3 it e
o 2 — .
i /!
. »-

-~

*‘ —

7l

TEI-80T

N e

INTZRBASIN MOVEMENT OF GROUND

S WATER AT TEE NEVADA TEST SITE
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Neither the United States GCovernment nor any agency thereof, nor any of their employees,
makes any warrant), express or implied, or assumes any legal liability or responsibility for
the accuracy, completeness, or usefulness of any information, apparatus, product, or

process disclosed in this report, or represents that its use would no dinfringe privately
owned rights. Reference therein to any specific commercial pruduct, process, or szivice by
trade name. trademark, manufacturer, or otherwise, does not necesszvilv rnncijtute or

irply its endorsement, recommendation, or favoring by the United States Government or

any agency thereof. The views and opinions of authors expressed herein do not necessarily
state or reflect those of the United States Government or any agency therecf.
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the risk that may arise if 'ground water should be contaminated as a result

INTERBASIN MOVEMENT OF GROUND WATER AT THE NEVADA TEST SITE

By

Isaac J. Winograd

Hunt and Robinson (1"60) have suggested that ground water may be
moving through ridges of Paleozo;c carbonate rocks that separate Death
Valley from the flanking intermontare basins. Their argument is based
upon chemical analyses of spring water, |

The present paper presents hydraulig: evidence for the interbasin
circulation of ground water through carbonate rocks of Paleozoic age at the

Nevada Test Site. An integral part of this evidence is the discovery that

-~

aquifers in alluvium and tuff, formerly thought to be the principal aquifers "f“ ‘

at the Test Site, are semiperched above a thick tuffaceous aquiclude that

separates them from the carbonate rocks.
This paper is based on one of the studies being made by the Geological

Survey for the Atomic Energy Commission. These studies seek to evaluate

of underground nuclear detonations at the Test Site.

The Nevada Test Site is in the Busin and Range Province in south-central ‘Q. i

Nevada just north of the California State line,. and norhheast of Death Valley‘ \" ‘
and the Amargosa Desert (fige 1). The Test. Site :anlunea three large inter- I
montane baains—mcca Flat, Frenchman Flat, and Jackasa Flata (Iig. 2)., _ %
Yuscca and Frenchman Flats are closed top)graphically, uherea& Jackasa Flata '&i¢3
is drained acnthvestwa.rd into ,he Amargoa‘ Desert. The valley noora &re at-
altitudes ranging Irom 3,000 to 4,000 feets The intervening msas, rldges, ‘. ]

ard low mountains riae to a maximun altitude of sbout 7,500 i’eet. The area’ :

.-"(-.-

> '_-'

b I B
drained into Yucca and Frenchman Flata and the aouthem half ot the Jackasa ,;";7

-’ 3o a?l'L “'d
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Filgure 3.--Configuration of potent{ometric
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besin tLotals about 1,0C0 8q:are mles,

The Test Site is in one of the most arid regions of Hevada, itself one
of the most arid states in the Union. Precipitation on the mesas and ridges
probably does not exceed 10 inches, wherezs that on the basins ranges from
3 to 6 inches,

The oldest exposed strata are miogeosynclinal sediments of the
Cordilleran geosyncline that range in age from Early Cambrian to Permian
and aggregate more than 22,000 feet in thickness (Burchfiel, 1960, written
communication; Johnson and Hibbard, 1957, p. 335-336, 259-380). Carbonate
rocks make up about 17,000 feel of the Paleozoic scction and clastic rocks
make up the rest., . A

The Paleozoic strata have been intensely deformed by thrust and high- g
angle faults, believed to be chiefly Laramide in age. Three sets of normal
faults break the rocks of the southwestern part of the Site, as does a major

transcurrent fault having a reported movement of about 25 miles (Burchfiel,
1960, written communication).

The Paleozoic strata are overlain unconformably by Tertiary tuffs
consisting of Jelded and semi-welded ashflovs and bedded ashfﬁls, which
over most of the Site are less than 5,000 feet’ thicke As mch as 1,500 feet
of the lower part of the tuf’s has been intensely zeolitized or altered to

clay, o f‘ ’ vl ol . g
_ Block fanlting 4n the lgte Miocens to 1ata mpcem' dz;phced the. {--:
) ; § - Q~ J.' “ "_ . . _J" '

Pa.leozoié strata and the Tertiary tni'fs 'by as nmch as 2,000 Ieet vartically,

creating trongh-like depmssiom. Tha detritus (valley ﬁll) that vashed :Lnto

these fault troughs from the bordering h:lghlands is at ],eaat'l,900 feet thick
in the middle of l'ucca Ylat The valley ﬁ.ll alzo is cnt by high—angle faults.
.3 u
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When this study was started in 1960, only eight wells had been drilled

to the regional water table beneath the three basins of major interest.- Five

) of these eight wells tapped water in tuffaceous aquifers and three tapped
: “ ;ater in the valley fill. The water table was at.deptha of 700 to 1,760 feet.
k,, The altitudes of the static water levels in these wells differed by orﬂy;
- 1 e 50 feet, ranging from about 2,390 to 2,LL0 feet above sea level.' The simi-

larity in altitudes suggested that the three basins probably afre ‘connected
hydraulically. This hypothesis was supported to some degree by the rather
A wide range ’in altitudes of the piezometric mf$c03 beneath adjacent enclored
: basins. The water-level altitudes in three intermontane basins (Gold Flat,
‘ Kegwich Velley and Emigrant; Valley, to ths northwest, north, and northeast of ":; )
Yucca Flat ranged from 1,100 to 2,500 feet higher than those within the Test ’f‘-:

-~ Site. Even southeast of Frenchman Flat, in the southern half of Indian

Spring Valley, the static water level is 800 to 900 feet higher than within o
the Site. Tnus water levels in wells in basins flanking the Test Site dif- ) :
fered markedly fron one another, yet the vater levels in the three basina ..
on the Site were remerkably close to a common altituda.

Despite the imlication of the aimila.dty :Ln altitude, and element ar

gradient between the basn.na. Moreover, the rango i.n vater—level altitudes -

' ORI
822 "..  vithin the individual basing vas 15 to bo feet, almost a3 nmch as tbe differc
B R R R "

?‘_‘ o ence between the basins. The apparent abaenco of hydx:xulic gradient was
E‘ | attributed at first to possiblo inacmaciea in several waten-level masnre
>0 s Ty RN

ments, to errors in detemination of aititudea at the’ wella,ar to effecta of

purmpings These possibilitiaa were checked, evalnated and disxniased. 'I'ha

' .
RN ..?, A ..'.-

ebsence of a gradient betveen the bas:l.na appeared to be real. SR
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pemeability of these rocka rangea from 0.1 to 0,000 ganon per day per ,

wells penatrat:!.ng these mta can be batled dry, The apeci.fic capacitias ot ’“*'
- wells in theaa rocka are ccmmonly less than 0.05 gallon per ninute per foat ot' kY
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To some workers the apparent lack of gradient plus the great depth to
water suggested that the basins are still filiing upe This hypothésia,
though at first intribuing, was tentativelf dismissed because many clozed
basins both on and off the Site contained lakes during the Pleistocene
pluvials. Should not these basins have been filled lons since to their spill
points? Several nearby basins are slmost brimful of water; that is. 24l
almost tu ylaya level. '

The solution of the broblem_outlined above is suggested by the data
from the test drilling done in Yucca Flat in 1950-61. Six test holes pene-
trated equifers in valley fil1, tuff, and Paleozoic strata, and penetrated
also a tidck toffaceous aquiclude. Hydraulic tests indicate that the Paleozolc -
carbonate rocks locally have the largest coefficient of transmiasibility',.;.he ::’L
Paleozoic clastic rocks the lowest, and the tuff and valley f£ill intermediate . T
values. The coefficients of transmissibility range frox less than 1,000
gallons per da, per foot for some tuffa and Paleozoic clastic rocks to mcre
than 100,000 for the carbonate etrsta. The permeability values \iuld be in
roughly the sams ratios because a1l the wells penetrated about equal .hickneaaea: S

of saturated rocks

sy

The aquiclude penetrated by the drill holes consists of intensely zeoli- __;'

,;;uz

'-R” 1

tized or cla;wy turf.a that rom the basal part of the 'Iert.ia.ry pyroclastie r;x:kag«
and range from 200 to more, thn.n 1,500 Ieet in thickneaa.. The interstitial

u-l-‘ ,.'

' a;".'.' ‘p. ‘a* A_}ﬁf:
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Periodic measurements of water levels were made in each test well as
penetration of the satﬁrated zone proceeded. In three wells in zeolitized
tuft, ; drop in head of 20 to 50 feet was noted in drflling through the tuff,
In one of these, the head dropped just before or immediately after the well °
passed from the tuff -into dolomite of the Paleoz?ic.

The relative permeabilities of the valley £ill, the tuff, and the car-

bonate aquifers, and the decline in head with increasing depth within the

. aquiclude indicate that water is moving out of Yucca Flat, not laterally but

vertically by drainage from the Cenozoic strata into the locally more permea-
ble underlying Paleozoic carbonate rocks and then laterally out of the valley.
The water in the Cenozolc rocks thus is semiperched with respect to water in
the Paleozoic carbonste rocks,

The verticel drainage is illustra;c.ed by figure 3, based on water levels
in 8 wells, 5 of them in tuff, 1 in valley £i11, I in dolomite) and 1 in
interbedded 'argillite and dolomite., The water-level measurements used in
constructing %.he mup were, with one e'nception,'n':ade before more than 50 fest
of the aquifer had been penetrated., The depress;lbn near the cex-xter of the
valley strongly suggests that the drainago of water fr'n the Cenozoic rocks

is dnto the underlying strats, althougn it mst be recognized that only the

bordzontal component of the hydraulic gra:uez'{t ia portrayed. Other data
collected during the study zmggest tha" the vertical canponent msy be as

xmch a8 10 tims groater than the horizontal.".:,;u-’,;

The vertical movement of water beneath~Iucca I-‘lat :la portrayed by the

-..'-.,-.,

diagramatic geologio section of i‘igure h. Tha heavy horizontal line of the .-

3

diagram repreaente the piezbmetric mrface.-"g'he vai*t;ical dra.tnage mggested_'-.' g

by the arrows of the figure 1s undoubtedly circuitous,x and aeveral flow paths
: .'\4- ‘ Lt _‘»é e ." .r t

can be visualized utilizing the availabia gubsurface -hthologlc ard atmctural

0t
-t .‘:‘ I"):
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laterzl movement of grourd water along chattered blocks of underlying carbon-.

e e— . . ———ee e g - €2 . e siyeemay sy faebme gt e R I D RS o LI T A
. iyt - . By e S ; EIRS T R

T e N

t o,

.
o~ Lo
’.
re

The semiperched conditions ocutlined for Yucca Flai:probably exist also in
Frenchman Flst, where the well having the lowest potentiometric surface was
drilled 300 feet deeper into the saturated zone ‘han the two nearby wells,

Its water surface, therefore, is believed to be lower because‘it taps zones '
of lower potential than are tapped by the shallower wells.

The semiperched conditions observed at Yucca Flst and suggested for
Frenchman Flat afford an explanation for the apparent sbsence of an hydraulic
gradient between the three basins. The eight wells drilled in eﬁrlier Anves-
tigations all tapped vatef in rocke, tuff, or valiey f£ill of Cenoioic agee

In any one of these wells the water-level altitude probably reflected the

(Y I

(3
.

depth of penetration into the zone of saturation and the thickness and degree

33“

of fracturing of the aquiclude and the permeability of the.underlying ‘E?Ei
Paleozoic rocks, thus, it differed from the water-level altitudes in adJacent ‘%g-"
wells, When taken together these eight altitudes seemingly fitted no pattern f?; “
and afforded no clue to the direction of ground-water flow, _ég
The hydraulic cohnection postulated earlier on the basis of similarity .: o

of water~level &ltitudes in the three basins is believed to be effected by -

¥ .:‘!

- ate strata, That this may be so is suggested by the locally great permeability

of the carbonate rocka.

w

strata. The bead in this vell, however, is 15 to 20 feet higher than the’z

h*ghest known vatex level at Ash Headows in the eastern part of the AnarA
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Desert (fig. 1), the nearest area of natural ground-water discharge. At Ash
Meadows, which is about 35 miles southwest of Yucca Flat, some of the ground
water issues from Paleozoic carbonate rocks, and the total is estimated to
be more thaﬂ 18,000 acre-fest annually (Loeltz, 1960).

Although the regional movement of water within the carbonate rocks thus
may be southwestward toward Ash Meadows, the movement in detail probadbly
is indirect. Movement lécally is iikely to be governed by the juxtaposition
of clastic and carbonate fucies brought about by faultinge

In sumary, the movement of éround.vater in the valley fill and the tuffs
beneath the bolsons of the Nevada Test Site is vertically downward into thé '
Paleozoic carboﬁate rocks. The ground water moves :leterally in the carbonate
rocks bereath all three basins toward discharge aress, presumably to the §§;
southweste -~

The present study, plus the work of Hunt and Robinson, and loeltz,
suggest3a that ground-water flow beneath somé intermontane basins differs
significantly from the usual picture of flow down the axis of an intermqntane
valley to a spill point at one end or flow to discharge areas within the

basin, such as playas or springse : o
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