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Federal Center, Denver, Colorado 80225

ANALYSIS CF HYDRAULIC TESTS
IN HOT CREEK Vf~LEY, NEVADA

By

George A. Dinwiddie

ABSTRACT

This report, prepared in support of the U.S. Atomic Energy
Comndssion's underground nuclear testing program in central Nevada,
presents an analysis of data obtained during hydraulic tests in
exploratory holes, Hot Creek Valley, Nevada. The analysis is focused
on determining variations in hydrostatic head in the vertical section;
transmissivity, hydraulic conductivity, storage coefficients, and
velocity of ground-water movement in selected intervals; and inflow
to a theoretical chamber.

Hole VCe-17 penetrated alluvium, welded tuff, zeolitized bedded
tuff, and tuffaceous sediments. The composite water level vias 161.0
meters below land-surface datum. In the tested intervals from which
the. data were adequate for analysis, transmissivity ranged from 8.47 x
10.... 4 to an estimated 8.76 ni3pd' per m (cubic meters per day per meter);
hydraulic conductivity ranged from"1.39 x 10- 5 to an estimated 1.44 x
10-l nPpd per m2 (cubic meters per day per. square meter); storage
coefficients ranged from 6.26 x 10- 7 to' 5.65 x 10-3

; and velocity
ranged from 9.27 x 10-7 to an e s t Lma t ed 1.44 x 10- 2 mpd (meters per day).

Hole VCe-18 penetrated a l l uv Lum , 'lake beds and gypsum, rhyolite,
and bedded tuff. TIle composite water level was 59.8 meters below
land-surface datum. Only the data from the interval 1,237.8 to
1,277.4 meters were adequate for analysis; transmissivity was 4 x 10-3

mfpd per m; hydraulic conductivity was 1 x 10-4 m3pd per m2
; storage

coefficient was 6.1 x 10- 7
; and velocity was 5 x 10-6 mpd. Specific

capacity after 9 hours of pumping was 55.5 m3pd per mof drawdown.



Hole UCe-20 penetrated alluvium, welded tuff, and tuffaceous conglom
erate. The composite water level was 65.5 Deters be l ow land-surface
datum. In the interval 1,652.4 to 1,670.7 me t e r s below land surface
the static water level was also 6~.5 meters below land surface, and the
hydraulic potential decreased both above suel below this zone. In the
tested intervals from which the data '-"8Te adequate for analysis, trans
missivity ranged from 2.48 x 10-4 to 43.8 rPpcl per m; hydraulic conduct
ivity ranged from 1.18 x 10- 5 to 2.05 m3 pd IJe:~' m2

; storage coefficients
ranged from 4.67 x 10- 7 to 6. JO X 10- 3 ; and ve l oc i ty ranged from 5.9 X

10- 7 to 1 X 10- 1 mpd ,

Inflow to a theo~etical cylindrical chamber 3.66 meters in diameter
and at a depth of from 1,524. Lt to 1,533.5 meters below land surface in
UCe-20 was computed using a leaky artesian, con s t an t vd r awdown formula.
Because of many variables and unique conditions, the computation can be
considered only as an approximation. The inflow to the th~oretical

chamber probably wou l d be about l!~ cubic meters per day after an elapsed
inflow time of about 70 days.

Hole HIH-I penetrated alluvium, welded tuff, and tuffaceous sediments.
The composite water level was 168.6 meters below land-surface datum. In
the test.ed intervals from which the data were adequate for anal y s i s ,
transmissivity ranged from 1.9 x 10-3 to an estimated 16.4 m3pd per m;
hydraulic conductivity ranged from 6.2 x 10- 5 to an estimated 3.6 x 10- 1

m3pd per m2
; storage coefficifonts. ranged f r om 6.1 x 10-'1 t.o 6, 1. 1~ 10-3

;

and veloci ty ranged from l . 2 X 10- 5 to an estimated 7.2 X 10"'2 mpd .
Specific capacity after about 7 days of pumping was about 121 rr~pd per m
of d r awdown ,

INTRODUCTION

Hydraulic testing and sampling in wells in central Nevada is done

to: 1) supp1ementand improve know~edge of the general hydrologic environ-

ment of the area for better prediction of direction and velocity of ground-

water movement, 2) determine the wa t a r zro cl: chemistry and radiochemistry

for improved understanding of radionuc1ide. transport characteristics and

for evaluation of the effect and distribution of shot-produced contaminants,

3) determine certain hydraulic characteristics for engineering and design

of chambers in specific lithologic zones, and 4) provide information about

water supplies for drilling, construction projects, a.nd camp sites. This

report presents an analysis of the basic data obtained during hydraulic

tests in Hot Creek Valley (fig. 1). The ana l y s t s consists of de t e rmi nf.ng

:2



hydrostatic head distribution in the vertical section; distribution of

water quality in the vertical sQction; transmissivity, hydraulic conductivity,

storage coefficients, and velocity of ground-water movement in selected

intervals; and inflow to a theoretical chamber. Discussion of significance

of water quality in Hot Creek Valley will be available in a later report.

Inflatable straddle packers were used to isolate specific intervals

of the holes. Intenrals were tested by injecting or swabbing water

through tubing and observing the rate of reaction of the water level.

Intervals were selected according to apparent characteristics of

hydrology, lithology, and hole conditions as interpreted from geologic

reports and dO'Nnho1e geophysical logs.

Hydraulic tests in deep exploratory holes in central Nevada were

perfonned by the Hydrologic T805k Force under the direction of George A.

Dinwiddie, U.S. Geological Survey, Task Force Leader. The Task Force

consists of personnel from the U.S. Geological Survey, Water Resources

Division; the Desert Research Institute, Center fa!" Water Resources

Research, University of Nevada System; and Teledyne Isotopes, Palo Alto

Laboratories. During the hydraulic tests, personnel from these three

organizations comprising the Hydrologic Task Force worked as a group

to perform the required duties.

3
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METHOD OF A.NALYSIS

A type-curve method for determining the transmissivity of an aquifer

that is applicable to. testing of selected intervals in deep wells was

introduced by Cooper and others (1967). This analysis involves an

instantaneous charge of water to a well. The type curves (fig. 2) are
I

derived by plotting H/H versus S = Tt/r 2 (a dimensionless ti~eo c •

parameter) for values of a = r 2 Sir a where
s c

11
o

H

= water level in tubing above initial head in aquifer
immediately after. injection, in meters (m)

= water level in tubing above initial head in aquifer,
in meters, at time, t, in days

T = transmissivity; in cubic meters per day per meter
(m3 pd per m)

r = radius of injection t ub i.rig , in meters
c

r = radius of open hole, in meters
S

S = storage coefficient.

Once a value of T is obtained, hydraulic conductivity, K, can be

ealculated by the equation

K ; T/b

where K is in cubic meters per day per square meter (m3pd per rna) and

b = thickness of the tested i.nterval, in meters. Velocity of g ro und>

water movement (v) can then be calculated by the equation

v = KI/e

where v is in meters per day (mpd)

I = ground-water gradient, in meters per meter, and

e = effective porosity, in percent.

5
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l{YDP~ULIC GRADIENT

The hydraulic gradient must be known in order to solve the velocit.y

equation. Average Vi'dl";(;~S of hydraulic, potential of comparable depth

intervals in holes UCe-1.7) UC:e-18) arid UCe·-20 were used in a 3-point

solution to determine the gradient in the lower (bedrock) system.

The results of this 3-point solution indicate a gradient of about

1 meter per 100 meters to the sou t hwes t . Aver age values of hyd r au l i c

potential in holes UCe-Il, UCe-17) and HTH-1 we r e used in a 3-point

solution to determine the gradient in the upper (~lluvium) system.

Tne results of this 3-point solution indicate a gradient of about

4 meters per 100 meters to the southeast.

HOLE UCe-l?

I, 1 DC 17 t di t -'J 1- 1 "0 6"? ft d E' '~"K ]~'2 f t ',r -,~O e e- ) a coo r .ina e e ~',. ,~~_») c. t: an". 06,/,. (/ ,L , c,evana

coordinate system, central zone, Nye County, Nevada, penetrated alluvium,

welded tuff) zeolitized bedded tuff, and tuffaceous sediments. The land-

surface elevation at this site is 1,995.4 meters above mean sea level.

Hydrostatic head distribution

The greatest hydraulic potential was measured in the interval from

239.3 to 561.0 meters below land surface. TIle static water level in

this interval was about 145 meters belove land surface during testing.

The hydraulic potential decreases belo,v this interval. The static

water level in the interval 957.0 to 1:,Olf3.0 meters was 268.9 meters

below land surface. The static water level in the interval 2,056. 4- to

2,117.4 met~rs was about 351 meters below land surface.

7



Tracej ec tor s':'TveZ

Significant results were obtained from tracejector surveys under

both pumping and static conditions. The results indicate a definite

potential for downward f Low . Under static cond i t Lons , vertical flow in

the borehole was downwar-d at a rate b e twecn lJ.O and 150 m3pd to a point

at about 1)445 meters below land-suiface datum. At this depth) most of

the f Low went into the formation. Below this depth) some downwa rd f l ow

(less than 33 m3 pd ) and continual loss to the rock "las observed. There

was no measurable flow in the borehole below a depth of 1,957 meters.

A tracejector survey made while pumping water at a rate of about

870 m3pd indicates that most of the water came from the intervals

239.3 to 279.0 metersj 539.6 to 561.0 meters, and 1,443.6 to 1,446.6 meters

( . .- ,
f J. g. .)).

~ecific capacit~

The well was pumped for a short time b~fore the tracejector

survey was made. The pump intake was at ~)~T( met e r s be10;-1 1.and su r f ac e ,

the average discharge was about 925 m3 pd ) and the d r awdown was

141.54 meters after 13 hours of pumping. Therefore) the specific

capacity during this test was about 6.5 m3pd per m of d rawdown .

Hydra~lic characteristics

The analyses of data from injection inte individual intervals in

hole UCe-17 are presented in figures 2~:-12. The following pazame t e r s

were constant for all the intervals tested in hole UCe-17:

r = 3.02 emc,

b = 61 m

I -- 0.01 m per m.

Variable parameters are show~ on the figures.

8



Percent of flow rate

Figure 3.--Tracejector
Hot Creek Valley,

9

survey of hole UCe-17,
Nevada, while pumping.



t, .in minutes

Figure 4.--Injection test of interval 957.0 to 1,018.0 ill,

hole UCe-17, Hot Creek Valley, Nevada.
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t , in minu t e s

Figure 5.--lnjecticn test of interval 1,367.7 to 1,428.7 ffi,

ho I.e UCe.-17 ~;' .i.-~f; C Creek VaLl.ev , Ne va da ..
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Figure lC\.--Tnjectio11 test ~,:'f In t e r va I 2.,()56,.4 to 2,117.'+ ill.,

hole UGe-~17; Hot Cr8ek Vall.ey, Nevada:
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Figure 12.--ln j e c t i o n lese of interval 2,212.5 to 2,273.5 ffi,

hele 1JC8-17, Hot Creek Valley, Nevada.
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Table l.--Summary of hydraulic teating in hole UCe-17, Hot Creek Valley, Nevada

~ Ul-"P~I" nunib e r I r ora Ln j cy r Lon ; lo ....c r nurnbe r f r cm recovery a f t e r svabb Lng ,
21 Upper-byp~ss around to~ packer; lo~er-bypa5s aruulld bottom !lucker.
:;:; Pe r fo r a t e d c e s Lnz and cement.
ij High- r c c ovc r y too r ep Ld to Jrneasure.
0. S.J.mplcd for chemical e na Ly s Ls .
~/ CUDCO t ed zone.

NOTE; C0~~c$ite ~3t~r level

degrees Ce!ltigrade
- degreer. Fahrenheit
- gallons pf!r d~y

- s qu a r e feet
- square netcra
- feet per day
- c vat c r s rer day
- estimated

°c
OJ'

gpo
f t'

m'
f' ?d

",po
e

m - me t e r s
lscl land-surface datum
it - f e c t

gpm - gallon~ per minute
dd - d r av..down

ru3 pd - c ub i c me t e r s pe r dGJ'
g a I - gal!.()f1,g

em - c en tLrae r.e r s

Exp La na t i on :

161.0 me:ers below lsd.

279.0239·3-

Ln t e r-... al
tested

(Ill below lad)

.-.
'.0
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HOLE Dee-18

Hole Dee-18, at coordinates ~. 1,396,833 ft and E. 635,8~O ft,

Nevada coordinate sY$tem, central zone, Nye County, Nevada, penetrated

alluvium, lake beds and gypsum, rbyolite, and bedded tuff. The la.nd-

surface elevation at this si.te is 1,757 meters above mean sea level.

Hydrostati.c head distribution

The greatest hydraulic potenti.al was measured in the interval

between 1,686 and 1,803 meters below land surface. lne stati.c water

level in the interval was about ~3 meters belo\v land surface during

testing. The hydraulic potential decreases both above and beloH

this interval; however, the greatest potential is for upward movement

of water in the bo r eh ol e . The static wa t e r level in the interval from

1,874.7 to 1,986 rnet e r s was 64.0 u.e t e r s b e l ow land surface. TIle static

water level in the interval from 123.8 to 182.3 meters was about

100.6 meters below land surface.

Tracejector survey

The borehole was open to the formation from 1, )+63 t.o 1,931 meters

during the static condition tracejector survey. The results of this

survey indicate a potential for downwar-d f l.ow in this interval of

rhyolite. Vertical flow in the borehole was dOvmward at a rate of

about 33 m3 pd with inflow at a depth of 1,530 meters and total ou tf I ow

at a depth of 1,733 meters. There was no illeasurable flow in the

borehole under static conditions either above 1,530 meters or

below 1,733 meters.

20
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A tracejector survey under dynamic conditions during pumping

O f t t t •· f Sir,'" 3 , • ,. ... that t c ...i, dwa e r a a r a t e ~ ~'V m pa i ncrc a ",8S a t mas 0": '-LIe pump e

water carne from a depth-o~ 1.733 meters and from an interval in the

a11uvium from 124 to 182 meters (fig. 13). These t vo major

contributing zones did no~ have the gredtest hydraulic potential;

but they were two of the most permeable zones.

Specific capacity

The well wa s pump ed for a sho r t time before the t r ac e j ec t or

survey was made. The pump intake was at 149 meters below land

surface; the discharge was 916 m3 pd; and the drawdm~l was

16.51 met.ers after about 9 hours of pumping. Therefore} the

specific capacity during this test was 55.S fr?pd per m of

~ydraulic characteristics

Due to methods of drilling and hydraulic testing used in UCc ... 18,

only the data from the injection test of interval 1,237.8 to

1,277.4 meters could be used for the type of analysis employed

in this report. That analysis is presented in figure 14.

21
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Figure llL--Injection test of interval 1,237.8 to 1,277.4 m, ,
hole UCe-20; Hot C:-eek Valley; Nevada.
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Table 2.--S~ry of hydraulic testing l~ hole UCe-18, Rot Cree~ Valley, Nevada

Static '!l
water level1

Zone
Interval

teiiced
(Ill bela", Isd)

ft
be l ov
hd

III

below
I sd

Water
swabbed

Temperature
Packer Storag~

bypassiU coefficient

Transmiss1.vLty

gpd m'pd
per per

ft m

Hydraulic 1 Velocity
co nduc t1 vi ty

gpd .,'pd
per per ft pd 01 pd

it" d'

RDc~ type

-- _-.c..---l-----+----~-+ ~-----t- --t----+-
el
xla-'

e4
xla-'f---;-''-''-''---1 e6. I xI a- 7

j3.31,200

6.6

123.3•

106

1,(\OJ 3'1·2

Do.

Do,

47.0

120

),CXXl

3,000

j,CXXl

3,000

20'2

66

16,000Hi _!I'll

~''''7:-;--+_..:.(,-J::'''''',,;'0''":',-..-f----+--+----.--+---+----+--"."--
Hi \:b'.J

o.oa
IIi:"'''''

-=--t-~--j-

.2

l:.OOl
_.:lJ

28,m 108 53·9

!
I

(,4.0 No

1/ Upper number from injection; Love r number f r cm recovery after swa bb Lng ,
£I Uppe r c-byp a s s a rc und rep packer; Lowc r e-bypu s s u round bottom packer; Ios t c-r ec o r de r lost in borehole.
:i.J Pe r fo r a r e d c a s Lng and c cmen r ,
4/ Sampled (or c~~m~cal analysis.
~ High-r~cov.:;ry (00 rapid co me a s ur e j low-recov~ry too :;.mall to me a su r e accurately.
f:J ceecn r ed acne •

~OTE: Composite water level. 59.8 meters below Lsd.

Zxplan.atlon:

m - mc r e ra
lsd .. land-surface datum
it - feet

gpm - gallons per minute
dd - dra ....down

Q3 pd _ cu~ic mctern per cay
gal - gallons

em - centimeters

°c
of

gpd
ft'
of'

fc pd
mpd

e

.. d~grees Centigrade
- degrees Fahrenheit

gallons per day
.. squ.Jre feet
.. square tn~cerlli

- feet per day
- meters per da y
- estimated



1.: HOLE UCe,..20

'-.

.w

Hole UCe-20) at coordinates N. 1,399,868.46 ft and E. 628,092.75 it)

Nevada coordinate s~stem) central zone, Nye County: Nevada, penetrated

alluvium) zeolitized welded tuff) c1J f f,8c eOl.l S conglomerate) and partly

to densely welded tuff. 111e land-surface elevation at this site is

1)755.8 meters above mean sea level.

l~drostatic head distribution

The greatest hydraulic potential was measured in the interval

from 1)652.4 to 1)670.7 meters below land surface. TIle s t a t Lc-wa t e r

level in this interval was 65.5 meters below land surface during

testing. The hydraulic potential decreases bath above and below

this interval. The static wa t e r level in the interval 213.4 to

219.5 meters was ab ou t 103.7 meters be I ov LEl,1 surface. The static

water level in the interval 1,679.9 to 1,829.3 meters was 84,5 meters

below land surface.

- A tracejector survey run under static conditions indicated no

measurable movement of wa t e r in the borehole. This lack of movement

under static conditions indicates very little hydrostatic head

difference in the vertical section, insufficient hydraulic conduct

ivity for measurable exchange of water from one zone to another,

or both.

A tracejector survey under dynamic conditions during jetting of water

at a rate of about 820 rPpd indicates that most: of the jetted Hater came

from a depth of about 1,658 meters (fig. 15). This depth is within the

interval 1,652.4 to 1)670.( meters which had the greatest measured hydro

static potential and which was one of the m03t permeable zones.
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Figure 15.--Tr2cejector survey of hole UCe-20,
Hot Creek Valley) Nevada) wh Lle jetting.
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.!:!YiE..au.uc charac ceris tics

The analyses of data from injection into individual intervals

in hole UCe-20 are pre s en t ed in figures 16-29. The parameter

r ::: 3.02 em is constant, and the variable parameters are shown on
c

the figures.

This is a theoretical consideration and analysis of time-

dependent decay characteristics of water inflow to an underground

chamber. The leaky artesian} con s t an t e-d r-awdown formula de r i.ve d by

Han t u sh (1959) and modified by 1ilal ton (1)62) as a t.yp evcu r ve solution

can be used to analyze the deep-well test data in terms of inflow to

an underground chamber if certain basic dssumptions of. physical

conditions are made. TIlese assumptions are: 1) that partial penetra-

tion in the center of an aquifer can be treated as a leaky-aquifer

problem with leakage from above and below; 2) that aquitards above and

below can be treated as d 8ing12 aquitard above} with the recharge

reservoir aIso above; 3) that initial heads in this small aquifer-

aquitard system are about the same; 4) that inflow effects at the

ends of the chamber can be approximated by adding compensating

length to the cylinder; 5) that underreaming is sufficiently rapid

to simulate instant drawdown; and 6) that construction includes a

sealed sump that accepts all inflow to the chamber thus simulating

constant dr awdown at the base of the chamber.
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Fig'.l:~"e 16.--Injectiontest of interval 213.4 to 219.5 m, hole UCe-20, Hot Creek Valley, Nevada.
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Figure 17.--Injecdon test of interval 670.7 to 676)3 ill, hole UCe-20, Hot Creek Valley, Nevada.
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The formula that describes leaky artesian constant-drawdown

variable discharge conditions as presented by Walton (1962) is:

~.. "m 229Q/[GJA:r",1B) 11
,\ -, 9.29xlo-~TtlrN2S

r,,·1B .... r",1 \ITI (P'lm')
where:

G(A,Y,,:fB) (r,oIB) [K, (r",IB) IKo(r",IB)]

+ (4-l7T%) exp [->..(r.clB) 2)

au

14 ... r~V'I/exp (i7T')B2

T =- coefficient of transmissivity) in gpd!ft
S "'" ,codTicicnt of storage, fraction

Q "'" discharge, in gpm

r,,, "" nominal radius of pumped wen, in ft
s", "'" drawdown in pumped well, in ft

t ...,., time after discharGe started, in min

P' ....." coefficient of vertical hyd rauLfc c ondu c tivi. ty of
confining bed, in gpd/sq ft

m~ -. thickness of confining bed through which
lcakaqc cccu rs, in ft

K 1 (r",!B) first-order modified Bessel function of the
second kind

- zero-order modified Bessel function of the
second kind

zero-order Bessel function of the first kind

zero-order Bessel function o] the second
kind

\
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For purposes of analysis) the cylindrical chamber in UCe-20 is

assumed to be from 1) 524. 4 to 1) 533.5 meters be Low land surface

(9.1 met er s long) and to have a diameter of 3.66 meters. The
\

solution to the well function for leaky artesian aquifers and

constant drawdoMl) G (\)r /B) has been worked out only for the
w !

practical ranges of ~ and r /B that are used frequently. Unfortunately,
w

the problem of Lnf Low to chambers is concerned Vlith unique c hn r ac t e r «

istics of 1mV' transmi.ssivity .and low hydraulic conductivity; therefore,

the soluti.ons of many inflow problems lie outside the normal range of

the type curves and approximations must be made. Such is the case in

UCe-20) and several approximations were made by va ry i ng transmiss-

ivity and the vertical component of hydraulic conductivity both

jointly and independently. It is assumed because of the position

of terms in various equations that varying the hydraulic conducti<lity

is less critical than varying the transmissivity; therefore, the

actual inflow-decay curve probably lies closer. to the adjusted-

conductivity) inflow-decay curve th~n it does to the adjusted-
I

transmissivity, inflow-decay curve (fig. 29). The actual inflow-

decay curve might be approximated by the dashed "theoretical" curve

in figure 29. An approximation of inflow based on relative specific

capacity prepared by W. E. Hale indicates an inflow of less than

100 m3pd, but this probably is close to initial inflow and does not

indicate decay characteristics.

Best approximations using the leaky artesian) constant-drawdown

analysis indicate that inflow to the theoretical chamber would be between

4.9 and 450 m3pd after lef minutes (about 70 days ) and that inflow

probably "\-lQuld be about 14 m3pd after lef minutes.
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Figure 29 .--Anticipated inflow to cylindrical chamber in interval 1,521.3 to 1,539.6 rn,
hole UCe-20, Hot Creek Valley, Nevada.
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Table 3.--Sc=.ary of hydraulic t e s t t ng in hole UCe-20, Hot Creek Valley, Nevada

Veloc tty

f t pd ci Pd

Hydraulic
condoc r t v t r.v

g})d mJpJ.
pc r per

[co Ii'

'I'r an emf s eLv Lty

-gpd-----;;;-3·p-d:-+~=!'''r~~:-+-----r---iRock type

p c r per
it m

Storage
coefficient

P nc k e t:

by?a~::.>:::J

Temp e r n t u r e

0 1,' °c

Relative . I

<c"'r ·,n ,r I ,."-1
gpnl
pt..:r

it 0 E Jd

Interval
tc~tcd

[m below l sd ]
Zone

°c _ degr~cs CCllttgr3de
of' _ degrees Fuh r cohe Lr

gpd - gallo~s per day
ft:-l - square Ic c r
rn2 _ square mc r c r s

ft pd - feet per day
mpd - meters per day

e - e s r tma t ed

Explanation:

- mct c r s

l~d - }Qod-surface datum
it - feet

gpm - gallons per rninut~

cd - d r awdcwn
:r?pJ - cubic c.c c e r s per day

gal - :::,illon$
em - c en t Imc t e r s

0.0:"1"

Upp c r number [rom injection; l ove r nurnbe r (rom recovery after svabb Lng ,
Upper-byp:1SS ~round top pucker; l()w~r-bypass around bottom packer.
Parfor~tcd casing and cement (twO shots per ft).
Sump Led Lo r chemical a na Ly s i s ,
lligh-rccove.l·y tOO rapid to mca sure ,
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HOLE HTH-l

Hole HTH-l) at coordinates N. l}41l)443 ft and E. 629)720 ft,

Nevada coordinate system) central zone, Nye County, Nevada)

penetrated alluvium) densely welded tuff} and tuffaceous sediments.

The land-surface elevation at this site is 1)832.6 meters above

mean sea level.

Hxdrostatic head distribution

The greatest hydraulic potential was measured in the interval

from 731.7 to 750.0 meters beLow land surface. The static wat e r

level in this interval was about 167 meters below land surface

during testing. The hydraulic potential decreases slightly both

above and below this interval. The static water level in the

interval 506.1 to 52 1-1- . ) ~ met ers was about: 169 meters be l ow land

surface. The static wa t e r level in the interval 899. 1> (:0 917.7 meters

was about 170 meters below land surface.

Tracejector survey

Significant results were obtained from tracejector surveys

under both pumping and static conditions. The survey under static

conditions indicates that in an interval of densely weld~d tuff from

731.7 to 750.0 meters) the flow probably is primarily lateral.

However, there is potential for vertical flow from this interval

both upward into the alluvium and downward into the tuffaceous

sediments. During the survey, flow in the borehole from this

:3interval was upward at a rate of more than 15 m pd and downward

at a rate of more than 20 m3pd.



A tracejector survey made while pumping water at a rate of

about 290 m3pd indicates that most of the water came from the

intervals 213.4 to 259.1 meters and 289.6 to 350.6 meters (fig. 30).

There was no measurable contribution from the interval 1,09 4. 5 to

1,117.4 meters.

gpecific capacity

The well was pumped to determine aquifer characteristics. A
\

bridge plug was set at 426 meters below land surface and the pump

intake was at 366 meters; therefore, water was pumped only from the

perforated intervals 213.4 to 259.1 meters and 289.6 to 350.6 meters.

The average discharge was 665 m3 pd ) and the dr avdown was 5,5 meters

after about 7 days of pumping. 'rneyerore, the specific capacity

during this test was about 121 m3 pd per rn of drawdown ,

Hydraulic characteristics

The analyses of data from injection into individual intervals

in hole HTH-l are presented in figures 31-39. The parameters

r = 3.02 ern and r = 12.22 cm are constant, and the variable
c s

parameters are shown on the figures.

46



f)
.'

f)

D
ep

th
b

el
o

w
la

n
d

su
rf

a
c
e
,

in
m

e
te

rs

o
..... o

ro o
lJ

J o
g

~
8

--
-;

j
o

8
~

.....
1-

3'
"

•
I-

'
t:

;l
O

..... 0
>

:tj .... O
Q

p
::

c
ro

0
'1

0
n

ro

~
~

ro
•

lJ
J

ro
I

0
"'.

t-e
3

<
:'

1
PJ

PJ
1

-
'0

I'd
I-

'r
o

ro
ro

L
.I

..
'1

'<
ro

0
...

0
ro

r
t

::l
~

z
o

.
n

ro
'1

<
:

0
PJ

U
J

h
)

Po
e:

:
-?

'
'1

h
)

<
:

.....
~

cc
0

::
r"

'<
:

~
.... ...

..
0

'1
m

nr
r-

fT
iP

F
iT

1l
T

fn
:n

:1
m

rn
lil

T
IT

:-
:1

1,
t!

,
j·;

T
;
n

0
I1J

rr
rn

rrm
-;-

;rr
n1

T
;I
~
n
T
i
T
nI

t
:
l
1
n
l
T
m
T
t
t
t
r
n
r
:
i
~
T
i
T
l
"
i
r
1
i
1

./
ro

"'
t>

PJ r
t

'U
;::

r'
ro

i=
0

:3
.....

'0
CD

.... ::l
p:

:
O

Q
t-e

3
.

::x: I ..... '"



t, in minutes

Figure 31.--Injection test of interval 213.4 to 259.1 m,
hole HTH-I, Hot Creek Valley, Nevada.
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t, in minutes

Figure 32.--Injection test of interval 289.6 to 350.6 m,
hole RTH-I} Rot Creek Valley) Nevada.
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Figure 33---Injection test of interval 426.8 to 457.3 rn,
hole HTH-l, Hot Greek Valley, Nevada.
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Figure 35.--Injection test of interval 564.0 to 603.7 ill, hole HTH-I, Rot Creek Valley~ Nevada.
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37.--Injection test of interval 731.7 to 750.0 m,
hole HIli-l, Hot Creek Valley, Nevada.
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Figure 38.--Injection test of interval 804.9 to 826.2 m,
hole HTH-I, Rot Creek Valley, Nevada.
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hole HTH-l, Hot Creek Valley, Nevada.
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1 t

Aquifer performance test in holes HTH-I and HTH:-2

Physical conditions

Hole HTH-I, the pumped well, was drilled to a depth of

1,129 meters and penetrated alluvium from 0 to 728.7 meters,

densely welded tuff from 728.7 to 752.4 meters, and tuffaceous

sediments from 752.4. to 1,129 meters. The Hell was cased and

cemented throughout its entire dep,th, after which specific

intervals were shot perforated. The perforated intervals were

selected as being the most permeable as inferred by the

geophysical logs. Isolated tests of hydraulic characteristics

showed that the intervals 289.6 to 350.6 meters and 213.4 to

259.1 meters were the most permeable. In order to concentrate

the effects of the test within the zones of principal interest,

these zones were isolated by use of a retrievable bridge packer.

A pump was then installed above the packer.

Hole HTH-2 is 153.8 meters from HTR-l and \-las used to observe

the effects of pumping hole HTH-I. Drilled to a depth of

304.9 meters, it penetrated alluvium. The weLl, was cased with

blank casing from 0 to about 152 meters and with slotted casing

from about 152 meters to 304.9 meters.

Purpose of the test

This aquifer-performance test was deemed necessary to determine

important aquifer characteristics such as transmissivity and

hydraulic conductivity hom whi.ch rate of ground-water and

contaminant movement could be pre1icted.



Type of test and conditions

The aquifer performance test consisted of pumping well HTH-l

for a period of 10,008 minutes and measuring water-level change in

wells HTH-l and HTH-2 during both pumping and recovery after pumping.

The conditions of the test wer e variable dr awdown, with time, at a

constant discharge. The average pumping rate was 665 m3pd. Some

difficulties arose t owar d the end of the test when the rate of

discharge fluctuated slightly. The fluctuation was particularly

critical because the maximum d rawdown in HTH-2 was only 0.171 me t er s ,

Analysis of aquifer-test data

Preliminary anilysis of the test data indicated that a

mathematical treatment concerned with leaky artesian conditions

would be the best means of evaluating the data. Results of this

treatment (fig. 1.;0) proved to be the most consistent.

Equations applied to leaky-artesian conditions (Walton, 1962)

are as fol10\07s:

or

T = 114.6QW(u,r/B)/s

u = 2693J? S/Tt,

where:

and

S - Tut/2693J!3

s = dr awdown in observation well, in feet

r = distance from pumped well to observation Hell, in feet

Q = discharge, in gallons per minute

t = time after pumping started, in minutes

T = coefficient of transmissivity, in gallons per day per foot

s= coefficient of storage of aquifer

W(u,r/B) = well function fer leaky artesian aquifers

. where:



<

Time since pumping started, t} in minutes

Figure 40 .--Time-drm"rdO\ffi graph for observation Hell HTH-2,
Hot Creek Valley, Nevada.
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riB = r/ ~T/(P'/m~).

P' = hydraulic conductivity of confining bed} in gallons
per day per square foot

m' = thickness of confining bed through which leakage occurs,
in feet.

When the equations are applied to the drawdmm data from HTIl-2,

; 3
the observation well} the transmissivity of the aquifer is 102 m pd per m

and the coefficient of storage of the aquifer is 3 x 10- 3
• Converting

transmissivity to hydraulic conductivity (K) is simply a matter of

dividing the transmissivity (T) by the aquifer thickness (b):

K = T/b.

However, the complexity of the hydraulic system that was tested through

the hydrologic test holes results in a range of values for aquifer

thickness from the combined thickness of the most permeable beds

(intervals 213.2~ to 259.1 meters and 289.6 to 350.6 meters in nru-i )

to the entire saturated thickness from the static water level to the

bottom of perforations (350.6 meters) in H'IH-l. Therefore} this

range in aquifer thickness (106.7 to 182.0 meters) results in a range

of hydraulic conductivity from 0.56 to 0.96 m3 p d per m2
:

K = T/b = 102/106.7 = 0.96 m:3 pd per nfl

and K = T/b = 102/182.0 = 0.56 rn3pd per rna.

Pore velocity of ground-water movement is computed from the

following equation, using Darcy's law:

v = KI/8

where:

v = velocity, in meters per day.

I = hydraulic gradient

e = effective porosity (fractional).



•

The hydraulic gradient was determined by using elevations of water

levels in holes DCe-ll, HTH-l, and Dee-I,!. The gradient is about

4 meters per 100 meters from northwest to southeast, toward the

principal drainage in the area. Assuming an effective porosity

of 20 percent, considered a reasonable estimate in the type of

material tested, the range of velocity of ground-water movement

downgradient wouLd be from a.112 to 0.192 meters per day.

v == KI/8 .- (0.56)(0'.04)/0.20 -·0.112 mpd

v = KI/8 = (0.96)(0,04)/0.20 = 0.192 mpd .
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Table 4.--Summary of hydraulic r e a r Lng Ln hole IITII-l, Ho t; Cr-eek Valley, Nevada.

lntervul
Zon~ tested

(m below lsd)

1 Tl:.lT.:l c r.9: t u r £::

~
Pa~kl!r / Storage
byps.:::s3..1 c oc f fic!cnt

Trsnsmiauivity

&pd m
3

pd
per per

f t III

llyd r eu l Lc
conduc t Iv Lt y

gpd m
3 pd

per per
ft:J m3

Velocl ty

ft pd mpd

I
Rod, type I

a.
.N

:,06,1- ~24.4

jL~

~,I------

e .lKI[

.01

,0'0:0

. 1 I

220

GI0

oW

'YIO

1

'12

[\1

91

91

22.2

24.4

2~.0

6.1 x lCJ"

6.1 X 10- 7

6.1 x 10-'

No

d·3
xlO.:J
2.~

xlO"

48·3

el6.4

oe,

Do •

Do .

Do.

~Exp Lana t Lon i:J Upper number I r cn. injection; lower number from r ccov e ry after. swabbing.
V Upp e r e-by pa s s around top packer; lowcr'-bYPilss around bottom packer.
'J! Pcrt0raced casing and cement.
V Scmp Led for c hcau.c a l, ana Ly s Ls ,
:J High-recov~ry too rapid to roeasurc.
s.J Sand may haVe plugged ports.

NOTE: Composite water level = 168.6 meters below lsd.

~ - meters
l~d - l~nd-sur[ace datum
ft - feet

gpm - g3110ns per minute
d d - cr avcovo

m3 pd - cubic meters per day
go 1 - go !lons
C~ - centimeters

DC

OF
gpd
ft"
m'

ft pd
mpd

e

- degrees C~ntigrad~

- degrees Fahrenheit
- gallons per day
- 5quar~; fe e t;

- square meters
- feet per day
- r.l.-:tcrs per day
- estimated

,I
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