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- ABSTRACT

Y

This paper discusses the regional geology and
“hydrology of the Hanford Reservation with emphasts’
on the characteristics of the Lower Ringold Forma-
tion and the Columbia River Basalts and interbeds.
These formationé constitute thé;uppe?moéfbeonfined
onw systems underlying the Hanfbrd Reservation.
Work shown in this pqpér Zeads.ié the conclusion
that these aquifers are rather extensive and that .
~they are interconnected especiaZZy along the
Untanum-Gable Anticline. Recharge into the con-
fined aquifers appears to occur at the friﬁgeé of '
the Pasco Basin. The eastern portion of the
Haﬁford Reservation appears to be a discharge

area for these aquifers. Areas of monoclinal
downfolding such as Cold Creek Valley appear to
act as flow barriers, thus helping to butld up

the pressure in the uppermost confined aquifers.
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HYDROGEOLOGY OF THE UPPERMOST CONFINED AQUIFERS‘
UNDERLYING THE HANFORD RESERVATION

[

INTRODUCTION

PURPOSE AND SCOPE

This paper discusses the regional geology and hydrology’
of the uppeimost confined flow system underlying the Hanford
Reservation. 'This.flow system is comﬁosed of several
aqﬁifers, primafily interbeds of the Columbia River Basalts.

The interconnection of the uppermost confined flow
system and the overlying unconfined aquifer is also examined

in detall.

The purpose of this paper is to describe the settlng of
the uppermost confined aqulfers, and their interconnection
. to the overlying unconflned flow system. Such work is
needed in order to assess the extent of potential cross-flow
between the uppermost copfiﬁed aduifers_and the unconfined

aquifer underlying. the Hanford Reservation.

PREVIOUS. WORK

Newcomb[ll’and Newcomb et al.l2] have studied the
tectonics and regional geology of the Columbia‘ River Flood
Basalts. "'They have also conducted a preliminary assessment
-of the éextent of recharge into the uppermost confined

aquifers.:

R E. Brown[ ] has studied the Columbla Rlver Basalts

and assessed the rates of their deformatlon in the Pasco

. Ba31n.

Fenix & Scisson, Inc., prepared drill-hole information
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on core wells and test holes penetrating the uppermost

confined aquifers. [*~7]

LaSala et at. [®] have stﬁdied the deeper confined

aquifers underlying the Hanford ‘Réservation.

pDejul®l and Summers and Dejul!®] interpreted the
results of pumping tests into the uppermost confined aqui-
fers and discussed the geohydrology of the overlying uncon-

fined aquifer.

The u. s. Energy Research and Development Admlnlstra—
tlon[lll has summarized some of the hydrologlc data on the
uppermost confined aquifers as part of the Env1ronmental

Statement of Hanford Waste Management Operations.

All the above reports, published data, and new data
gathered by the authors have been used in preparlng this
report.- :

REGIONAL GEOLOGY

!The Hanford Reservation (Figure 1) is located in South-
central Washington in ‘the Pasco Basin .which is a physib;"‘
graphic and structural subdivision of the’Columbia River
geologic province. The Reservation is bounded by the
Columbia River to the north and east;'the Yakima River and
the City of Richland to the south{ and the Cold Creek
Valley, Umtanum Ridge,  Yakima Ridge, and the Rattlesnake
Hills to the west. The Reservation is underlaln by Miocene
and Pllocene basalts of the Columbia R1ver group, Pliocene.
and Pleistocene semiconsolidated-to- consolldated sands,
51lts, and gravels (Rlngold Formatlon), and Quaternary
glaciofluviatile and eolian sediments. The stratigraphy of

the Pasco Basin in the vicinity of the Hanford Reservation
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is summarized in Table I.

The basalts of the Columbia River group extend eastward;
from the Cascade Range to the Rocky Mountalns and from’ the
Okanogan Highlands into the mountalns of central Oregon. o
The thickness of these basalts in the Pasco Basin exceeds
1,500 meters in most places and may exceed 3,000 meters inAA}
many areas. The uppermost 1nd1v1dual basalt flows are o
usually separated by permeable interbeds or interflow sedl—‘_4
ments deposited in lacustrine or fluviatile environs between
successive lava outpourings. The flowe~proper probably
originated from multiple'fissures to the south-and east of
the Pasco Basin.[lz] Dikes feeding the most recent flows ‘
have been found in the Ice Harbor-Eltopia area.['3] The ..
effect of the dikes on the reglonal groundwater flow ‘system

has not been fully evaluated.

Individual basalt members have dlfferlng and character-
istic petrological compositions. However, individual
members may contain flow units that cannot readily be dif-
ferentiated except by stratigraphic position. Many basalt
flow tops are marked by a pronounced vesicular or scori-
aceous zone. This zone is generally less than 10 meters
thick and may be highiy permeable. Individual flows vary in
thickness but may range to 50 meters. Flow bottoms are
seldom vesicular or scoriaceous and usually have a chill
zone only a few centimeters thick. All basalt flows have
individuel joint systems formed during solidification and
shrinkage of the lava mass. Certain flows have a more or
less diagnostic pattern of joints; however,‘jointing systems
do not form a reliable correlation technique because of
exceptions within a flow. Most joint and fracture planes
are mineralized in core wells with nontronite or other clay:

mineral alteration products.
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The structural and stratigraphic relationship of the
uppermost -basalt flows beneath the Hanford_Reservatidn is
extremely complex. This is probably a result of warping and
basining and is especially visible aldhg the Umtanum-Gable
Anticline (Figure 2). -Sohe of the early anticlinal struc-
tures such as Umtanum Ridge probably acted as barriers to
the most recent basalt flows and thus these flows occur in
an off-lap relationship. Such structural traps produced
' restricted interbeds of clastic sediments which,Were later

confined by overflowing flood basalts.

Warping and basining of the regioh has occurred during
.and after extrusion'ofiindividual flows forming southeast-
to-east trending anticlinal ridges and synélinal sub-basins. -
The principal anticline runs from Uhﬁénum Ridge through both
Gable Butte and Gable Mountain and separatesithe Cold Creek
and the Pasco Synclines (Figure ZY. The présenée of these
synclinal sub-basins has been confirmed by a recent regional
gravity survey.[l“] Interbeds of mostly sub&dueods sands, '
tuffs, and local gravels'are associated with both the Pasco
and Cold Creek Synclinal éub—basihé. Few interbeds can be

traced for large distances.

Faults are largely restricted to the anticiinal ridges.
Cross—-faults mapped on Gable Mountain aﬂd Gable Butte have
not been confirmed by extensive trenchipg.[ls] Faulting in
this area was shown to be minor and appears to have been |

associated with anticlinal flexures.

The Columbia River‘Basalts are overlain by the Ringold
Formation (Table I). Newcomb et a1.[2] have noted that
“deposition of the Ringold Formation started when the
Columbia River was' impounded in Middle'Pleistocene~time by
the first uplift of the Horse Heaven Hills (Figure 1). A
study by the authors of the strétigraphic relationships of
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the uppermost-basalt flows exposed at Wallula Gap shows some
evidence of uplift of this barrier prior to Pleistecene
time. Thus, it appeafs likely that the Ringold Formation
.could be older than Plelstocene.

The Ringold Formatlon is as ‘much as 400 meters thick in
. Places and is characterized by well-bedded lacustrine silts
and sands and local beds of clay and gravel It is well
sorted and shows some cementing. A slight warping-type of
deformation characterizes the conglomerate and subconglomer-
"ate portions of the Ringold Formetion in the basinal area
beneath the Hanford Reservation. This uplift was followed

' by periods of active erosion and deposition of Pleistocene
glaciofluviatile and fluv1atlle dep081ts laid by the ances-

tral Columbia River as 1t swelled with meltwater.

The uppermost confined aquifers underlying the Hanfdrd.
Reservation are the sands and gravels of the Lower Ringold
Formetion and the'Rattlesnake Ridge, Selah, Hanfgrd, and
Mabton Interbeds. The primary source of geo1ogic informa-

tion on these aquifers is well data.

Figure 3 shows the wells within the Hanford Reservation
and immediately adjacent to it that have been used in pre-
paring this paper. Physical data from each:well are con-
tained in Tables II through IV. These wells include ‘

‘monitoring structures and core wells.[“‘7]

Figures 4, 5, and 6 show three cross sectlons across
portlons of the Hanford Reservation (see Figure 3 for cross
section locations), and illustrate the stratigraphic rela-

tionship of the various units.

Figure 4 shows a northwest-southeast trending cross
section through the gap between Gable Butte and Gable
Mountain. This figure clearly shows the Umtanum-Gable

~
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TABLE IT

WELLS WITHIN THE HANFORD RESERVATION' SUITABLE FOR HEAD MEASUREMENTS
- AND CHEMICAL SAMPLING (REFER TO FIGURE 3 FOR WELL LOCATIONS)

Well Number

Open Interval
Mcters Below

.Ground_Surface

Open Interval
Meters Above (+) or Below (-) {Above MSL in Meters)

Unconfined Water

confined Aquifer Head

December 1975

(Above MSL in Meters)

Well Open to

©199-B3-2-(Q)

. 699-811-E12P

699-2-E19
699-14-E6R
699-19-E12 (P)
699-24-1P
699-84-35(P)

199-B3-2(P)
199-H4-2
699-14-C6Q
699-63-92
699-63-95

699-66-91 -

193-196
66~ 86
84- 88

115-118
99-107

136-139
99-107

231~-237
111-118
134-138
45~ 57
23- 62

30- 58

Mean Sea Level (MSL)

)
(+)
(+)
(+)

(+)°

S(+)
(+)

(=)

(+)

(+)
(+)
(+)

(+)

58- 61
47- 26
33- 29
25~ 22
34- 26

9- 6
23- 15
96-102
16- 9

6- 2

107~ 95

125~ 86

113- 85

122
106
107
112
109
114
114

122
‘114
112
122
122

. 122

~December 1975

- 122
106
107
112

. 109 .

. 114
114

123
127
118
122
125

122

Lower Ringold
Lower Ringold
Lower Ringold
Lower Ringold
Lower Ringold
Lower Ringold
Lower Ringold

Rattlesnake
Rattlesnake
Rattlesnake
Rattlesnake
Rattlesnake

Rattlesnake

Ridge
Ridge
Ridge
Ridge

Ridge.
(or Selah)- o
Ridge

0T

£6C-¥YS-HY¥Y



WITHIN

THE HANFORD RESERVATION

,
I

Open Interval

TABLE III

CORE WELLS SUITABLE FOR HEAD MEASUREMENTS AND CHEMICAL §AMPLING
(REFER TO FIGURE 3 FOR WELL LOCATIONS)

Open Interval

Unconfined Water Level '

Confined Aquifer Head

. . Tube Meters Below Meters Below . {Above MSL -in Meters) (Above MSL in Meters)
Well Number Number Ground Surface Mean Sea Level (MSL) December 1974 December 1975 Well Open To
DB-1 287- 302 168- 183 107 119 Mabton,
DB-2 Lo 1258~ 282 133- 157 109 118 Mabton”
DBr4 . 390- 428 227- 265 122 127 Mabton
DB-5 248~ 275 78- 105 124 124 Mabton
DB-7 182- 248 20- 86 122 124 Mabton
DDH=-3 v 602- 626 480- 504 - - ‘119 Middle ‘Yakima
.DH-4 ’ 1375-1437 1094-1156 - - Blocked Lower .Yakima-
DH-5 1480-1526 1199-1245 - 167 Lower Yakima
ARH-DC-1 1 1452-1479 1277-1304 124 127 Lower Yakima
2 1199-1236 1024-1061 124 127 Lower Yakima
"3 969~ 989 794- 814 © 124 . 127 Lower Yakima
4 888- 911 713- 736 124 O 125 - Lower Yakima.
5 372- 642 124 - iMiddle Yakima

197- 467

- 125

1T
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MONITORING WELLS OUTSIDE THE HANFORD RESERVATION SUITABLE

TABLE IV

FOR
HEAD MEASUREMENTS AND CHEMICAL SAMPLING
(Refer to Figure 3 .for Well Locations)
v Open' Interval Confined Aquifer Head
Well Number Meters Below Ground Surface Above MSL in Meters Well, Open To.

11/29-16A1 (Sunset) 114-293 - —* Upper Yakima
11/29-20N1 (White Bluffs) 187-285 ~* - Upper Yakima
12/29-30J1 (Webber) . : 167-285 % Upper Yakima
12/29-32R1 (Ringold) 165-284 - Upper Yakima
14/24-21B1 (Army 93-93) 80-157 123 -
14/25-31M1 (Army 79-104) 131-207 Lower Ringold

- 120

*Wells have puﬁps that do not allow head,ﬁeasurements.

[
N

- £5T-VS-HIV



2
w ‘F

- 1000 .

300 lm s _
UMTANUM-GABLE MT-ANTICLINE
- COLD CREEK SYNCLWE
PASCO SYNCLINE ) )
- 800 AXE .
LGLACIOFLUVIATILE SEDMIENTS
P\ — = .
AN

D8-4

meEnts o 9-£2

- ' 081
o o WATERTABLE  ° -
~ \\\_ '. - > -
5 ——— —\r__m

—_—

| MMGOLO FORMATION

MEAN SEA LEVEL ELEVATION

|'\

/1
POMONA

Ill
G r
L . 01 2 34 8 : S o /
B Daliaad ] KILOMETERS : :

2002 e vIses11.3

' FIGURE 4
CROSS-SECTION A-A'

B R e ] e e we s

€T

£GZ-¥YS-HYY



MEAN SEA LEVEL ELEVATION

J METERS

g

100

-100

1t-400 .

fo

-200 -

- 400

F 20

F-200

.

UMTANUM-GABLE

.f. ANTICLINE -

GABLE MOUNTAIN

y .COLD CREEK SYNCLINE
- . ) o) 37-43 >
PASCO SYNCLINE "/‘\\ GABLE M7 1
coLumBiA .‘\\‘) POND - YAKIMA
RIVER o '? € DDH-1 28-4C 54 39 - RIVER
18 A a2 -
N REACTOR I ,»:1 g ) . g - < I
A i\ R . - e . s .o .
WELL T ss-so _ GLACIOFLUVIATILE SEDIMENTS S,
w WATER TABLE. - f,“w'/,J » | DR “ | - - ]5 tf WATERTABLE , - \
& = e .~ /,,/,g&!"% N T I
—_—1 = /4,: N ﬁ\‘,\é 9
(X 7] (R
;,'Nll':':'!'ll_ ’N‘\/ %mor
RINGOLD FORMATION /e 3 bﬂ Nt g ! =<
= = 53 w3\e
B SCHAER
- S A
I 720,'S v bl 2%

- AV.A'

w
ANGY

N

=
S

o,
Lig

Ry

AA p—3
Tt SMare pcE O

ij
I, I/\|\\\\T

\ \ ﬁ \ .
SEtay (LOWER #““\“ x/

. \,‘
£ QAPLE_‘.T.»?%’.—,»//

KILOMETERS

¥1§03-13.2

FIGURE 5
CROSS-SECTION B-B'

AN

£5¢-¥S-HaY



.ELEVATION ABOVE MSL -

200

- METERS

100 |-

- FEET

250 -

4507

650

OmO

1 : 2
1 2 -3
KILOMETERS
'FIGURE 6

CROSS-SECTION C-C'

V7603-13.4

450

250 . .

- 650 -

FEET

£G¢-¥YS-HIVY



16 : 4 ARH-SA-253

Anticline and the flanking Pasco and ColdACreek Synclines.
The flows are reasonably parallel and continuousvand have
been strongly affected by lateral compreSSion. Flgure 5
shows a north-south cross sectlon from N Reactor through
Gable Mountain to Horn Raplds (Yakima River)-— ThlS cross
section shows - the- possibility of hydraulic interconnectlon
in the area between Gable Mountaln and Gable Butte. Glaoial
flood waters have breached and removed part of the steeply
dipping anticlinal structure to theztop;of the Umatilla
basalt flow. o .i ' '

Newcomb et al. [2] con51der the Horn Raplds area of the -
Yakima River .a- recharge area for the uppermost confined
aquifers. The. Yakima Rlver cuts a small anticline
breachlng the Elephant Mountain Flow and p0551bly the
~ Pomona Flow. Head measurements taken durlng drllllng of
Well DB-7 (Flgure 5) appear to confirm equlllbrlum ‘between
.the uppermost conflned aqulfers (down - to ‘the Mabton), the

~unconfined aqulfer and the Yakima River.

Flgure 6 shows a west east trendlng cross sectlon from
Umtanum Ridge to Gable Butte. It clearlyAreveals the pinch-
ing out or erosional removal of several basalt flows and
interbeds. In this area it appears that this plnchlng out
-and the tilting of- the flows may cause,one of ‘the interbeds
~to be hydraullcally interconnected with the overlylng

unconsolidated sedlment (unconfined aqulfer)
'REGIONAL HYDROLOGY

Ground water beneath the Hanford Reservation occurs in
"either an unconfined,flow'system'consistinguof~glaciofluvia-
tile or Ringold sediment or in one of .several deeper con-

fined aquifers. The regional hydrology of the unconfined
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system has been extensively discussed in previous
papers.[9‘1°] The unconfined aquifer is artificially
recharged with'liquid~Waste disposed at five ponds within
the Hanford Reservatlon "

Plezometer data (Figure 7) have been ‘used to demonstrate

" the nature of the art1f1c1al flow" systems formed

as a result of waste’ dlsposal operatlons Equlpotentlal
lines and flow system divides are shown in Flgure 7.. The
direction of flow in each system is perpendlcular to the
”equlpotentlal llnes. The artificial flow systems appear to
- overlie and interact with the unconflned (1ntermed1ate) flow
Asystem which, in turn, 1nteracts with the uppermost confined

aquifers (reglonal system)

. As noted in the preceding section, the uppermost'conF
fined aqulfers underlylng the Hanford Reservation are the
sands and gravels of the Lower Rlngold Formation and the
Rattlesnake Ridge, Selah, Hanford, and‘Mabton,Interbeds.
Some pumping tests have been'conduCted to determine the
hydraullc characteristics of the Lower Ringold Formation ‘and
Rattlesnake Ridge Interbeds[1°] These tests were conducted
mostly 1n_l.5-1nch;(3.75-cm) piezometer tubes within 8—inch-
(20-cm) casings.. All these tests were of short duration and’
at low production rates.' Both productlon and recovery data
were recorded~ Transm1551v1ty and hydraullc conduct1v1ty

values obtalned from these tests are glven in Table V.

No pumplng tests have ‘been conducted in the Selah and
Hanford aquifers. " Information on the hydraullc.conduct;V1ty
and transmissivity of the Mabton Interbed and deeper aqui-

fers is available only from tests on ARH-DC-1, [8]

-
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TABLE V.

4HYDRAULIC PROPERTIES 0F THE
UPPERMOST CONFINED AQUIFERS

Hydraullc.

: Transmissivity Conduct1v1ty
" Well Number- .- ft*/day m?%/day - . ft/day ‘m/day
- ) -
LOWER RINGOLD
699-84-35p . - T4 0.4 . 0.11 .0.03
699-24-1P 90 , .. 8.3 . 5 1.5
699-S11-E12 40 C 3.7 0.5 0.15
699-20-E12P . : 350 - 32 .7 2.1
..Mean . . 120+ . 11 .3 0.91
Range ' 4-350 0.4-32 0. 11 7 0.03-2.1
RATTLESNAKE RIDGE
199-B3-2P L 3.5 o 0.3 0.25. . 0.08
199-H4-2 .3 _ 0.3 0.3 . - 0.09
699-14-E60 600 . ‘55 30 - 9.1
Mean 200 18 10 - 3.0
Range 3-600 0.3-55  0.25-30: 0.08-9.1
'MABTON, . .
MIDDLE YAKIMA,
LOWER YAKIMA )
ARH-DC-1  Rarge 0.01-18" 0.006-10 ' 0.002-3.0

'Q.1—260

‘All hydraulic conductivity«measurements given in
Table V refer to the horizontal hydraulic conductivity of
the interbeds. -The vertical hydraulic conductivity .of the..
interbeds is at least an order of magnitude smaller than the
horlzontal hydraullc conduct1v1ty component. In the flows
the maln component of hydraullc conduct1v1ty 1s vertlcal and
the, horlzontal hydraullc conduct1v1ty component is negllgl—_
ble.A

hydraullc conduct1v1ty of each 1nterbed 1s,prrmarrly.hor1f

Over most areas of the Hanford Reservatlon the overall

zontal and is much greater than that of its overlying.and
-underlying flows, thus cau31ng water to move laterally in

the 1nterbed for long dlstances. Where thlS movement is
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restricted by flexu;eé or faulﬁs'gfound water will exist
under considerablelconfining pressure. .Such a condition
exists on the eastern side of the Cold Creek Valley where
several artesian wells exist. It appears that a tight
monoclinal‘downfold in this area is reéponsible fop this .

condition.

All of the uppermost confined aquifers down to the
Mabton equivaient‘appear to recharge from ridges and pla-
teaus fringing the Pasco Basin and discharge into the ‘
Columbia River or south of the Hanford Reservation near
Wallula Gap. It appears propbable. that the Horse Heaven
Hills, an anticlinal ridge at the southern boundary of the
Pasco Basin, causes ground water from the uppermost confined
aquifers north of these hills to enter the Columbia River
. north of wWallula Gap.

Figure 8 shows the piezometric heads of the Lower
Ringold, Rattlesnake Ridge, and Mabton as meaSﬁred in wells
" throughout the Hanford Reservation. Althouéh the data for
the Lower Ringold are.limited to wells ve;y:near the
Columbia River, it appears that along ﬁhe banks of the
River the Lower Ringold aquifer is connected to the over-
lying unconfined aquifer.- The Columbia River"probably‘
repfeSentS'base level dr%inage for the Lower Ringold aqui-
fer. '

In all wells examined, the pieéémetric‘levels in the
uppermést confined aquifers are higher than or equal to the
water leﬁel in the unconfined aquifer. It is pOSSible that
this situation could be reversed ih.the 200 West Area due to
the higher head in.the'unconfinedlaquifer resulting from
liquid waste discharges. : : ' '

An Ice Harbér Flow (Table i)”océurs in the extreme
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southeast section of the Hanford Reservation associated with
an interbed of lapilli tuff and tuffaceous sandstone. The
300 Area (Figure 1) is probably the northwest limit of the
flow and interbed. Hydraulic interconnection between this
interbed and the Lower Ringold may exist but has not(beeﬁ

confirmed.

The Elephant Mountain Member of the upper basalts forms
an extensive confining unit in the Pasco Baéin. The unit
may be continucusly traced from the Sentinel Gap area
through the two Wahluke slope core wells (DH-4 and DH-5), the
cére wells near N Reactor, théyDB core wells, ahd across
Rattlesnake Ridge to near Yakima where it oﬁtcrops at the
" type locality. ' ‘

The Elephant Mountain Member is associated with an
interbed of tuffaceous or pozzolanic sandstone. :This inter-
bed is prdbably\more continuous than all the others and is
termed Rattlesnake Ridge from Yakima eastward to Gable
Mountain and Upper Beverly at Sentinel Gap. In the area
between Gable Butte and Umtanum Ridge.the Rattlesnake Ridge
is in equilibrium‘with‘the Lower Ringold; Data from
Well 699-63-95 show the presence of a small confining lens
of Rattlesnake Ridge (or possibly the Selah Interbed) in
this area. This lens has a much higher head than the
Rattlesnake Ridge and Lower Ringold systems; however its
water content is Very;limited. A production test from this
lens yielded very little water. At Well DB-7 by the horn of
the Yakima River the Rattlesnake Ridge is in equilibrium
with the overlying aquifers. The RattleSnake Ridge aquifer
does not appear to be very productive,‘ Short production |
- tests with minimal yields were conduéﬁed in the DB Wells

during drilling.

The Pomona Basalt Flow lies below the Elephant Mountain

-
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Flow and the Rattlesnake Ridge Interbed. It overlies the
Selah (Lower Beverly) Interbed. 1The Selah is only locally
_important-as a domestic water source. It .appears to .

recharge from fracture systems in the surroundlng basalts.

Below the Pomona are two members of rather limited . :
extent——the Gable Mountaln and Hunt21nger. ‘These flows were -
probably limited to valleys of the central basin.and are
found with'interbeds of tuff and/or tuffaceous sandstone.
Below the Gable Mountain member a relatively thick 30-meter
1nterbed of sandstone, ¢lay, and ‘conglomerate ‘exists. in the
syncllnal trough penetrated by Well DB-4. This zone caved
in and did not yield water under testing procedures. Tests

were. abandoned to prevent loss of the hole.

The Umatllla Member lies below the Hunt21nger The
most extensive conflned 1nterbed, the Mabton, lies below the
Umatilla Mamber. ThlS interbed is more than 30 meters thick
/in some portlons of the Pasco BaSLn., Statlc water levels ln'
Wells DB- 1 and DB- 2 penetratlng the Mabton Interbed are much
higher than the water levels in the unconflned aqulfer at
these locatlons. The Mabton is in equilibrium with the’

Yaklma Rlver at Horn Raplds.

3 Although plezometrlc data are lacklng, one can safely

conclude that the eastern portlon of the Hanford Reservatlon
‘1s a discharge area for the uppermost confined aquiferss In
areas of breachlng of the basalt flows or in areas of severe
tilting the uppermost confined aqulfers will be ih hydraulic
equlllbrlum with the overlying unconfined aquifer. Areas of
monoclinal downfolding can act as barriers and increase the
confining'pressure. The uppermost confined aquifers appear -
to be interconnected along the anticlinal axis or in areas
of severe erosion. The head. of all the aquifers appears to
increase with depth.




24 | ARH-SA-253

- "CONCLUSIONS

The uppermost confined flow systems underlyihg‘the
Hanford Reservafion consist_of Pliocene sands of_the Lower
Ringold Formation and Miocene interbeds between indipidual
members of the Columbia River Basalts. These interbeds
appear to have been deposited 1n lacustrine or fluv1at11e
environs between succe551ve lava outpourlngs. ' The basalts
" have been subjected to extensive warplng and deformatlon
which is espec1ally v151ble ~along . the Umtanum—Gable Anti-
cline. 1In the vicinity of this antlcllne where the flows’

- are severely tllted and where the ancestral Columbla River
has deeply eroded the flows, the 1nterbeds are covered with
'just a thln veneer of glac1ofluv1at11e sedlment ‘and are thus
locally unconflned. Areas of breaching occur between
Umtanum Rldge and Gable Butte and between Gable Butte and
.Gable Mountaln.. West Lake (Figure 3) near Gable Mountain
Pond is probably fed from severely tilted basalt interbeds.
Breachlng also occurs at the horn of: the Yakima River
(quure 5). ‘

Recharge into the confined aquifers appears to occur at
the frlnges of the Pasco Basin. The eastern portlon of the
‘Hanford Reservation appears to be a dlscharge area for these

aqulfers.

‘Areas of monocllnal downfoldlng such as the Cold Creek
Valley appear to act as‘flow barriers, thus helplng to build

up the pressure in the uppermost confined aquifers. .
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