YakimA Rivers,
The ground water beneath the main part of the Hanford Reservation, south
: aﬁd west*of the COIumbia RiVer, moves southeaatwgrd’from recharge areas

~— ~

in the ﬁplands including Cold Creek and Dry Creek valleys and ultimately

, 2

discharges to the Columbia.River south.ofhtbe,zeaervacion. East ‘and

¥

. - . o )
dortheast of the Columbia River, ground water flows generally southwestward
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and discharges to the river. ' The Yakima River valley contains a
distinct flow system in which moveme:;t is toward the Yakima River from
the topographic ’divides. A large southward-flowing ground-water sysﬁem
beneath the southern flank of the Horse Heaven Hills discharges to the

Columbia River in the westward-trending reach downstream from Wallula Gap.



Introduétion

| This study of regionaltgfound-water flow in south-central
Washington is part of the U.S. Atomic Energy Commission's research
program on managing radioﬁctive wastes stored at the Hanford Reserva-
" tion, which lie; within the 4,500-sqhare-mile region shown imn figﬁrg 1.
.‘It is a phase of an investigation of the feasibility of storing high-
level radioactive wastes in chambe;s mined ‘at a depth of abbutj3,000 feet
"or more below the surface. The f1f§£ phasé of'fhis feasibility inQesti-
gation was centered on the drilling of test well ARH-DC-1 to a depth of
5,661 feet near the present wasteQétoraée areas (fig. 1). éeophysical
logging and hydraulic testing in this wé11 indicated that basalt flows
of high density and low permeaﬁility, and which are therefore possibly
suitable for mining of chambers, occurred within the required depth
interval (La Sala and Doty, 1971). Of prime consideration in the over-
all feasibility study is the prediction of the rate and direction of
movement of waste radionuclides that ﬁay 1eavé-the proppsed chamber
through the ground-water system. This predicﬁion must be based on .
knowledgé of the flow and geochemicai characteristics of the gréund
water in the basalt. For this reason, ﬁhevdrilling of well ARH-DC-1
.-was f9119&ed Ey the present study with the purpose of making an initial
4:;ppraisa1 of the direction ;f ground-water flow infthe bagaltic-rock.(

aaequence and to identify probable"iecharge and discharge areas.
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Thé specifiq objectives of the present study are: (1).To,assemb}e
and evaluate the hydrologic, geochemical, and geologic -information from
existing wells tapping the deeper parts of thé ground-water system;

(2) to.develop a hypothesis as to the fiow charécteristics of the
system{~and (3) to detérﬁine the need for additional data that would
be'rquired to déscribe.the system adequately.

Ground-water data on.file in varioﬁs offices were reviewed in
detail. Some of these data are available in feports (Walters andl
'Grolier, 1960; Newcomb and others, 1976; Newcomb, 1965; Molenaar,

1968) . However, data essential to this study on comstruction deﬁailé

of the welis, changes in ground-water levels in wells as drilling pro-
gressed thréugh deeper water-bearing zénés, and other pertinenﬁ details
generally were not published. The principal sources of these unpublished
data are the Tacoma and Portland District offices of the U.S. Gealogical
Survey; Washington State Department of Ecology at Olympia; the

Walla Walla‘District of the U.S. Army Corps of Engineers; and the U.S.
Bureau of‘Réclamation; _Mr._R.~E. Brown, formerly of the Pacific North-
west Laboratory, 3a£telie ﬁbmorial Institute, also provided data on ;

number of wells



The data on wells were analyzed to determinev(i) the ground-water
potential both areélly and with depth, (2) the mode. of occurrence of
ground water in the basaltic rocks, (3) areas of recharge and discharge,
and (4) the distribution of chemical constituents in the ground water. |
The available data were supplemented by the collection of ground-water
Samples from wells for analyses of isotopic and chemical constituents.
The wells were selected for sampling on the basis of location, depth
of water~-bearing zones, and construction features that would facilitate
.collection of representative samples. They were inspected to see if
their pumping systems were suitable'for.obtaining unaerated samples and
to verify data obtained from file recordé. Watér samples were analyzed
fof chemical constituents, the radioisotopes tritium and carbon-14, and
the stable isotopes of carbon. Field measurements were made of pH,

alkalinity, and oxidation-reduction potential,

Physiographic and Geologic Setting
South-central Washington is within the Columbia Plateau and is
underlain by basaltic rocks of the Columbia River Group of middle
Miocene through early Pliocene age. These rocks have long been the
rSubjec;t of.geologic stuéies, Seginning with Russell (1893). They are
. an accumulation of lava flows, wﬁich were so fluid that individual flows

_spread over large areas of the plateau.



- The basalt‘sequencé-of the Columbia River Group eiceeds
10,000 feet in thickness in the Qicinity of thé Hanford Reservation.
This thickness is known from the drilling record of a petroleum test
well, Rattlesnakg Hills No. 1 (see fig. 1) drilled im 1958, ﬁnd from
geophysical and lithologic studies made of the well on behalf of the
Atomic Energy Commission by Raymond and Tillson (1968). Only the upper
.part of the Columbia River Group, the Yakima Basalt, is commonly exposed
in the region of study. fhe type section of the Yakima Basalt is more
than 2,000 feet thick in the upper part of the Yakima River valley
west of the Hanford Reservation (Diery and McKee, 1969). Closer to
the reservétion, only about the upper 1,000 feet or so of the formation
crops out along the surrounding ridges and in the stream valleys. The
outcrops contain some significant zones of tuff and water-laid sand
between dense basalt flows and also zones of pillow palaéonite, flow
breccia, and vesicular basalt. Stratigraphic studies of this section
of rocks have been made by a number of workers (Bingham and Grolier,
1966; Brown, 1968; Mackin, 1961; and Schmincke, 1967). Further sérati-
graphic‘studies in connection with Ehe feasibility investigation are
now being”;ade upd;r the dif;ction of ﬁ. E. Isaacson of the-Atlantic
Ricbfield Hanford Company, prime contractor to the AEC on the deep-mine

' waste-storage study.
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The Yakima Basalt.has begﬁ warped and folded to form the princi~
pal topographic features of éhe'region. The Pasco Basim, in which the.
Hanford Reservation liéé (fig. 1), is an extensive dawﬁwarping of the .
basalt, having two main éynclinal segments, the Pasco and Colé Cregk
-synclines (Newcomb, 1970). These synclines are separated by the
Gable Mountain anticline, which forms a discontinuous but. prominent
eastward-trending ridge across the central part of the Reservation.

The eastern side of the Pasco Basin mergés with an extensive southwest-
ward-dipping homocline that extends northeastward and eastﬁérd through
the Columbia Plateau. To. the west of the Pasco B;sin 18 a broad
upland area of folded baéalp that extends westward to the Cascade Range.
~The ridges of this upland area are formed by a series of eastward- and
southeastward-trending tightly folded anticlines. The Umtanum Ridge
and Yakima Ridge anticlines terminate at the western border of the Pasco
sistent eastward and form the north and south boundaries of the basin,
respectively. In the southeastgrn part of the regionm, tﬁe Rattlesnake
Hills anticline is subdued topographically, and here the northfacing
scarp of the Horse Heaven Hills is the boundary of the Pasco Basin.

The Horse Heaven Hills are formed by a major linear upwarp of the basalt
haviBg ;ﬁ,asymmetric ‘anticline along its north side. The Horse Heaven

.

Hills extends from the Cascade Range on the west to the Blue Mountains

. T

;n Oregod‘on,the eésﬁ and forms a continuous drainage divide across

. soufh-gén}ral Washingtoh{ excépc where breached by the Columbia River
" -at Whliulé‘cap. .
11



Faults in the region (figs. l-and"é) are described by Bingham,
Londquist; and Baltz (1970) and Newcomb (19705. Minor thrust faults
4associated with folding occur at Gable Mountain, as waé demonstrated
by trenching, and Umtanum Ridge (fig. 4). Vertical faults are
described af Wallula Gap by Bingham, Londquist, and Baltz;(1970,

p. 67-70) on the basis of field mapping. These workers hypothesized
that the faults in Wallula Gap extended northwestward along topo--
graphic alinements. Further detailedAwork is needed in the region to
define the extent of known faults aﬁd the character of tOpoérafhic

alinements.
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Lacustrine and fluvial sediments of Pliocene age p#rtly fill the ‘
structural basins formed through folding of the basalt sequence.
These sediments consist of laminated silt, fine sand, and clay and of
crossbedded sand and gravel. The Ellensburg Formation was laid down
in the Yakima River-valley and the Ringold Formation in the Pasco Basin.
Deposition of these sediments was in part contemporaneous with the
folding. The lower part of the Ellensburg Formation is apparently
interfingered with the uppermost flows of the Yakima Basalt (Bingham‘
and Grolier, 1966). During the Pleistocene Epoch glacial melt water
eroded southwestward-trending coulees in the basalt northeast of the
Hanford Reservation and caused considerable erosion along the present
course of the Columbia River. The upper part of the Ringold Formation
was removed by erosion from the Pasco Basin south and west of the
Columbia River. At one time glacial melt water formed a lake in the
Pasco Basin in which silt and Zinme sand comprising the Touchet Beds of
Flint (1938, p. 493-495) were deposited. After draining of the lake,
glaciofluvial materials consisting mainly of coarse gravel and sandA
were deposited. Erosion of cpe glaciofluvial deposits by subsequent
mel;(water produced a series of: terraces descending toward the
Columbia River.- zSurficial fine-égained windblown deposits originating
in»pdatglacial time are widespread. The combined sedimentary and
glaci;i de;oéits haﬁé a,maximumAthicknéssﬂof about 750 feet beneath
the Hanf§;§ Reservation.%nd proBably about 800eret or more in the

Yakiﬁa vél}ey.
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The broad terraces of élaciofluviai gravel in the central part
of the Hanford Reservatiog lié at altitudes of about 360 to 800 feet
above mean sea level. Maximum altitudeAin the line of ridges formed:
'by the Gable Mountain anticline is 1,085 feet on Gable Mountain. The
Horse Héaven Hills haﬁg an altitude of about 2,000 feet along the crest
of their north-facing ;carp. Rattlesnake Mbuntain has an éltitude of
' about 3,000 feet. The other anticlinal ridges range from about 2,0001
to 3,500 feet inAaltitﬁde, the highegt altitudes being'£n the western
-part of the area. | ‘

Thé_Columbié River, which is the-ﬁaster stream of thé‘region,
flows generally southeastward to Wallula Gap énd then makes a broad
turn through the Horse Heaven Hills and flows westward to the Pacific
Ocean. The Columbia River is joined by the Snake and Walla Walla
Rivers from the east between Pasco and Wallula Gap and by the Yakima
River from the west at Richland. The Columbia:iand Snake Rivers drain
a large part of western United States and Canada. Above their junction
they have aveﬁage annual flows of.about 120,000 and 40,000-50,000 cfs
(cubic feet per second), respecfively. The Yakima and Walla Walla Rivers,
wﬁich have much smaller drainage areas, have average annual flows of

- about 2;000-3,000 and 509-60Q»;fs,~:espéctive1y.
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In its course through the region, the.Columbia River is artifl-
cially controlled by Wanapum, Priest Rapids; and McNary Dams, above
which normal pool'altitudes are 570, 486, and 340 feet; Lake Wallula,
the pool formed by MbNary Dam, extends about ll'oiles upstream of
Richland. Between this pool and Priest Rapids Dam the river is free
flow1ng, though the flow is controlled by upstream releases. In this
reach, the river falls in altitude from 400 feet to the 340 foot normal
pool elevation of McNary Dam. Before the dam was constructed, the
Columbia River dropped from 340 feet north of Richland to about 250 feet
at.the present site of the dam. - | - )

The average annual precipitation ranges from about 6.3 inches omn
the Hanforo Reservation to about 12 incheo on the Bigher ridges.
Perennial surface-water flow does not occur within the area except in
the Columbia, Snake, Yakima, and Walla Walla Rivers and in lower Crab
Creek, which is north of the Saddle Mountains (fig. l) The flow in
all these streams is considerably ragulated and affected by irrigacion
withdrawals. »Sprlngs giving rise to some streamflow occur west of the
Reservation in the upper part. of Cold Creek valley and on the flanks
of the Rat;lesnake Hills and Umtanum and Yokima Ridges. The flow from

'these Sprlngs generally sinks into the ground within 1/2 to 1 mile from

their sources.

15



, Occurrence and Movement of Ground Water
The ground water of the region occurs in bermeable inferflog.v
~ zones and fractures mainly under arﬁesian ﬁoﬁdition in the basaltic
" rocks, and in intergranuiarvopenings uﬁder both'watef-table and -
artesian conditions in the unconsolidated deposits. On the Hanford
Reservatién soﬁ;h and west of the Columbia Riﬁer, the movement of
groﬁnd water in the unconsolidated deposits hgé'been intensively -
studied éy the U.S.,Gealogical Sﬁrvey (Newcﬁmb and othérs, 1970) and-
AEC contractors. Ground-water recharge to tﬂése deposits occurs by
(1) infiitratién of surface runoff from the ridges'to the wésé and
aduthwest; (2) discharge of waste water to the ground as part’of the
processing operations on the Reservation; (3) loss of water from the
lower reach of the Yakima River year round, and from the Columbia River
during high stages; and (4) direct infiltration where the water table
is close to the surface (Newcomb and others, 1970, p. 70). ‘Ground-water
discharge from these deposits is to the(Columbia Riyer. On the north
and east sidgs of Fhe river, the unconsolidated deposits and the
basaltic rocks are(fecharged by 1;rigation return water and by surface.
runoff in coqlegs and‘ditchea (H. H. Tanaka aﬁa J. E. Luzier, U.S. Geol.
;S;rigy, q?alfand»wr;ttenfcomeQ;,‘1971): Gr?undeater movement 1is

téﬁafakiﬁé‘Columbiauhiver.:

16



Water-bearing properties of the rocks.--Information obtained du;-

ingAdrilling‘of numerous irrigation wells in the basaltic.rocks con-
sistently show that basalt flows yield littlé water but that thin zones
of rubbiy or fractured rock along the contac;avof basalt flows yield
large quantities of water. Sediments interbedded with basalt flows
also yield largg'quantities of water. Tbis contrast in water-bearing
properties of the rocks is very marked énd was investigéted.at well
ARH-DC-1. Hydraulic tests of discrete zones Qf rock peﬁettated Sy'
well ARH-DC-1 allowed the transmissivity of individual rock units
within those zones to be estimated (La Sala and Doty, 1971). At'thié
well the ﬁasaltic rocks from 362 to 1,200 feet in depthibave a trans-
missivity of about 695 ftzlday. More—ﬁhan half of this transﬁissivity
value is contributed by a sedimentary unit at a depth of about 830 to
936 feet which has a transmissivity of about 355 ftzldgy. A dense
basalt zone from about 960 to 1,090 feet in depth has a transmissivity -
of only 0.2 ftzlday. Data from well ARH-DC~1l also indicates'thac
fracture.zéneg of high transmissivity occur between flowﬁ iha; make ﬁp
thick rock sections that are otherwise low in transmiséivity. ‘For
instance, from a &gpth of about 2,100 feet to 3,900 feet there appear
é%lbe ﬁo significant water-bearing zones, except for a 10-foot=-thick
zgéeAOE‘fracQurgd basalt at a depth of 5,230vfeec which has a trans-

missivity of about 68 £t2/day.

17



The values of tran#missivity determined by hydraulic testing in
well ARﬁ-DC-l were used to compute average hydraulic conductiv{tyfof:
rock materials in the vafious rock units. Average hydraulié conduétivity
is computed by dividing the transmissivity value by the thickness of the
unit. Laboratory methodslwere also used to determine the hydraulic
conductivity of several specimens of basalt. Hydraulic conductivity
values c#n be used to compare the water-transmitting propertiés of
-different materials; which characteristicallyAcontain differehf fypes‘
of water-bearing openings. Indirectly, these dgta can be used to
appraise the water-transmitting properties of various types of water-
bearing openings occurring in the basaltic rocks.

The basaltic-rock section contﬁins water in (1) pore spaces and
vesicles in the matrix rock of basalt flows, (2) fractures that cut
across basalt flows, (3) tabular zones of intense fracturing or con-
~ centration of cinders or rubble along the contacts of flows, and (&)

the pore spaces of sedimentary rocks interbedded with basalt flows.

18



The hydraulic conductivity ofirocks in basalt flows resﬁlgs onl§
to ; small degree from pore spaces and vesicles. Laboratory determina-
tion of hydraulic conductivity values for five specimens ofAcored rock
from well ARH-DC-1 range from 1.9X1073 to 4.96x107° ft/day (La Sala and
Doty, 1971). The smallest value determined was on a specimen of dense
basalt having a porosity of 2.1 percént. A specimen of vesicular
basalt having a porosity of about 25 péfcent has a h&draulic conductivity
of 3.12X1073 ft/day, oniy about 6b pércent greatef than that of the
dense specimen. Apparently, vesicles in the basaif are not intercom-
nected to an extent that would cause a signif;cant‘increase in hydraulic

conductivity with increasing void ratio.

L9
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Fractures in the basalt consist maialy of numerous joints'caused'
by shrinkage during coollng and fewer master joints caused by tectonic.
forces. Shrinkage joints are of three types (Newcomb, 1965, p. 19).

One common type separates the basalt into polygonal (usually hexagonal)

: columns
columns that are normal to'the cooling surfaces of the flow. These,may -
range from abcut 1/2 foot to 5‘fee: or more in diameter and may extend o
through the greater thickness of a flow. The upper an& lower colonnades
of flows owe their characteristic appearance to the development of sucﬂ :
joints: A second type of shrlnkage joznt separates the basalt into
smaller more lrregular, at places- contorted columns, generally about
6 inches across and commonly cross jointed into-a form called "brickbat.”
Thia'mcre irregular jointing occurs in the "entablature” of some flows,
between the upper and lower colonnades as described by Mackin (1961;

p. 14-15) Joints of a third type, which are essentially horizoatal,
consist of fractures that parallel the flow boundaries. Where the
horisontal jointing 1s well developed,‘the basalt has a fissile appear=~
ance. Mackin (;961, p. 6), referring to the upper part of tue Yakima
Basalt, srates'that habits of cooling-contraction jointing differ

markedly from flow to flow, and that distinctive arrangements of joint-

T

iné;patterns in a given flow -tend to be persistent laterally and to be

'a méans of fdentification. Master joints arising from tectonic forces
.‘~'
are mainly vertical and cut across several flows. Joints of this type

can be,obgeryed in Vallula Gap where rhey may be associated with faulting.



The effect of jointing 6# the-pefmeébility of basalt can be
apérﬁised from data collected at well ARH-DC-1. Frop'hydraulic teét
data on competent basalt in place below a depth of 1,000 feet, averagé
hydraulic conductivity values ranging from 1.6x1073 io 3.1x1073 ft/day
were deCermiﬁed. These values are two orders of magnitude gréatef than
the values determined for core specimens in the laboratbry.’ The higher
values for rocks in place probably are caused by water-bearingAjoinés.
Nevertheless, they are low, probébiy becausé many of the fractures éon-
tain veinlike fillings of secondary minerals, ﬁs was observed in some |
cores of basalt recovered from test holes on the Reservatioﬁ, or because
fractures are poorly interconnected. A hydraulic test on an 80-foot-thick
intefval of a basalt flow at a depth.of 400 feet gave a greater hydraulic
conductivity value of 2.9%10°2 ft/day.  Fractures in a near-surface
basalt flow, such as this, probably would tend to remain open to a
greater degree than would those in flows that are more deeply buried.

The reports of workers in other areas (Newcomb, 1965, p. 29; Garrett,

1968, p. 6-7) indicate that fracturing may result in significantly

greater hydraulic conductivity than has been observed on the

Reservation to date.
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The most permeable water-bearing zones in the basaltic rocks
occur along the contacts of some of the flows. These permeable zones
are caused by fracturing and weatheiing of the upper parts of flows,
which are particularly effective at producing numerous water-bea:ing
openings if the rock is also vésicular (Foxworthy, 1958, p. 15). Such
zones generally'are only a few feet thick and make up a small percent-
age of the total basaltic=-rock secﬁion."Newcomb (1965, p. 29) stated
that the permeable zones comprise about one~tenth of the vertical sec-
‘tion of the basalt. In well ARﬁ-DC-l, permeable zones at flow contacts
occur at depths of about 1,200; 2,050; 2,690; 3,200; and 4,000 feet,
The averagé hydraulic conductivities of rocks in these zones were
indicated from hydraulic tests to be as high as 8.7 £t/day. The zones
are generally persistent but do thicken or thin and in places are
abéent. The water-bearing properties of the zones vary laterally
‘bécause of changes in thickness and because of changes in the character

of the contained material or degree of fracturing.

22



Other important water-bearing units are beds of sedimentary rocks
interlayerad with the basalt flows. At well ARH-DC-1, the principal
permeable zones above a depth of 1,000 feet are sedimentary units con-
taining beds of sand. These sedimentary units are comsiderably thicker.
than the permeable tabular zones along flow contacts. They range from
about 25 to 100 feet in thickness and the principal zones occur at
depths centering at about 500, 650, and 900 feet. They are consider-
ably thicker than sedimentary beds reported in areas to the northeast
and east of the Pasco Basin by Garrett (1968, p. 6) and Newcomb (1965,
pP. 19-20). The sedimentary unit at a depth of about 900 feet in well
ARH-DC-1 consists mainly of well-sorted medium sand of moderate
permeability; because of its thickness of about 100 feet, as well as
its permeability, it is the most productive aquifer penetrated by this
well. The average hydraulic conductivity of this aquifer is about
3.4 ft/day. Part of the water apparently produced from the other sedi-
mentary units penetrated by ché well may have come from zones of frac-
tured rock along the contacts of the basalt flows overlying and under-

lying the sediments.

23



The effective porosity of the basalt flo&s, the fracﬁure~an3
rubble zodes between'basalt flows,'and the:sediments;probably vary
considerabiy;< The porésities of the wﬁtér-bearing units are a4factor‘
in tﬁe'velécity of ground-water movement. The actual velocit& of
groﬁnd-waéer movement is inversely.propérﬁional to the.pbrosity and -
direcﬁly propértional to the transmissivity.and hydraulic gradient.
(See Hubbert, 1940). If two rock units have identicai transmissivities
and are subject to the same hydraqlic gradient, botﬁ will ﬁransmit'_ ‘
wa:er'ét the same flow rate. Howévén, if t£e§ have diff;rent'porosi-

. ties, ;hey-will éransmit water at different'acﬁuai velocities,'the uniﬁ
of smaller porosity transmitfing water at thé higher veiocit&. In
geheral, fractured basalt and zones of intense fracturing or rubble
will have lowef porosities than sedimentary beds. Therefore water
will generally travel at relétively ﬁigher:velocities through the
'frac£ure or rubble zones of higﬁ transmiSSivity than it will through»

the sedimentary beds in the basaltic rocks.

24



Structural control of ground-water movement.--The movement of

ground water is strongly influenced'by both depositional strugture of
the rocks and tectonic structures, chiefly folds and faults. As was
previously described, the principal water-bearing zomes in the basaltic=-:
rock section are (1) thin tabular bodies of fractured or rubbly rocks
lying at some contacts .of basalt flows and (2) beds of sedimentary
rocks. The average permeability of the rock section as a whole is
therefore much greater in the direction_éoncordant with the dip thén
in.thé"discordant or cross-bed direction. In-an area unéomplicated.bf
structural featufes, water will tend to move'more-readily in a horizontgl
rather than in a vertical direction. This characteristic of the
basaltic rocks tends to greatly restrict cross-bed movement of water
into and from rocks that are deeply buried. The effect of the low
cross-bed perzeability in restricting percolati;n can be appreciated

by viewing some of the contact springs high on the south flank of
Umianum Ridge, west of the Reservation. Water that infiltrates into
jointed basalt on the ridge percolates downward to the uppef contact of
a dense basalt flow that has been exposed by erosion. Downward movement
is greatly retarded'by the dense basalt, and the water moves laterélly

along thefupper contact of the dense basalt and discharges at springs.

<
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Structural features of tectonic origin cause some considerable

effects on the movement of ground water in.the basalt. The upward arch-.

2

ing and suﬁsequent erosion of rocks in ridges férmed by anticlines exposes "
some of the permeab1e>zones to direct infiltration énd facilitétes_
rechargg. Due to orogfaphic effect, the ridges have higher precipiﬁa;
tion than surréunding areas and this facilitates infiltrationm. On.tﬁe
o;her hand, sharp folds and faults generally are barriers or partial
barriers to lateral ground-water £low (Newcomb, 1965, p. 31; 1969,

p. C20-C21). In addition, Mundorff, Reis, and Strand (1952, p. 23-28)
describé the significant effect to the Frenchman Hills (north of the-
region of étudy and parallel to the Saddle Mountains) on separating
the g;ound-water systems of the Quincy Basin to the north and the
Royal Slope and Crab Creek valley to the south. These authors also
point out, but‘on the basis of fewer data, that the Saddle Mountains
similarly separates the flow systems of Crab Creek valley and the
Wahluke Slopé. It wogld appear, therefore, thag.ground-water flow is
inhibited at the ridges bounding the structural basins in the region.
However, until mor; information becomes available on the structural.
character of these ridges, their effects on the hydrologic regime

.cannot‘%é"fully,evaluatédj
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Recizrza and cischarge.~-Recharge to the basaltic rocks occurs by

(1) direc: izZiltraticn, which is probably small and takes placé mainly

from surZzce runmoff into coulees northeast of the Columbia River and

into canyoas oa the anticlinal ridges and Horse Heaven Hills, in which.
permeable zczes are exposed; (3) seepage resulting from irrigation
activities, z=ainly in the area of the Columbia Basin Irrigatién Project and
in the Yakizz River valley. This movement of water into the basaltic .
rocks may cccur either where they are exposed at the surface or where

they are ccvered with unconsolidated deposits. Recharge is enhanced,

of course, iIZ the overlying unconsolidated deposits are saturated
perennialily.

The cztvral rechasze to the basaltic rocks underlying the main
part of the ZznZord Resarvation, south and west of the Columbia River,
mainly occurs iz the upland valleys and ridges to the west. Only
negligible zatural recharge occurs on the Reservation, because of the
small precizization and the character and large thickness of the uncon-
solidated ézpcsits there (Newcomb and others, 1970, p. 63). Consider-
able waste wziar eaters the ground-water body in the unconsolidated
deposits i::_';.;'.g vicinity of the waste-storage areas. This waste water
has -ra_.__j.se& ::.a water table in the unconsolidated deposits considerably
and has mod;:’:aé the direction and rate of movement of water in them.

-.By analogy wits the hydrologic effects produced by irrigation water in
the Columbiz-Zzsia i:rigation Project, it is possible that waste water
_has rechargzé the basaltic ggcks of the Hanford Reservation.
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In the area of the Columbia ﬁasip irfigation Projeét (CBIP), north .
and east of the Columbia River, natural sources of recharge have beeﬁi
comﬁletely overshadowed by recharge from irrigation works. H. H. Tanaka” 
and others, of the U.S. Ggological Survey (oral commuﬁ., 1971), are -
studﬁing.thé ground-water system of the irrigation project area and -
have'estimated'thg recharge caused Sy irrigation activities. Tanakénégpir;;
mates that to the south of Potholes‘Reservoir, which is near Othello,

" roughly 4 acre-feet of water for irriga;ion use is delivered'annuaiij
per irrigated acre, Of thesg 4 ac:éQEgeg, cohéumptive use by crops is
a?out 2 acre-feet, surface-ﬁater runéff about.O.h.écre-foot; evaporation:
abouf 0;6 acre-foot, and ground-watei rechargé, including that from
latergl canals, about 1 acre-foot. In 1969, irrigated land was
457,00015cres and irrigaﬁioh.water supplied at the farms was 1,855,000
acre~feet. If the foregoing estimates are correct, about 450,000 acre-
feet of project irrigation water enters the ground-water system in the
soufhern part of the CBIP area during an average year. Part of this |
water aéfinitely enters the basaltic rocks, as is shown by an increase
in head and a chénge'of water quality in the basalt at places. It is
possiblé that water similarly has entered the basalt underlying the

Hanford Reservation as a result of waste-water disposal,
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bischarge of water from the basaltic rocké occurs by movement of
water into streams and into the unconsolidated de posits lyiﬁg at low .
elevatioﬁs’in tﬁe region and by seepage to the surface, forming springs -
at places on the flanks of ridges. Water is discharged from the
'ﬁnconsolidéted deposits by movement into.stréams, by evapotranspir#tion,-

and by flow from springs occurring along bluffs and in dry streambeds.
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Regional Investigations

About 250 records of wells, which contain reliable data on

ground-water head in the basalt, were used in an analysis to discern
the general ground-water flow patterns. A number of these wells wg?e
selected for sampling of ground water on the basis of location in the
flow system and on construction details that would facilitate collec~-
tion of representative samples. Ultimately, 22 wells were sampled in
the region including and surrounding the Hanford Reservation. All
these Welig were in the depth range of about 500 to 1,500 feet. The
data on ground-water head in wells could be interpreted only from the
standpoint of discerning genefal'flow patterns of the ground water in
the basalt. The anisotropy of the basaltic rocks will cause the vol-
ume rates and velocities of flow to be unevenly distributed. There is
a general lack of knowledge about the stratigraphic position and conti-
nuity of water-bearing'units which would allow such variations in flow
to be appraised. Many wells, esﬁecially irrigation wells, tap two or
more water-bearing units and may be uncased through thick sections of
the basalt. In such wells water may circulate through the uncased
portion from one water-bearing unit to another and disturﬁ the natural
_gréund-water heads, even when the wells are not in use. The groﬁnd-
water ﬁeads measured in such wells are composites resulting from
crosé—fby%ééional £low. The inves;igatidn was not made in detail suf-
ficient tobappraise such features'of éround—water flcﬁ. The data do

show, however, the broad relationships of ground-water head with the
movement of ground water.
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Chemical characteristics of the ground water.--The‘general chemi-

cal character of grouﬁd water sampled during the study is indicated by
means of Stiff diagramé in figure 2. The analytical data are given in
table 1 and records of the wells are; given in table 2. The water from
most wells in the l;asalt has characteristics similar to water from well
ARH-DC-1 (fig. 3) at shallow to moderate depth. There is a tendency for
calcium, magnesium, and sulfate to decrease and for sodium and chloride

to increase with depth in ARH-DC-1.
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Table l.--Chemical analyses of ground-vater samples from wells Jr ising wacer principally from basalt in south-central Washington

Milligrams per iiter
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Table 2.-~-~Records of wells in south-central Washihgton

from which water samples were collected

] A Depth of _ _
-'Altitude Depth continuous
Well of land of unperforated  oratic water level
number surface well casing Depth .
(feet) (feet) (feet) (feet) Date
6/23-11P1 1,020 892 155 - 481 3/18/70
6/23-15J1 1,050 633 128 ©1 6/18/67
8/24-231 650 " 768 525 24 ececeee-
8/24~-2qQ1 645 744 . 493 c—ee | emeceaa-
8/29-22A1 760 802 295 400 1950
8/31-34H1 456 385 130 115 " 10/21/68
9/23-23Gl 798 1,148 248 127 7/7/44
9/26-27K1 1,472 670 450 450 1944
9/30-18H1 . 410 1,033 194 70 6/9/58._
10/22-25F1 746 1,576 1,203 . 80 1945
11/24-14N1 2,860 407 = eee-- 220 1970
11/26-34R1 1,212 1,000 739 802 1958
11/30-11Cl 700 614 40 355 9/17/51
12/23-28Q1 2,200 2 eeeee R
12/24-20N1 1,060 1,200 400 +92 1924
12/28-24N1 430 755 = =eee- 19 e=mcee--
13/24-25E1 924 777 625 +36 11/28/51
13/25-30G1 836 1,110 = e=--- 4172 11/28/51
V13/26-35m1 5712 5,661 964 166, __ 5/8/69
13/28-13N1 953" 1,119 1,029 488 ' 10/28/70
14/25-1D1 660 938 891 183 6/9/58
14/31-36J1 850 _ 1,100 = ~---==- 415 1970
.15/26-28Q1 770 892 860 317 9/1/53
1,096 550 225 1/30/65

~ 15/29-3J1

905

.- 1/ Well ARH-DC-1. Water level given is that for the depth interval of
< 540~620 feet measured during construction of the well,
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The calcium and magnesium content is hlgher in the groﬁnd water
of the Yakima River valley and Somewhat higher on the Wahluke Slope
than in typical ‘ground water from the basalt. The chemical data alsoJ
clearly show that lrrigation water has entered the basalt at Eltopla
'through Esquatzel Coulee which receives irrigation Teturn water. The
sample from well 11/30-11C1 at Eltopia contained 33 mg/1 (milligrams

of nitrate,
per liter), which is probably indicative of contamination by fertilizer,
in addition to being high in other constltuents. The high concentra-~
tions of calcium, magnesium, sulfate, and total sollds in the sample
collected south of Kennewick from well 8/29- =22A1 appear to indicate
contact with an evaporite deposit, It is not known if an evaporite
deposit does occur 1nterbedded with the basaltlc rocks in this area.
‘An alternate explanation for the high dlssolved solids in the ground
water is that chemical constituents are concentrated due to the charac-
ter of the ground-water flow and the geologic features, . This well is
on a structural trend marked by a line of tightly folded anticlines and
a fault in Wallula Gap. The water may have obtained its chemical charac-
ter (1) due to its coming in contact with mineralized rock along this
structure or (2) ground water may be extremely slow moving adjacent to

this structure, which would allow the mineral content of the water to

build up,
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Radioisotope characteristics.--The radioisotopes, carbon=-14 and

tritium, were used to appraise the reliability of samples and to esti-
mate the age of the water where bossible. Results of the analyses are
-shown in table 3. This table is divided into four parts. .Part A shows
the data from wells believed to be representative of the ground water
moving through the basaltic rocks on the main part of the Hanford
Reservation, west and south of the Columbia River. Part B shows data
believed to be representative of ground water in the basaltic rocks,
but oﬁtsidé the area mentioned in part A. Part C gives data for the .
Yakima River valley. Part D gives those results for water.not repre=-
sentative of or not interpretable in terms of the gengral characteris~

tics of the water moving through the system.
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‘Table 3.--Radioactive isotope characteristics and ages of ground water

Total

Well dissolved Tritium Carbon~-14 Adjusted
number carbonate’ T0 + 1o percent Apparent age,,
as 1 modern age, years—/ year
mg nco3‘&—/ +lo :
.Samples representative of water moving through main part of
Part A Hanford Reservation, south and west of Columbia River.
2/12/23-28q1 132 1.740.3  97.2+0.9 200 0
12/24-20N1 171 <0.8 10.2+ .4 18,000 16,000
13/24-25E1 187 <0.9 13.6+ .6 16,000 13,000
13/25-30G1 187 <0.5 6.8+ .3 22,000 19,000
13/26-35H1
~DC-1;
fﬁifwal 219 3/2.2¢0.3 13,41 .4 16,000 12,000
540-620 £t)
11/26-34R1 174 - <1.9 1.7+ .5 33,000 30,000
Part B Samples similar to but outside the area of those in Part A.
6/23-11P1 210 <l.7 3.4+0.3 27,000
6/23-15J1 207 <l.2 3.8+ .3 26,000
8/31-34H1 143 <0.8 1.8+ .5 32,000
9/30-18H1 . 300 -, <1.0 . <0.6 >41,000
12/28-24N1 179 - 4/2.810.6  5.1+0.6 >24 ,000
13/28-13N1 183 <l.l1 <L.3 >35,000
14/31-36J1 - 162 <0.8 6.41+0.4 22,000
15/29-3J1 184 <1.8 3.4+ .3 27,000
Samples from Yakima River valley wells. Relatively high
tritium and low carbon-14 contents suggest mixed waters.
Part C Thus no age calculations can be made,
8/24-231 229 25.%1.5 wememne-
8/24-2Q1 267 49,0+2.7 56.8+0.5
9/23-23G1 250 53.8+2.9 63.2+ .5
10/22-25F1 170 <2.1 18.9+ .4
Samples from wells not indicative of the general character
Part D of water in flow systems. (See text.)
8/29-22A1 192 8.1+0.5 10.4+0.4
9/26-27K1 . 159 <l.5 14.6+ .3
11/24-14/N1 117 0.8+0.3 38.7+ .5
+-11/30-11C1 220 - 100+5 89.6+1.0
- 14/25-1D1 151 <1.2 cmcmecea

';;ij'Seefp.AO.l»
- =2/ A developed spring.

< 3/ Tritium residual from drilling fluid. (See text.) ‘
E‘ﬁ/ Tritium presence shows admixture of recent water, as from casing -leak-
“age. Carbon-I4 is therefore probably also too high, so only lower limit age

.Yeported,
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The tritium content of the water samples has been ygeq to appraise
the reliability of the samples. Those tritium values Preceded by
less-than signs (<) are within two standard deviations of the detection
limits of the analytical apparatus, and mean that No measurapie quantity

of tritium was present. The range in these values arjgeg from normal
- variations in laboratory procedures. The lack of measurabja tritium
means the water was in the ground long enough for itg tritium content
to decay. Those tritium determinations reported in terpg of 2 standard
error of plus or minus one standard deviation indicate the Presence of
measurable tritium. If the tritium cé)ntent‘ exceeds 10 tritium units
the water entered the ground in recent yearg following the testing of
nuc lear weapons which raised the tritium content of the Meteoric
water significantly above the former background level of 4 few tritium
units. In some parts of the Hanford Reservation, shalley, 8found water
contains tritium derived from plutonium manufacture, Thig shallow water
was cased off in well ARH-DC-1, The tritium content of the sample from
a depth of 540-620 feet in well ARH-DC-1 shows that some dri11ing fluid,
which was made up with water from the Columbia River, ig resif‘ual in the
sample. Wells 8/24-2J1, 8/24-2Q1 and 9/23-23G1 are prop,

4bly {nduci ing

some infiitration from the Yakima River or irrigation ditcnu, Well

12/28-24 {1 possibly. has a leaky casing which is allowing 80 near-surface
f

= water to enter the well
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The carbon-14 content of the watér sample is also éiven'in
table 33 Aswith tritium, the less-;han.(<) values aré within two'st;n- .
dard deviations of the analytical detection liﬁits, whereas the remain-
der show me#surable carbon-14, plus or minus one standard déviation.
The total dissolved carbonate values in table 3 represenﬁ the'sum of
all carbonate ;pecies (dissolved CO7, Hcdg, and CO§) in the sample and
were calculateé from pH and alkalinity measurements made at the sampling.
site. Because field data were used in calculations, these values of
total.carbbnate may differ from the laboratory-detérmined values of
HCO3 plus CO§ in table 1. The alkalinity and pH of a bottled water
sample commonly change after collection. The fieid measureménts generally
are more rep:esentative of the ground water.

Carbon-14 ages on normal samples are calculated using the expression

%, = exp (-8033t)

‘ﬁhere A/A° is the ratio of sample carbon-14 activity to the activity of
- a standard of age zero years, t is the sample age, in years, and 8,033
the mean life of carbon-14 based on the conventional half-life of 5,570
years. In table 3, the values of carbon-14 are reported as percentages
of modern values, and apparent ages given weré calculated using the
ié?pression l

A/A° = 4 Modern/100.
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An underlying assumption in the use of the -equation given aboveiié’
that therg has been no net gain or loss of carbon~-14 from the sample
throughouf its history except by radioactive decay. This assumption is
often untrue for ground~watef samples, for the carbonate they contain
is usually a mixture of carbonate present at the time of rechafge énd.
carbonate dissolved from the aquifer. The latter is carbon-~14 free
because of its age, an}f;§CS to lower the net carbon-14 content of the
water and heﬁce gi;e an apparent ége greater than the real age.

. ‘A method giveﬁ by Pearson and'Hanshgw (1970) was abpliedﬁas fol-
lows to account for the dilution of C-14 by carbonate dissolved from
the aquifer. A spring (12/23-28Ql) high in Cold Creek valley is assumed
to represent the carbonate content (128 mg/l) of the principal recharge
to the ground-water system in the main part of the Hanford Reservation.
Carbonate contents in excess of the value found in the spring water are
assumed to be from solution ofvaquifer carbonate containing no carbon-14.
To correct for this dilution of C-14 by the aquifer carbonate, the
measured carbon-14 activity is multiplied by'the.ratio of the sample

carbonate content to the initial recharge carbonate content. That is

Tot:alcarbonat:esample

Activityadjusted = Activity

X
measured © Total carbonaterecharge

The adjusted activity is then substituted for "A" in the exponential

1

Equat;on given prévidualy to calculate an gdquced'age._ Ages .adjusted
by this method were calculated only for those samples from the system in

the main pbrtion of thg Reservation because datayere not available on the
character ,of the recharge water elsewhere in the region.
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: Characteristicslof the Regional Flow System

The general pattern of gfound-watet flow in the region was appraised
from water-level data for wells and test holes in the region, the water=-
chemistry ceconnaissance, the structural features of the rocks described.
by Newcomb (1970) andlpingham and others (1970), and the dééailed data -
on well ARH;DC-I. Figure &4 shows the inferred direction of ground-water
' flow and al;itudes of ground-water levels in the wells that were sampled}
Water-level data from about an additional 200 wells were considered in
preparing this map. There'ié a geﬁéral ccnsiétency of ground-water '
levels, chemical character of the watef, and agé of-the g?ound water

with the flow regime as presented in figure 4.

42



Lot

1

o l———
P )

>
.y .

NI 75
‘l:l‘...‘J

1 5‘.'-‘4_".-1..-'..- <

.P- - ~
CoLuvaia s

!eqf
3 Q 0407

A @ ws"

1§{’Ei"?'l?"fﬂi/ ..
< T)Elcmand 3a0! Y

3 b\\ v —|r 6253‘:01-.‘-;9!1(:0 -
8 / g

o ardem -

o«
X2

[ ’a:;,‘—_,:'_l

WASHINGTON

. PROJECT AREA

Bese from US. G«l Survey map of Washuingron 1 $00 000, 1962°

Geologsc Structure (ram Bingnam and others (19701 and Newcom (1970}

A\,
v

] 10 -

SYMBOLS USED

fi\,r Anvciinal axis) ar rewhad Shows plunge of axis

,-ﬁL, Synchnal sus
3

O o o nae FIUR dathed where acoraumate,

mc'dwhovoenmald.
U, upthy s«.o‘ side.
-
e W'mdemn;n; T
\J\»y Groundmater Sarrior
20 Miles % Thvust faul, saw teeth on upper plate -
— .

o 10 20 Kilometers

[Feca-scase=——————— sunussmmsses |

* Cortows sntervel 570 teee Ostum 3 mesn we loml

/9—-—— Wcl focaton

L ] 360~ wicwam. in toet, of warer surlace
147 ™ Aitrude i test. of Luntom of wiervel sampied

ot [0€t 90uve & Deivrw | ) maen swa lavet

Figured. Inferreddirectonof ground-water flosinthe basaluc rocks of  south. central Washington

43




A comparison of the data on water samﬁles and the informaﬁion on
groﬁnd-wétef flow in the Columbia Baéin Iirigation Project pro#ided by
H. H. Tanaka of the U.S. Geolog1ca1 Survey (written commun., 1971),
indicates that the carbon-14 ages and chem;cal characteristxcs of groundl
water are generally consistent with the flow pattern described by Tanak;.f
A piezometric map prepared by Tanaka shows that ground water moves
'gepgrally southeasterly toward the Columbia River through a 1arge
reé&onal flow system. Superimposed on this large system #:e sﬁallef
systems mainly arising ffom-recharge ﬁrpduced by iffig;tioh activities{
such as the laréq soutﬁwardAtrending ground-water mound aloné N

Esquatzel Coulee, west of Eltopia.



The creation of Lake Wallula doubtiéss has affected the flow sys-
tem by gaising thg‘wgiér-level,elevations in a long reach of the Columbia
River. LWater 1éve1$ in deep wells between Pasco and Eltopia, for.

‘instancé, were.ag or dlgse to the present normal pool lgvel prior.to

filling of the lake. Tﬁe water-level altitudes of about 340 to 345 feet

in figure 4 fdér wells 9/30-18H1 and 11/30-11Cl, respectively, were
measured prior to filling of the lake or extensive irrigation activity.

»

* Presumably, hydraulic gradients presently are adjusting to creation of
QEhg lak; as well as to recharge from irrigation waters. Samp1e§ collected
in this flow fegime spow an increase in'the age of the‘gfound water from

Othello and Connell to the wells near the‘ColmeiaARiver, generally consis-
tent with the ground-water flow pattérn. fhe sample from well 11/30-11Cl
at Eltopia is high in both nitrate and tritium as would be expected where

the basaltic rocks were recharged with irrigation water. Another excep=
tion was found in the water from the well at Ringold (12/28-24N1) which
has a tr;tium content (2.8 + 0.4 TU), possibly indicating leakage of
young water around th; casing, but it nevertheless hés a low C~14 content
(5.1 t_d;ﬁ)_perqeqt of modern. This indicates that a mixture contain- -
ing young water was obtained and that relatively old wéter probably
occurs at depgh at Ringold. 4Carbon-14 contents below thé two standard-
deviation detecciqn‘1imité'ﬁére_found in the samples obtained north of
Pasco (vell 9[30?18&;) and alsd:north of Ringold (well 13/28—13N1) near

thé‘bolﬁmbia‘Riveg.
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On the Hanford Reservatioa mve..s‘t:~ and south of the Columbia River,
the isotope analyses also appea;t to be consistent with hydraullc
gradients. The ground-water ages in thls area were adJusted to a car-
bon con_tent g:.v;.ng spring 12/23-28Ql an adjusted age of zero years.

This spring probably 18 the beét avzila.f:le representation Qf' t'he._ charac-
‘ter of the recharge water in the two\éynclirial valleys of Cold Creek and
Dry Creek. The results froﬁ the closely spaced flowing wells 13/24-25E1
(adjusted age 13,000 years) and 13/7.5 3oc1 (adjusted age 19,000 yearS)
may appear anomalous.’ However, well 13/25- 30G1 tapa deeper water-bearmg
zones having higher heads than does well 13/24-25El and has intercepted
older water. A ground-water barrier which was i’typothesized by Newcomb
and others‘ (1970) 'and which may be reléated to :a sharp decrease in alti-
tude of the bedrock surface east of the wells, causeés an abrupt change in
the ground-water gradient in the basalt between the wells in Cold Creek’
valley and well ARH-DC-l. The average ground-water head is about
1,000 feet in altitude in Cold Creek valley, but the heé.d is only about
- 407 feet in altitude in the upper aquifer penetrated by well 13/26-35H1
(ARH-DC-1). The ground-water heads at well ARH-DC-1 decrease abruptly
at a depth' of about 3,600 feet, The lowest head measured in this well
“has an altitude of 365 feet and occurs in a water-bearing zome of rela-
tiveix‘ high transmissivity at a depth of 4,000 feet (La Sala and Doty,
_197‘1)%;.‘% ' Thié head is nevertheless higher i:han the normal pool elevation
-of Lake Wallula which.is 340 feet above mean sea 1eve1 " About 18 miles

southeastward from well ARH-DC-I a core hole DDH-3 is completed with a
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‘

fiezometer set at a depth of 2,025 feet. The head.measuied in‘;his‘
piezometer is about 386 feet in altitude. At ﬁell ;1/26-34R1,.about

12 miles south of well ARH-DC-I, the head is about 410 feet above sea
level. These water-level data indicate that ground-water flow is south-
eastward through this‘part of the Reservation. The carbon-14 age
determinations are not inconsistent with this conclusion, considering
that the water sample from well ARH-DC-1 was obtained from a shallow
depth compared to those s;mples from other wells. The relative1§ young
age of the ARH-DC-1 sample (12,000 years) probably reflects some vertical

diffusion of young water with ground-water moving from the recharge areas.

47



The decrease in head with depth at well ARH-DC-1 indicates that
there is a downward vertical component of.gtound-water flow'to the |
‘water-bearing zone at 4,000 feet. The altitude of the ground-water head
in thie zone is higher than the normal pool elevation of Lake Wallula,
which 1ndicates that the water can move to the Columbia River in that
_ reach. Howeve;, thgs discharge to the river would heye to occur south
-or southeast of core hole DDH-3. The relatively old water oecurring at
well 11/26-34R1 (fig. 2; table 3) is indicative ;hat flow is southeast-
were and probably parallels‘Rattlesnake Mounfain. |

The wells in the Yakima Valley, and possibly well 9/26-27K1 (fig. 2),
are part of a separate flow system. The chemical character of these>
ground waters 1is different from those occurring elsewhere in the region
and t&e ground-water levels are considerably higher than those occurring
on tﬁe Hanford Reservation.

ﬁells 6/23-11P1 and 6/23-15J1 in the Horse Heavee Hills contain
water having‘chemical characteristics typical of other ﬁoderately old
water from tbe'basalt. The'ground-water.levels in these wells are con-
siderably higher than those in the Yakima Valley yet the water is older.
On the basis of.this inforqetion, it 15 inferred that a.separate'system
in which flow is generally southWard is tapped by these wells. The
recharge .area is probably to the ‘north in the upper part of Glade Creek
3va11ey (T. 7 E., R. 22 N.) where it parallels the crest of the o
‘Hptse Heaven Hills (fig. 4) and lies in a minor syncline which has been

-E
breached by erosion.
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Conclusions‘

The data are indicative of characteii#fics of regional gféund-water“
flow.systems wiﬁh superﬁcsed locﬁl systems that have beén widely recog-
nized by many hydrologists agd were systematically forﬁﬁlated by Tﬁth
(1962; 1963). The authors cannot yet sufficiently describe the chérap- _
tétistiéé of the flow in the region as-to direction and vélocicj,
particularly.at depths below 1,000 feet,for purposes of thia.feasibility‘A
study., However, the following conclusions seeﬁ logical“ |
1, The main part of ehe Hanford Reservation contains a large flow sys-

tem originating in recharge areas in the uplands to the west which

include Cold Creek and Dry Creek valleys. The flow is southeasterly,
gnd discharge is to the Columbia Rivér. The relatively low heads
that occur with depth in well ARH-DC-1 indicate a downward compo-.
nent to ground-water flow at that site, Downward flow there may

be caused by (1) recharge occurring locally in the vicinity of

the waste-storage areas and arising from the discharge of waste

water to the unconsolidated deposits, (2) movement of water -

locally in a direction opposite to the dip of the basal;}c rocks,
because of the strong anisotropy of the rocklgection; and (3) the

.existence of a higher order flow system at a depth below 3;600 feet

haviné{different flow chéracteristics. The water occurring below

¥

2 depﬁh of 3,600 feet at well ARH-DC-1, if'circulacing in the same
, - )

—directioa as- the shallower ground water, must - discharge ultimately

A

to the.golumbia River southeast of the Reservation but north of
the Horse Heaven Hills.
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2.

3.

4.

3.

A iegional flow system northeast of the Coluﬁbia River discha;ges
to the river, This regional flow sydtém extends much ohtside the
area of stq&f to fﬁe northeast. Suyeriﬁ?osed on it are lacal.
shallower flow systeﬁs havinglthe éround~waten moveﬁent directed
_toward a few sﬁall'drainagg basins or difected.away from areas of -
;i:rigaiion recﬁérge. | - |

The.Yakima River valley, bounded north and ﬁouth'by topographic
highs; contains a locai ground-water flow system wiéh higher water
levels‘than the system at the Reservation.

The southern flankAof.the Horse Heaven Hills include paréiof a sepa-
rate ground-water system in which flow is southward.

Ground water circulating through the flow systems that have been
identified does not cross the major topographic divides formed by
anticlines, This may be caused partly by the closures on the

structures and, at places, by associated faults. -
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Recommendations for Further Studies -

The hydrologic' factors lcvolved ih'detcrminlng thc fecslbllity cf
.deep~cavern storage:of ﬁastec cannot be ecaluatcd cdeqdately wich-tﬁe i
data thus far-octalncd. More information is needed on the direction’ of
movement and time of travel of ground water to discharge areas. Future
studies should include test drilling on the main part of the Resefcatloc'~
to ascertain in detail the character of the flow system. It is proposed
that two deep test wells be drilled near the western and 8outhern bound-A
" aries. of the waste-storage areas. These wells should be tested to |
deterqine heads, transmissivities, and water chemistry cﬁldiscrete zones.
'Thece wells, aloﬁg with well ARH-DC-1, should alloc'a determination of
the hydraulic gfadicnts; stratlgraphy,»énd grocnd-wcter movement in the
icmediate area. A second triangle of three wells ﬁp?e widely spaced
should then be drilled farther southeéstcon the Reservation, with the
most southgtly well located near core hole DDH-3 so as to take advantage
of daca from that hole and to cetermine the flow patterns and hydrologic
characteristics of the system as far south on the Reservation as possible.
Also, more water samples from existing wells should be taken south of
the Reservation and near the Columbia River to determine if the chemical
chafacterictics of the‘water.can be used to identify the discharge crea‘
of the system. More sampleslshould also be obtained from springs in

upfcnd areas so that better appraisals can be made of the carbon-14 age

- vl R "‘-"\ -

c-

cﬁ ggeund water and the chemical changes occurring in the water as it

C..¢ -

£lows.through the system.

*f;_; O A
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