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ABSTRACT

enemsas

This report presents results of the production and interference tests conducted on the geothermal
wells RRGE 1 and RRGE 2 in Raft River Valley, Idaho during September - November, 1975. In all, three
tests were conducted, two of them being short-duration production tests and one, a long duration H
interference test. In addition to providing estimates on the permeability and storage parameters of
the geothermal reservoir, the tests also indicated the possible existence of barrier boundaries. The
data collected during the tests also indicated that the reservoir pressure varies systematically in
response to the changes in the Earth's gravitational field caused by the passage of the sun and the moon.
Overall, the results of the tests indicate that the geothermal reservoir in southern Raft River valley
is fairly extensive and significantly permeable and merits further exploration.
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INTRODUCTION

Between January and July, 1975, the ‘Idaho Na-
tional Engineering Laboratory (INEL) drilled two
deep wells in the Known Geothermal Resource Area
(KGRA) in southern Raft River Valley and success-
fully produced hot water at about 147°C (about & \DaKG
297°F) with free artesian flow of over 1500 liters = d catalio
(400 gallons) per minute. Upon completion of the
wells, Dr. Jay Kunze, Director, Raft River Geo-
thermal Project, requested the help of the Geo-
thermal Group of Lawrence Berkeley Laboratory (LBL)
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to conduct appropriate reservoir tests on the two i

successful wells with a view to gaining as much ;

knowledge as possible about the reservoir to guide ,uq&\
e .

further exploration and development. Accordingly,
the LBL Geothermal Group carried out production as
well as interference tests on the two geothermal

wells during the last 3 weeks of September and the
first week of November, 1975. The tests yielded

useful data on the physical parameters of the geo-
thermal reservoir in Raft River Valley as well as
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providing clues about the possible reservoir geo- g :
metry. Based on these tests the drilling of a “"3 = } .
third well was commenced during April 1976. A i

The purpose of this progress report is to pre-
sent the findings of the first reservoir evaluation
tests.
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GEOMORPHOLOGY, GEOLOGY AND STRUCTURE RAET J RIVER, OUNTAIN \~.T {
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The Raft River KGRA is located on a north XBL 7610 4093 ;

trending intermontane valley which is bounded on SCALE & 250,000 ;
the west (Fig. 1) by the Jim Sage and Cotterell 543210 SMILES

mountains, on the south by the Raft River mountain
range, and on the east by Black Pine and Sublett
mountain ranges. The valley is about 38 miles
long and about 12 to 15 miles wide and is drained

Fig. 1: Location map of the Raft River valley
geothermal field, Idaho.




by the perennial Raft River, which flows into

the Shake River to the north. The floor of

the valley is at an average elevation of about
4600 feet while the surrounding hill ranges attain

Bl Bl QAT monzonite) .
tasediments (Williams et al.,
ermal wells,

7). “The wo gech

sLerninats. SN Te )1 LESS o Do that t!
elevations of up to 9800 feet. The valley is Precambrian rocks of the BaSimBésser mountains form
relatively flat and slopes gently towards the JLhe T100Tmartne Raft River basin.
north. At the southwestern extremity of the val-
ley the Raft River flows through a gap (known A bulk of the sediments filling the basin be-
as the "Narrows'') between the north-south Jim long to the Salt Lake formatign of.dfa-Rligcene
Sage mountains and the east-west trending Raft 1§ CIERTEEEES

age, attaininy wres

= 58S of 'v 00 fr. (Wtl-
liams et al., 1978).

River mountains. The latter reportedly forms The Salt Lake formation com-

one of the few east-west trending mountain

prises tufacecus sandstone, siltstone and conglo-
ranges in the North American Cordillera (Williawms merate. At the bottom, the Salt Lake formation is
et al., 197%). separated from the Adamellite basement by Paleozoic
metamorphic rocks comprising quartzites and schists.
The Raft River valley lies in a graben formed

by down faulting in lats Tertiary times (Williams

The Salt Lake formation is overlain by Pleis-
et al., 1975). The basin lies in the northern

tocens sand, gravel, silt and clay (the Raft River
part of the Basin and Range province near its . mmmm.
structural junction with Smake River volcanic The Raft River formation IS 1n turn overlain by
plains. The basin is filled with Tertiary and alluvial and pluvial sediments.
Pleistocene sediments to depths of about 5900 ’
feet.

he Jim Sage and Cotterell mountains on the Structurally (Fig. 2), the Raft River basin is
Rl O TePETE VS TCanLc rocrs and - considerably faulted; by north-south faults at the

base of the Jim Sage-Cotterell hills on the west

and at the base of the Black Pine-Sublett ranges on

the east and by east-west faults at the foot of the
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Fig. 2: Structural geology in and around the Raft River valley

geothermal field (after Williams et al., 1975).
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(after Williams et al., 1975).

Raft River mountains on the south.

All the fault
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Geologic cross section across part of the Raft River valley

The most important structural element in the

planes apparently dip towards the basin, rendering
the basin a complex graben. The ''Narrows' struc-
ture, which has been picked up by geophysical mea-
surements (Williams et al., 1973), is an incom-
pletely understood structural lineament trending
ENE at the SW corner of the basin and NE (Fig. 2)
at the NE corner of the basin.

_qetelx 60 degrees near tne surrace.

vicinity of RRGE 1 and RRGE 2 is the Rumidoe Foult,
which seemingly outcrops 2250 feet west of RRGE 1
and trends north-south and dins east ar swnro-d

-
The Bridge
. W
Fault was apvarently intercepted a3t D0D0LZ St IR AIT

4200 Teer, In rig. 3 is reproduced a geological
section prepared by Williams et al. (1975) along a
WNW-ESE line passing just south of RRGE 1.
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Fig. 4: Profile showing completion details of geothermal

well RRGE 1 (prepared by Aerojet Nuclear Company) .

SUBSURFACE CORRELATIOM

The geothermal wells RRGE 1 and RRGE Z are
located in Section 23, Township 15S, Range 26E.
he distance betwee : 1S Tox]i ly

Tentative correlation of the borehole logs of
the two wells (Fig. 6) by the geologists of Aero-
jet Nuclear Company indicate that the sediments

000 T With RRGE 2 located towards NE from RRGE «2pparently dip fowards RRGE 2. In particulsr™ the
s 10€ COmMpletion data for the tWo W $§ are sum- correlation shows that the base of the Raft River

marized in Table I, and the well profiles are formation is offset downward by about 200 feet

sketched in Figs. 4 and S. toward RRGE 2, suggesting an‘g,w:_dig.af_ahcat
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Profile showing completion details of geothermal well

RRGE 2 (prepared by Aerojet Nuclear Company).

With depth, the dips in-

crease gradually and at about 4500 feet in RRGE 2,
the deposits are ibout 500 feet deeper than the

comparable sediments in RRGE 1, indicating an ap-
parent dip of about seven degrees.

The upper part
of the Elba quartzite of Precambrian age, which
underlies the Salt Lake formation in RRGE 1 and in

the two wells.
(
and_ 4500

%©_indicate the presence of any such pronounced

RRGE 2, is apparently almgst horizontal between
While a prominent fualt zone

petween 3300

idge fault?) was pierced in RRG
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TABLE 1

RRGE 1 RRGE 2
Total depth, £t 4,989 5,988
Casing:
Diameter, in 13-3/8 13-3/8
Depth, £t 3,624 4,227
Uncased hole:
Diameter, in 20 12-1/4

Depth range, £t { 3,624-4,989 4,227-5,988

Major production,

depth range 3,624-4,200(7) 14,227-5,000(7)
Reservoir

temperature, = 294 (146) = 294 (148)

°P (oc-)

Well head

pressure, psi = 150 = 150

RESERVOIR TESTS AND INSTRUMENTATION

The basic aims of the Teservoir tests were to
evaluate the permeability and storage parameters
of the reservoir and to decipher reservoir geomet-
ry. The tests essentially consisted in producing
fluid from ome of the wells at controlled rates
and over prolonged periods of time and observing
the water pressure changes in the producing well
itself or in the other well. Since the wells have
positive well head pressures (artesian), controlled
flow can be achieved by carefully opening the well
head valve. Also, since the theory of the tests
is based on a sipgle..homogeneous ETOTG . the Flow

B an 0f a vapor phase within the well.”

Since the wells are over 4000 feet apart, the
pulse introduced at one well can create only very
small pressure changes in the observation well. A
key piece of equipment in the tests was therefore
a very sensitive quartz crystal pressure gage which
can be conveniently lowered into the well to any
desired depth and which communicates with surface
recording equipment. through a conductor cable.

The pressure gage has a resolution of 0.0l psi
(over the range 0 - 10,000 psi) and can withstand
temperatures of up to 300°F., Since the maximum
reservoir temperatures recorded at RRGE 1 and RRGE
2 were only about 294°F, the aforesaid pressure
gage was very well suited for monitoring pressure
changes in an active producing well or in a quiet
well.

During the tests, use was also made of a simi-
lar, but less expensive quartz pressure gage,
which could measure pressure changes only at the
well head. Since both RRGE 1 and RRGE 2 have posi-
tive well head pressures, this "surface pressure
gage' was especially well suited for monitoring
pressure changes in the observation well during
the interference test.

In regard to instrumgntation, one of the ob-
jectives of the tests was to evaluate the perfor-
‘mance of the less expensive surface pressure gage
in comparison to the more expensive downhole gage.
Towards this end, both the instruments were in-
stalled in the same well (RRGE 1) during a long
duration interference test and simultaneous pres-
sure measurements were made, with the downhole .
gage set at approximately 1000 feet. The data so
collected are presented in Plate 2. A.somperason

£rom September .SlumianOotaiaimbmm S A0Skl Shou ;4
wEN€ DT es SUTe  chifgdtmiaiiguuppmtipgmt: S -
ments agree reasonahly ssallodasmceneral  except for
1256 gact tgat tEE $u;£a;g gage data tend to show
somewhat enha during the early atternoon
WMOO ACUT o ey
worthwille pointing out here that in setting up

the surface gage, an air column was used as a buf-
fer to protect the pressure semnsing crystal from
the water in the well. It seems reasonable to in-
fer that the accentuated pressure readings indica-
ted by the surface gage during the early afternoons
are to be attributed to the expamsion of the air
column buffer due to the increased temperatures.

The experience gained in regard to the sur-
face pressure gage has showed that the surface
pressure gage is indeed a valuable, economical al-
ternative to the considerably more expensive down-
hole gage whenever one is interested only in mea-
suring transient well head pressure changes in ob-
servation wells. It is felt that thé anomalous
readings induced by the air column buffer due to
its susceptibility to temperature changes can be
minimized or even eliminated by replacing the air
column by a buffer of an inert oil, such as sili-
cone oil.

DESCRIPTION OF RESERVOQIR TESTS

In all, three tests were conducted between
September 12 and November 7, 1975. Two of these
were production well tests in which the pressure
gage was positioned in the production well within
the producing interval. This was necessary in
order to assure a fairly stable temperature envi-
ronment for the pressure gage, which is temperature
sensitive. The production well tests were both of
short duration and lasted less than 30 hours. Af-
ter shutting down production, pressure buildup
within the well was monitored for less than 24
hours.

The third test was an interference test in
which fluid was produced from RRGE 2 and the pres-
sure changes were monitored in RRGE 1. Since the
latter was quiet and fluid filled, it was not es-
sential to position the instrument close to the
bottom of the well. The interference test, which
provides data on a large portion of the reservoir
between the two wells, was of a long duration.
During this test, RRGE 2 was flowed for approxi-
mately 26 days.

The specifications of the tests conducted are
given in Table 2.
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TABLE 2 =
. Production . R
s Duration Pressure Gage in Maximum Pressure Dro
T . . g P
est No Description Hours | "ell Ne F1°‘;p§a‘e Well No. Depth, ft | Well No. 4p, psi
it Short term test 15 RRGE #2 225 RRGE #2 5200 RRGE #2 39
on RRGE #2
2 Long term test 618 & RRGE #2 400 RRGE #1 1000 RRGE #1 3.6
on RRGE #2
3 Short term test 30 RRGE #1 26 RRGE #1 4700 RRGE #1 1.1
on RRGE #1
INFLUENCE CF EARTH TIDES ON OBSERVED WATER ST : : : : :
PRESSURES ::8‘_ 1= 02 Grumy7 -
A significant phenomenon that came to light @554 &
from the water pressure data collected during the % _2§42_ _f-"___ Shantely g
long duration interference tests (Plate 2} and the o Mean presswre ==

short duration production test on RRGE 1 (Plate 3)
was that the WW
y : es in the earth!
aths ot t

indicated regu-

-7

The field data
1ar fluctuations in water pressures with wave
lengths varying from 10 to 12 hours and with ampli-.
tudes of up to 0.1 psi about the mean.

Pressure (psh)

For a proper evaluation of the pressure data,
the gravitational changes at the location of RRGE
1 over the period of the tests was calculated by
Dr. Howard Oliver of the U. S. Geological Survey,
Menlo Park, California. Figure 7 shows a compari-
son between the calculated gravity variation and
water pressure variatiom in RRGE 1 between Septem-
ber 28 and October 6, 1975. It can be seen from
the figure that there is good correlation between
gravity change and pressure change. A Cross spec-
tral analysis of the data showed that the troughs
and crests of the water pressure wave tend to lead
the corresponding features of the gravity wave by
about 37 minutes. Due consideration had to be
given to the tidal influence before the interfer-
ence data could be analyzed.

3

Prassure (psi)

oy
=
in

Do lmgol}

s
o
R

psh)

e

iy

Pressura {

THEQRY OF PUMPING TESTS

Before we present and discuss the results, it
is pertinent to briefly describe the theoretical
basis of interpretation.

The-analytical pedel.usad
for interpretation is f transient potential - ®
M Ty T o o 3
symmetric system) in an infinite, homogeneou ;s'n,-
hewizQUtal. 5lab Of finiLe thlcknessL_~By the prln- Z
g
- & m
h__gggggggﬂs;szmns_.Agaﬁd‘ —— Pt
W—fﬂ Sbiediizhorsooon et al., 1952,
or Ferris et al., 1962. The aim of interpretation
is to determine the reservoir kH, the reservoir
storativity, ¢cH (where K is the permeability coef- Fig. 7:

ficient, H is reservoir thickness, ¢ is porosity
and ¢ reservoir compressibility) and decipher the
existence of barriers or other boundaries. The

!
5
I

200

206
Sept 26, 1975 :

!
1200
Sept 30

o
$

. f

1200
QOct 6

XBL T68~2984

Correlation between variation in the
earth's gravitational field and water

pressure in RRGE 1 during the long-term
interference test.




transient pressure change around a line source in
an initially static system is given by the rela-
tion (often known as the Theis equation)

q]JPD A e M&:‘{‘.}—
LN {
IR )

where AP is pressure change, q is constant flow
rate, W is fluid viscosity (assumed to 0.18 c¢cp at
294°F and 2000 psi), Pp is dimensionless pressure
and v is a constant depending on units used. More-
over, Pp is expressed as an integral of the dimen-
sionless time tp

AP =

<@

-y
a L3
PD l/Zju du 2
u
where u = 1/4 tD” The dimensionless time tD is
given by
v = (3)
ducr”

in which t is time and r is the radius to the point ®

of observation. der to evaluate and &

$hoozder to evaluate kil and dcd
~u51ng (1), (2) and (3) a rechnigue of curve match- A
ng 15 Conventl e , DAL o D e e SRR
e e e = or,
Tl . ATl aSYMDTOLic APDTOYLimdd Al
used in which drawdown ]sS..Dldsdeed &
ne tog or time_s In addition to kH and ocH, the
departure of the plotted data from the type curve
in the log-log plot or the occurrence of breaks in
the slopes of the straightline segments of the
semi-log plot would indicate the presence of bar-
rier or leaky boundaries in the system.

RESULTS OF TESTS AND INTERPRETATION

(1) Short term production test, RRGE 2: The
short term production test on RRGE 2 was conducted
between September 12 and 13, 1975. The data col-
lected during this test is presented in Appendix 1
and the time history of pressure change is shown
in Plate 1. During this test, the well was flowed
at a near-constant rate of 225 gpm for 15 hours.
After shutting down the flow, pressure buildup was
observed for an additional 2.25 hours. The maxi-
mum pressure drawdown observed during the produc-
tion period was approximately 37.5 psi. The total
pressure recovery during the 2. 25 hours of bulldup

observation was about 24.25 psi. During this test,
the quartz pressure gage was installed at a depth
of 5200 feet where the absolute static pressure was

about 2261 psi.

A log-log plot of the pressure drawdown data

collected from this short term test is presented
in Fig. 8. It can be seen from the figure that
between 13 and 600 seconds of the start of produc-
{S’ tion, the drawdown data closely matches the Theis’

type~curve. Computations based on this early draw-

down data indicate the following parameters for

he reservoir in the vicinity of RRGE 2:_ kH =
47,600 millidarcy-feet; ¢cH = 2.91 x 10-2 £t/psi,
& assuming an effective well radius of one foot.

Since the exact production thickness of the reser-

voir is not known, the fundamental parameters, per-

meability and compressibility have not been com-

puted.

100 ‘ —

o,
g
B
3
3
g o 19 = 10 AP = 4.1 psi = 10.25 ft
s
P = 1 t = 15 secs. - (225) (0.18) (1}
a - ° KR = 8298 x 10%) (10.25) -

= 47617 md. ft.

- (4.396 x 1078) 47,617) (15/60)
10.18) (10) {¢2)

ocH =

= 291 % 107 tpsi (r, = 16

|
l 10 100

Time (seconds)

Fig. 8:

Short-term production test, RRGE 2
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The data presented in Fig. 8 also show that

after about 600 seconds, the drawdown data gradu-r
ally departs from the Theis type-curve, showing

larger drawdowns than those suggested by the type- |

curve. This kind of departure could normally be
indicative of the presence of one or more barrier
boundaries in the vicinity of RRGE 2. Figure 8

suggests that if indeed a2 barrier boundary exists

near RRGE 2, i is equiv valent to an "1mage” well
located at a distance of bHe

an
TIHes the orfective radius of the we;L, owever,
1t 1S possi at . Ramey, personal communi-

[ the observed departure from the type-curve
could have been caused by other factors such as
gradual changes in production rates or commingling
of different producing horizoms.

A semi-log plot of the drawdown data is pre-
sented in Fig. 9. "It is seen from this figure that
the data within the first 800 seconds of production
fall on a fairly well-defined straightline indi-
cating a kH value of about 47,300 millidarcy-feet
and a ¢cH value of 3.0 x 10-2 ft/psi assuming an
effectlve well radius of one foot.
- miRepote from thlS‘flz

plot on thloe arpmEme

e

2.

A log-log plot of the pressure buildup data
is presented in Fig. 10. The buildup plot is of
considerzble interest in gaining am insight as to
whether the reservoir may or may not be fractured
in the vicinity of RRGE 2. is known m
roleum engineering literature that wnen pressure

m— SN S

4

fie third llne segments may indicate the prob-""
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Fig. 10: Short-term production test, RRGE 2:

Log~log plot of build up versus time.
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buildup is plotted on a lgg-lo r
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It is very well
g. 10 that even within the first ten
seconds of shutting down the flow, one fails to
discern the presence of a unit slope or a half-
slope, leading to the inference that for purposes
of overall interpretation, one could effectively
. treat the reservoir as a porous medium.

[ T { { T | | ] | | I ] ] i
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Short-term production test, RRGE 2:
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Semi-log plot of drawdown versus time.
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m = APflog cycle = 4.5 psi = 11.25 ft.

ki = -AL151) (225) (0.18) 49.940 md. fe.
{8.298 x 10°%) {11.25)

CALCULATION OF SKIN EFFECT

»—-» AP, = T77p8 =712 fewt, ocH = B89 x 107

2] . 4

& . L 3 = skin factor = 1.151 - log ¢°::'2w +323 _
301 4 (4.98,940) (144)

17.
= 1,187 l'z—log

% ) 45
= (3231
2 O "“’ = m{0.87)3 = 0.9 psi
“v
E

ffactive well bore radius = r,e® =7 X 6°°

up

Build

{8.89 x 10'?) (0.18) (49)

= 5.56 inches

+3.23

Fig. 11:

A plot of pressure bulldup as a function of
t/te, where tis thewtlme since flow

t T30 : = -iven 1n
1 'TT"'Since We are aware of the p0551ble pres-

ence of barrier boundaries from the drawdown his-
tory, the interpretation of the buildup data is
rendered somewhat difficult. The drawdown data
indicated that the first barrier boundary became
noticgable after about 800 seconds of production.
Figurééi\}ndlcates a pronounced break in slope at
t/t' =6 x 10}, which corresponds to about 900 sec-
onds. Thus for builduf analysis we fit a straight-
line for t/t' > 6 x 10} or t' < 900 seconds and ob-
tain a kH of about 49,900 millidarcy-feet, which is
in reasonable agreement with the kH values indica-
ted by the drawdown data.

Computations in regard to skin effect accor-
ding to the method of Matthews and Russell (1976)

indicate that pressure drop due to skin ef-
%umﬁhm B i T
bl Gl dTawdowm of 37.5 psi and that rhe af-

out 5.6 inches as
ius ot about / inches.

garenole 4 oo

e we 2

ompared with
1S 3o Sl

(2) Long term interference test: The long
term interference test was conducted between Sep-
tember 20 and October 30, 1975, when RRGE 2 was
flowed at a near constant discharge of 400 gpm and
the water pressure changes were monitored in RRGE
1, 4000 feet away, which acted as the observatiom
well. The production on RRGE 2 lasted for 615.5

Short-term production test, RRGE 2:

Pt oY ™

duction from RRGE 2 was 3.6 psi.

102 10!
XBL769-4030

Build up as a.function of log t/t'.

hours, extending from 2230 hours on September 20 to
1400 hours on October 16, 197S.

During the course of the test water pressures
were monitored in RRGE 1, both at the surface and
downhole. The downhole measurements were made with
the downhole gage located at approximately 575 psi.
The static well head pressure was about 150 psi.
The maximum pressure drawdown in RRGE 1 due to pro-
The data gathered
from the two gages are presented in Appendix 2 and
are graphically shown in Plate 2.

The downhole gage was available for use only
for a limited period of time, from September 20
until October 6, 1975. Within this period, the
performance of the downhole instrument was fre-
quently interrupted by leakage of water through the
cable head and consequent instrument malfunction.
Such malfunctions occurred five times between Sep-
tember 20 and October 11, 1975 and on each of these
occasions the instrument had to be removed from the
well, repaired and relowered into the well. Each
time the instrument was removed from its setting
and repositioned, there was a change in the abso-
lute pressures recorded, the magnitude of the shift
being approximately about 1 psi. These shifts are
to be attributed to the sensitivity of the instru-
ment to perturbations in temperature and total pres-
sure. However, these slight changes in absolute
pressures had no effect on the recorded changes in
pressure. It may be noted here that for reservair

interpretation, St=—ts—the pressure diffScantials
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L S el

ROV

(o v O

e

e TN T 23 ey s o

P e T ST e

S,



In prepar1ng the graph of pressure history presen-
- ted in Plate 2, appropriate adjustments were made

all continuity.

: The surface pressure gage was used throughout
! the period of test from September 20 to October 30,
1975. However, continuous recording equipment was
not installed until September 30 and hence only
sparse data.could be collected during the first ten
¢ "days of the test. The pressure transient data at
RRGE 1, relating to the last ten days of the pro-
b " ductien period and the entire buildup to data, were
collected exclusively from the surface instrument.

As seen from Plate 2, both the downhole and

, thg_iyrface data show the efféct of earth tides

te superposed on the pressure transient caused by the

o progocingwell. " For a ‘proper interpretation of -
the interference effects, it was necessary to fll—
ter out the effects of the earth tides. In as much
as qthe correlation between the water pressure data
and the computed variation in gravity is extremely
good (Plate 2), it was possible to eliminate earth
tide offects from the fluid pressure data by’ s. 51mply
considering (for purposes of interpretation)’ only™
the pressure data relating to_those .instants of
time when the computed grav1ty variation was_zero,
“THis procedure was followed in “carrying out the
interpretation of the drawdown and the buildup
data described below.

The interpretation of the drawdown data col-
- lected from the downhole instrument at a depth of
1000 feet is presented in Figs. 12 and 13, The
log-log plot shown in Fig. 12 shows that the data
‘ collected closely match the Theis' type curve dur-'
o ing the first 70 hours of drawdown history, sug-
‘ gesting the following parameters for the large por-

tion of the reservoir between the wells: kH =
10.0 T T
‘% 1.0 -1
a
~ S t= 57 h, tp=1.0
AP = 152 psi Pp = 1.0
. c h2 18 )
Ed = 3.80 ft
o
n
. 3
. o O.i 400) (0.18) (1) -
o 10.298 X 10°%) (3.60)
= 278,000 md. ft. ‘
/ ‘ {4.396 x 10} (228,000) (67 X 60}
gt = 10.18) (400017 (1)
= 119 X 107 fu/psi ‘
- 0.0l ] .
10 4 100 1000 10,000
’f’w Time (hours)
o XBL769-403]
Fig. 12: Long-term interference test: log-log

plot of drawdown versus time for RRGE 1.

B in the aforesaid shifts in order to establish over-

12

7 T T T T T
Line 41 APMog cycle = 1.78 pal « 4,38 fr.
6 Line 21 APflog cycle = 3.58 pil » 0.95 1t
L.t line 1 =20 bee. = 1200 min.
(1.161) (400} (0.18)
5k i (0.208 X 10°*}{4.38) 720,000 md. ft.
by (2.245) 14.306 x_10'%) (228,000} 11200}
3 - oo - s {0.10) uoool'
~ =0.38 X 167 H/pi .. 27
41 ‘ (
c
3z
>
3
o3
© e
D ]
2+
| -
o9 | |
1o} 100 1,000
, ?
Time (hours)
L _ B 'XBL769-4032
Fig. 13: Long-term interference test: Semi-log .

plot of drawdown versus time for RRGE 1.

228,000 millidarcy feet and ¢cH = 1.19 x Lo °”
ft/psi. After about 70 hours; the observed draw-
downs gradually depart from the type curve of
Theis, indicating the presence of a barrier boun-
dary. 1t is further seen from Fig. 12 that the
data points roughly fall between the lines labeled
2Ry and 5Rp suggesting that the barrier boundary
could be treated effectively equivalent to an
"image well" located at a distance of approximately
3Rpy from RRGE 1, where Rp = 4000 ft is the distance
between the producxng well RRCE 2 and the observa-
tion well RRGE 1.° Theoretically, the barrier boun-
dary should coincide with the perpendicular hisec-
tor between the producing well RRGE 2 and the image
well, However, since we only have a two-well sys-
tem, it is impossible to determine the orientation
of the 1mage well with reference to RRGE 1 amd
hence it is not possible to locate the barvier
boundary accurately,

A sémi-log plot of the drawdown data is pre-
sented in Fig. 13. The prominent break in the
slope of the straight line at about 130 hours is
also indicative of the.cffects of a barrier boun-
dary. The early drawdown data in Fig. 9 suggest
the following parameters for the rcserv011 ki =
228,000 millidarcy feet, ¢cH = 9.38 x 10-4 ft/psi.
Calculations based on the slope change after 130
hours suggest that the barrier boundary is equi-
valent to an image well located about 11,000 feet
from RRGE 1 in an unknown direction.

As mentioned carlier, the prcssucguhulldup
data was collected exclusively from the surface in-
bfrument The buildup-data-is-interpretsd graph-
Feally in Figs. 14 and 15. The pressure buildup
values used in the interpretation are corrected
buildup values, arrived at after removing the ef-
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fects of the ornduction well and its image from
phe actlallv 0Dserved imasemi =SSERIETE P Y it 1 B
ponents ot dTawaown due to the production well and
its image were in turn evaluated by extrapolating
the drawdown curve inte the buiidup period.

A comparison of Figs. 14 and 12 and Figs. 15
and 13 indicate reasonable agreement in the reser-
voir behavior observed during production and build-
up. In addition to confirming the presence of a
barrier boundary, the early drawdown datz from Fig.
14 suggest the following reservoir parameters: kH
= 192,800 millidarcy feet; ¢cH = 1,06 x 10-3 ft/psi.
Similarly, the semi-log plot in Fig. 15 indicates,
for the reserveoir, a kH value of 210,000 millidarcy
feet and a ¢cH value of 8.20 x 10-4 ft/psi. Calcu-
lations based on the slope change seen in Fig. 11
indicate that the barrier boundary is effectively
equivalent to an image well located about 8,500
feet away from RRGE 1.

(3) Short term production test, RRGE l: The
short term test on RRGE 1 was conducted between
November 4 and November 7, 1975. After making ob-
servations on background reservoir pressure for
about 18 hours, the well was flowed at an average
discharge of 26.5 gpm for a period of 30 hours
from 0845 hours on November S to 1445 hours om
November 6, 1975. After shutting down flow, pres-
sure buildup was monitored for approximately 19
hours. During the test, the downhole pressure in-
strument was positioned at a depth of 4700 feet
within the well. ‘

) ;

T
e OO e
(8.298 x 10°%) (a5 ma- 1.
(4.398 « 10} {1.928 « 10%) (60} (60) 3
[ O . et 10.18) (40001 1058 « 103 frpn |
—
s wo” [
g
—
gt Pgel &
S IYERT PRI~
® 4.5 it ;
gg | Oba. 4
3
]
Real mage
° Watl L{."
Rg=r/r,
0.1 - y
10 100 ,000
Time (hours)
XBL769-4033

Fig. l4: Long-term interference test: Log-log
plot of build up versus time for RRGE 1.

The pressure data collected during the test
are summarized in Appendix 3 and the time history
of pressure change is graphically presented in
Plate 3. The maximum pressure drawdown at the end

of 30 hours of production was approximately 1.1 psi.

—T
Line 1: APflog eycle = 1.9 pi = 4.75 fr.
Ling 2: APflog cytle = 3.85 psi = 9.63 f.
ty = 19 hrs » 1,140 mins.
[1.151) (400} (8,18)
-— kH w w2t 12000 (0.18) o
- 4= (8.299 x 10%) (a.75)" =10 X 10° md. fr. -
0
a . (2:246) (4.386 X 10%) (2,10 x 10%) (1,140) ,
-~ et 0.18) (490012 ™ 820 X 10% flpu Z

10 to=19 hrs
‘ Time

Fig. 15:
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Long-term interference test: Semi-log plot of build up versus time for RRGE 1.
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{psi})

Drawdown

a (o = —2BEL(0.18) (05
(8.238 x 109} (0.275) -
= 106,500 md. ft
{4.396 x 1071 {104.500) (1}
ook » —"—_—;——
¢ = €0 ssc = 1 min (0.18) (100) (2 )
AP = 0.11 psi = 0.28 f¢ = 2,552 x 102 f/psi (rw = 1 fr)

]
100

1 1
1,000 10,000 100,000
Time ( seconds)

XBLT7E2-4038

Fig. 16: Short-term production test, RRGE 1l: Log-log plot of drawdown versus time.

Drawdown (psi)

!

APAog cyeie = .20 = 0.5 ft
tg @ 0.08 sozg. = 0.001 min,

= (1,181} (285 {0.18)
8.298 x 10°) (0.5)

= 132,300 md. ft
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Short-term production

]
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test, RRGE 1: Semi-log plot of drawdown versus time.
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It can be seen from Plate 3 that throughout
the period of observation the observed pressure
data indicate significant influence of earth tides.
This is to be expected, since the maximum pressure

due to well production is small, being only about
1.1 psi.

The interpretation of the pressure drawdown
data is presented in Figs. 16 and 17. It should
be pointed out here that the significant presence
of earth tide effects has rendered the interpreta-
tion considerably difficult. Since the flow dura-
tion extended only for 30 hours and since during
this 30-hour period zero-gravitational change oc-
curred only twice (at 2200 hours on November S and
0625 hours on November 6) it was not possible to

ea tides.
eliminate the earth tide effects by the same proce-

dure that was employed in the 1nterpretatlon of 1>
the lnterference test. Nop has it been e 8

Tween the tigal
er these condltlons the best that could
be done was to interpret, in an average sense, the
actual observed drawdown data. Thus, it is seen
from Fig. 16 that matching against Theis' type
curve yields a kH value of 105 000 millidarcy feet
and a ¢cH value of 2.56 x 10~2 ft/psi, assuming an
effective well radius of 1 foot. Again, as seen
from Fig. 17, the semi-log plot of the time-draw-
down relation suggests a kH value of 132,000 milli-
darcy feet and a ¢cH value of 7.2 x 10-3 ftr/psi,
assuming an effective well radius of one foot.

Figure 18 is a plot of the buildup pressures
as a function of t/t' where t is the time since
flow started and t' is the time since flow shut
down. It is readily seen from the figure that
there is more than one straight line segment dis-
cernible in the plot and it is difficult to con-
clude the correct one. Computations show that the
first line segment indicates a kH of about 67,500
millidarcy feet, which azppears somewhat low when
compared with the drawdown interpretation. Similar
calculations based on the slope of the second line
segment indicate a kH value of 661,600 millidarcy
feet which seems unreasonably high. The difficul-
ty associated with the interpretation of the build-
up data is to be attributed to the masking effects

(4) Summary of test results: The reservoir
parameters, as computed from the different tests,
are summarized in Table 3. As can be seen from the
table, the long duration interference test has in-
dicated a kH of approximately 225,000 millidarcy
feet and a ¢cH of about 1 x 10-3 for the large por-
tion of the reservoir included between the two
wells RRGE 1 and RRGE 2. If we assume a compressi-
bility value of 1 x 10-5 psi~l for the rock matrix
and an overall porosity of 0.1, then the thickness
of the producing horizon works out to about 1000
feet, which seems reasonable from available geolo-
gical data. This would, in turn, imply an overall
average permeability of about 225 millidarcy for
the reservoir material which is a satisfactory
value.

Q4 T 1
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0.4
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208l1.2 ' ]
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seamo ©
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Line 1: g
APflog cycls = 0.39 psi = 0.98 ft
(1.161) (26.5) (0.18)
o i 22 100w 67500
kH = 5298 x 100 (098 ~ O oo0 md ft
.
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APflog cycle = 0.04 psi = 0,10 ¢
(1.151) (265) (0.18) -
0 e —————— S0
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Fig. 18:

Short-term production test, RRGE 1:

XBL769-4036

Build up as a function of log t/t'.
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Both the short-term tests have indicated
somewhat lower values of kH than the interference
test. The computation of the storage parameter,
¢cH, from the short term tests has been rendered
difficult due to lack of information on the effec-
tive well radius.

The short term test on RRGE 2 has indicated
a fairly low value of kH (= 50,000 millidarcy
feet), probably indicating a region of low permea-
bility close to that well. The short term test on
RRGE 1 has indicated a kH value (= 130,000 milli-
darcy feet) which is much closer to the interfer-
ence test results, indicating that the reservoir
material near that well is much closer toc the over-
all reservoir in respect of permeability.

The interference test has definitely indi-
cated that the reservoir has a barrier boundary
that is effectively equivalent to an image well
located 12,000 feet from RRGE 1. The precise de-
termination of the location of a hydrological boun
dary is a problem of triangulation and hence, with
only two wells available for testing, it is at
present not possible to locate the position of the
boundary.

The short term test on RRGE 2 has also indi-
cated the presence of a barrier boundary (or boun-
daries?) very close to that well, possibly within
a few hundred feet. Whether this boundary is in-
dicative of the Bridge Fault which supposedly lies
close to RRGE 2 at depth, is uncertain. Alterna-
tively, the possibility exists that the departures’
observed from the ideal behavior in the short term’
test data may not be indicative of barrier boundary
effects but may be due to other causes such as
variation of discharge or commingling of different
producing zones.

SUMMARY , CONCLUSIONS AND RECOMMENDATIONS

The Raft River Valley geothermal field is lo-
cated on a faulted graben filled with sediments
ranging in age from Mio-Pliocene (the Salt Lake
formation) to Pleistocene (the Raft River formation)
with a total thickness of about 5000 feet. The
sediments rest on a basement of Adamellite, with
an intervening zone of metamorphic rocks, about 200
feet thick.

The successful geothermal wells, RRGE 1 and
RRGE 2, have indicated that the geothermal reser-
voir occurs at the base of the Salt Lake formation
and that the producing horizon is probably about
1000 feet thick, extending from about 3600 feet
to about 4800 feet. The reservoir temperature is
approximately 294°F (146°C).

Three hydraulic tests were conducted to es-
timate the production parameters of the reserveir.
The primary task of these tests was the careful
and accurate measurement of water pressure changes
in the wells. Towards this end, successful use was
made of a sensitive quartz pressure gage, capable
of an accuracy of 0.0l psi over an absolute pres-
sure range of 0 - 10,000 psi and with a2 temperature
tolerance of up to 300°F. The tests also showed
that a less expensive quartz pressure gage, capa-
ble of measuring only wellhead pressures, provides
a useful alternative to the more expensive down-
hole gage when one is interested only in accurately
monitoring wellhead pressure changes in a shut-in
observation well.

The data collected during the tests have re-
vealed the interesting fact that the reservoir res-
ponds systematically to the small changes in the
earth’s gravitational field induced by the paths

TABLE 3
DRAWDOWN
TEST BUILDUP
Log-log plot Semi-log plot
short term” | & 47,600 47,300 49,900
: md-feet
production
test, RRGE 2 | ¢cH -2 - -2
£t/psi 2.91 x 10 (rw 1fe) 13.03x10°7 (r =1 ft)
o kH 193,000
Long term nd-feet 228,000 228,000 (210,000 by semi-log plot)
interference ——3
test ¢cH -3 -4 1. X -
ft/psi 1.19 x 10 9.38 x 10 (8.20 x 10~4 by semi-log plot)
Short term kH 105,000 132,000 67,500 (?)
- md-feet
production
test, RRGE 1 ¢cH -2 - -3 -
£t/psi 2.56 x 10 (rw 1 ft) 7.2 x 10 (rw 1 £ft)

* - .
This test indicated the possible presence of a barrier boundary in the vicinity of RRGE 2.

*

about 12,000 feet from RRGE 1.

* . .
This test indicated the possible presence of a barrier boundary, equivalent to an image well located
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of the sun and the moon. Appropriate corrections
had to be made for these earth tide effects before
one could interpret the pressure transient data
for the reservoir production parameters.

The long duration interference test has shown
that the geothermal reservoir at the Raft River
site is in general highly transmissible, with a kH
of about 225,000 millidarcy feet. Assuming a total
thickness of 1000 feet for the reservoir, this
suggests an average reservoir permeability of 225
millidarcy. The interference test has alsc shown
that the geothermal reservoir is bounded in some
direction. With only two wells available for
testing, it is not at present possible to precise-
ly locate this boundary.

The short duration production tests indicated
that the reservoir is probably less permeable in
the vicinity of RRGE 2 and that a barrier boundary
(Bridge fault?) may be present within a few hun-
dred feet.of RRGE 2.

The reservoir tests so far conducted have
definitely established that the geothermal reser-
voir in the Raft River valley is fairly extensive
and significantly permeable. The reservoir, there-
fore, merits further exploration. From the point
of 'view of reservoir assessment, an important ques-
tion is that of reservoir geometry. In order to
accurately determine the location of the barrier
boundaries that have been indicated by the tests
so far conducted, it is necessary to have addi-
tional wells. From available geological informa-
tion, a favorable location for a third geothermal
well would be a site one to two miles southéast of
the existing wells, towards the center of the val-
ley.
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APPENDIX 1

RRGE 2 SHORT-TERM TEST DATA.

RAFT RIVER VALLEY GEQTHERMAL FIELD, IDAHO )
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REGE | SMORT~TERY TZST DATA. RAFT A[ /SR VALLEZY GETTHEANAL Flz.0.

1SARG

OATE /7 TIME JFL3w RATE/ QOwANILE/ wELL HEAD/ REWARKS DATE /  TIME JFLOw RATES DOWN=ILE/ NELL +EAD/ 2ZM3RKS
S LGPR) 7 PRESSURS/ PRESSURE/ 7 /  1GPM)} / PRESSURE/ PRESIUAE/
’ ’ 7 iPSTAY 7 (PSla) / / / JoPSIAr 4 teSIA) /
11705/7% 184822 208t.587 11708775 EELERR] 2081.462
11/08/75 06330 2081454+ 11708775 370200 2081,452
11/05/73 086840 20810557 11708773 0¥9100 201,463
11799775 284880 2081.556 11735775 070300 2081 607
LL/0%ITS 036900 2081.622 11705778 090400 2081.439
11/05¢73 284910 2082056 LL/05/7% 9s0s500 208,435
11703/78 054920 2081.5862 11/0%77s 993630 233,424
11705275 084939 2081.538 11708775 090730 2081.411
11/733/7% 084940 2081.537 11/0%/77s 090800 2081.41%
11209773 084990 2081.533 11/058775 390990 2081.417
11705775 383000 2081.532 L1735/78 291000 206L.%15
11735779 083210 2081.330 11705779 4911900 2081 .497
11705/ 75 085020 208L.529 11/05/7% 091200 2081.403 -
11/0%/7% 085030 2081.528 11795/7% 291330 2081,397
11/78 78 0835040 2081.527 11/95/75 391436 2081.398
11/0%/7% 035399 2081.525 11705773 591538 2081.53C
117952713 995153 2081.52% 11/70%/75 51303 2981.530
11735775 385119 2081.521 11/05/75 a91730 2081.431
11705773 085120 2081.517 11705/71% 991800 2081.395%
LL95778 6as5130 2081.515 11/08/75 991920 2081,432
11708775 0851460 2081.515 11/05/15 292030 208,407
1L/38775 285150 2081.5L5 11/05/7% 092100 2081.401
LL/0S/TS 035200 2081.513 11705775 992200 2081.402
11705/75 085210 2081.511 11/95/75 092330 2381,436
11/705/7% 085222 2081.303 11705778 092400 2081 .40l
L1735775 183230 2081.,53) 11/05/75 092500 208t.621
117357175 085240 2081.493 11705778 99260C 2081.4l4
11735778 085250 2081. 451 11/05/7% 092730 2081.412
L1/35/7% 085339 2081.492 . 11705775 092800 2081.408
11705775 085310 2081.693 11708775 092900 2061.398
11/05/7% 085320 2081.474 L1/05/75 993000 2081.377
11705715 085330 2081.497 * 11/05/7S 093100 2081.375
11705773 085340 2081.539 11705/75 093200 2081.379
LL/0S/T5 085350 20a1.500 11/08779 993300 2081.377
117357715 285430 2081.593 11705778 093439 2081 .368
v
11709775 385410 208L.503
11705775 08520 2081.503 11/05/7% 093500 2081.362
11705775 088432 2081. 504 11/05/75 093600 2081.374
11735778 085440 2081.503 11705778 Qe3raa 2081.373
LL/08/75 085450 208L.300 1L/0%/75 093800 2081.372
11/08/78 093930 2991.381
11708775 c85500 2081,497 R
11738773 08551G 2081.502 ' 14/0%/7% 096030 2081.3499
11438/ TS 0as52u 2081.499 L1/708/7% 394129 2081.377
1L/ as77es 2388530 2061.496 11/05/75 094200 2081.368
1L/05/75 35540 2060, 494 11/05/ 718 094300 2081,377
14/35/173 294423 2341.331
11725/75 335553 2081, %94
11733778 985039 208L.e3% 11705778 094500 2081.408
L1/95/75 085610 2081.431 11/08/7% 094620 2081 .406
11705775 28562 2981.431 11/08/75 094700 2081.39¢
11705/7% 08%433 208L.499 . 11/058/75 0964800 081,190
11/0%/7% 094900 2081.389
11705775 035640 2081.588
LL/AS/7S 0855650 2081.485 11708773 995030 2081.372
11705778 085730 20B1.48% 11705775 395192 2081.359
11/05/79% 085719 2081.485 11705778 095200 208L.365
LL/05/78 095720 2061.439 11705778 095390 2081.333
11/08/73 095690 2081.343
11705775 985730 2081.481
11705778 035769 081,479 11795773 299532 2081, 3%2
11705773 085750 2081.478 11705773 095800 2081.339
11795778 085800 2081.472 LL/as%/77% 0957230 2081.229
11738478 085819 2081.471 11/05/78 095839 081,322
11705775 Q95900 2081.320
11705778 ELTH] 2081.471
11/08/75 085830 2081.v6% 11/08/75 100000 2081.320
LL/0%/71s 085840 2081469 11/08/7s 100100 2081.329
11/0%/75 085850 208L.470 11708779 100230 2081.511
11705475 083300 2081.467 11705775 100300 2081.311
11/08/15 100400 2081.306
11708775 085910 2081.466
11/08/7% 385920 2081, 465 11705775 100500 2081306
11/0%/75 085950 2081 .604 11708775 100600 2081.302
11/08/75 085940 2081.665 11/03/7% 100700 2081.300
11735773 085950 2081404 11705/7% 100800 2081.292

11705773 100900 2081.297




46

ARGE L SNOAT=TERM TEST DATA. RAFT 2IVER VALLEY GEQTHERMAL FIELO, (Damg

DATE / © TIME /FLOW RATE/ JOUMHOLES wELL HEAD/ REMARKS
/

Narte 7 TIME /FLdw RATE/s QOWMWOLE/ WELL HEAD/ REMARKS
/ UGPML  / PRESSURE/ PRESSURE/ /

/4 1GPMY} /7 PRESSURE/ PRESSURE/

J ’ 7 ®S1al 7 (ogra) 4 7 7 7 (PSTa) 7 (PSIA) /
1L/06/75 064020 2081.200 1L/06/T% 144319 081,14
11706775 055000 2081.202 11786775 146320 2081.24
11736478 073300 2081,231 11706775 Lae32l 2081.13
11706775 aricgo 2081.108 11706773 146322 208L.13
11796473 072000 2081.212 1L736/75  les323 2081.13
11786778 @73000 2081.213 11706475 Lesdze 2081.16
11406475 074330 081,185 11706775 144323 2001.1s
11706775 79000 2081.225 11/06/75  lee32s 081,14
11/06/7S 080000 2081.29% 11706775 Les327 2081.1¢
11/06/75  geicoo 2051.200 . 11/00/75 144328 2081-14
11466775 062030 2081.162 M/O6/TE 146329 208114
11706475 083030 2081.276 11706775 146330 2081.15
11706775 304033 2081.z08 11/96/75  les3ds 208114
11/06/75  gescoq 2031.214 11706775 les332 2081.13
11706/75 290000 20810197 L1/36/T5 Lee3is 2091.14
11706775 091000 2081.208 11/06/75 19335 2081.14
11706475 392000 2081.245 117064785 146336 2081.14
11736475 g93390 2081.211 11/06/75 146337 2081.14
11/06/7S 094000 2081.245 11706775 lew33s 2381.15
11406775 093330 2381.229 11/06/75 144339 z081.15
11736775 100932 2981.196 1/06/75 Lew3es 208114
11/08/75  {o10d0 2081.215 11/06/75  lés362 2081, 14
11706773 102006 2081257 L1/736/75  lew343 2081.15
11706775 123300 2081.248 10706775 lewlos 208114
11706775 106300 2081.209 L706/75  1es3es 2081.16
11/06/TS 105000 2081.206 LL/06/75  Lesdes 2081.13
11706/75 110000 2081.180 11/06/75  Lewde? 208L.15
11706/75 111000 2081.131 . S 11706775 L4634 2081415
11706775 112000 2081.164 11706/75 146350 2081.15
11/06/75 113000 2081.206 . 11706775 144351 2081.14
11/06/75 114000 2081.267 . L1/06/75 144352 2081.15
11/06/75 115000 2081.208 11736775 144353 2081.15
11/06/75 120000 2081.217 11706775  leedse 208L.13
11/06/75 121000 2081.268 11706775 144355 2081.14
11706778 122000 2081.124 . LI/36/75 14356 2061.15
11/06/7% 123000 . 2081.164 LI06ITS  1eedss 2081016
11706775 124000 2081.166
11706/75 166359 2081.15
11/06/75 125000 2081.139
LL/06/T5  Lesedt 2081.15
11706775 130000 2061.144
11706775 131000 2061.108 v 11706475 Lessol 2081.17
L1706/75 less02 2001.18
1L/06/75 132000 2081.076 11706775 Leneas 2081.15
11/08/75 133300 2081.188 ¢
L7367T5  ledwds 2081.15
11/06/75 134000 2081,18%
11706/75  Lessos 2081.16
11706775 135000 061,188
LL/6/78 142020 2081.122 11706775 1eas07 2081.16
. < 11/06/7% Lobb3s 208,13
11736/75 11003 2081.207 L1/06/75  Leasds 208118
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RAGE 1 SHORT-TERY TEST DATA. RAFT RIVER VALLSY GEOTHERMAL FIELD, 104MT

DATE / TINE /FLIW RATE/ J0uwM™OLE/ wELL MEAD/ REMARKS oate 7/ TiRE /FLOw RATE/ OOWNHOLE/ wELL MEAD/ REWAPKS
7 / UGPM] / PRESSURES PRESSURE/ Y / 1GPMI  / PRESSURE/ PRESSUAEs
’ 7 s 4PSTAY 7 (PSIA} / ’ ’ / (PS1a} 7 (oSiAY 7
11/G6/ 75 164638 2081, 16 11406775 146555 2082.01
11706473 166439 2085.17 11706775 144550 2082.01
1L/0647S 164640 208L.17 117364753 166558 2082.01
11706775 [Pooosy 2081.16 11706475 146559 2682.02
11706473 leassl 208116 11706775 164600 2082.02 '
11706475 166663 208017 1L/06/73 144601 2082.02
11706775 Lodoss 2081.17 11736475 144632 2082,03
L 11706775 Lodiorbls 2001.16 1170675 146403 2082.03
11766775 1o46b7 2081.18 11206775 166504 2082,03
11706475 144667 2081.18 L1/36/75 166636 2082.03
11706779 146668 2391.17 . 11736775 146607 2082.0¢
11/06/7% pRT 2] 2081.17 11704775 1444608 2082.03
1L/06/7S 166450 2081.17 L1/08/7s 166609 2082.33
11706773 144651 2081.17 11706475  le4s10 2082.04
11/06/7% 1465652 2081.17 11706775 lossil 2082.04
L1/06475  LeseSe 2081.17 11706775 166612 2082.064
L1708/73 166458 2081.18 L17006/75 leedle 2082.08
L1706/75  Lessss 2081.17 : 11/06/75 146615 2082.05
11/06/75 146657 208117 11706775 Levats 2082.0%
11706475 144658 2081.17 L1/06/75 lesol? 2082,23%
11706775 164659 2081.17 11706775 166518 % 2082.06
11406473 L46530 2081.17 FLOW SHUT [N, ASSUVE 11706775 164819 2082.05
LERO TIME FOR BUILD UP L1/7086/758 164420 2082.06
11706775 164502 2001.19 Ll/36/75 166622 2082.26
11730473 146533 2081.19 1L70677% Loko23 2082.07
11706773 146304 2081.28 L1/706/78 loss26 2082.06
11/06/75 144505 2081440 11706/75 1446253 2082,07
11/06/79 146506 2081.53 o 1L/06/73 L44626 2082.07
11736775 144507 2081.57 11706773 Lob02T 2082.07
11706/75 144508 2081.58 : 11706775 164628 2082,97
11706775 144510 2061.06 ! 11/06/75 164630 2382.07
11706775 lesSil 2081.67 11706775 14463l 2082.08
LL706/75  Lee512 2081,67 L1706/75 164632 2082,07
L1706/75  le4513 2081, 74 11706/75 144633 2082.08
11706775 1eS14 2081.7% ' 11706475  lessde 2082.09
11706775 146515 2081.73
11/06/75  1eesls 2081178 11/08/75  leeads 208209
L1726/75 144518 208L.79 11/06/75  Less3e 2082.08
11/06/75 144319 2081.80 11/06/73  lesess 2082.09
11736479 144520 2081.83 11706775 Lessd9 2082,09
©OLL206/T8 1eseed 2082,09
11/06/75 L6452 2081.03
11706775 Le4522 2081.85 L1/06/75  Ladoel 2082.99
11706775 LeeS23 2081.86 11706715 L4642 2082.11
11706775 144526 2281.86 1170673 Pospés 2082.09
1736775 526 8L, .
! Lees2 2081.83 LL706/T5  Leksss 2082.0%
11706775 L4527 2081.58
11706/75 146528 2081.88 11/06/75 Lebsor 2082.10
LL/36/75 144529 2081.90 L1/706/75  Lebsss 2082.10
11706/7% 144532 2081.92 tgg:;;g t::;: 5032-10
o : 082.11
11706/75 144531 2081.91 \roesrs reeoso 2082.11
11/06/75 164532 2081.92
11706775 Tse834 2081.94 11706/78  Les652 2082.10
11706773 1lee515 2081.93 11/06/75  Leke5s 2082.11
11706775 164336 2081.56 :gg:x: t:‘g: Zzoaz-u
11736/75 146337 81,9 082,10
2081.93 117Q6/7S 146687 2082.11
11706475 164538 2081.95
11706475 144539 2081.95 11/06/75 Le4658 2082.12
11/06/73 164540 208195 11706775 144659 2082.11
11/06/73 6654z 2081.97 hroerrs  deerss foacniz
11706775 164656, o2 .l
3 2081.97 11/06/75 144703 2082.12
11706475 Lo Sab 2081.97 )
11706/ 75 Lew345 2081,98 il/06/7% 144704 2082.11
L1/06/75  LéetS4s 2081.98 . lross1s 16475 2082.11
LL/06/75 146567 2081.98 ﬁ;g:j;: }';:38: 2082,13
1170647 . ’ 2082,12
5 144568 2081.99 11736775 164708 2082.12
11736715 Lo0553 2082400
11706773 144551 2082.00 11706775 1446710 2082.12
11708775 144552 2082,00 11706775 144711 2082.13
11736775 144553 2082.23 1L/06/75 Lee712 2082.12
11706775 166555 2082 .30 11706773 14e713 2082.13

L1/706/75 leb714 2082.1~




48

RAGE | SHORT-TERM TEST DATA, RAFT RIVEA VALLEY CEOTHERMAL FLELD. [DARD

SATE /  TINE JFLOW RATE/ OOWNWOLE/ WELL NEAN/ AEMARXS 04TE / TINE /FLOM RATE/ DOWNHILE/ WELL HEAD/ REMARKS
‘ 7 UGPM) 7 PRESSURE/ PRESSURE/ ’ 7 (GPM) 7 PRESSURE/ PRESSUPE/
/ i 4 iPst1AY 4 (PStaA) / 7 / /7 tPS1a) /7 (°Siad /
11706775 164715 2082413 11706775 16683s 2082.16
1798/75  L4sTle 2082.13 11706475 164836 2082.17
11706775 1ssTia 2082.13 11706475 Loe838 2082.17
11706775 leeT1s 2002.13 11706775 144839 2082.16
11708775 lew?20 2082.13 11706773 146850 282,17
1L706/73  Les?2y 2082,13 LL/06/T5  Ledsl 2082.17
11706775 LeaT22 2082.16 11706775  1eeds2 2082417
11/06/75  1ea723 2082.13 11706775 Lee8s3 208217
11706778 146726 2082,15 11706778 leaBed 2082.13
11706775 lseT2e 2082.13 . L1/06/73 146848 2082.17
11706775 146727 082,13 11706775 L4k847 2082.17
11706775 14723 2082.13 11/06/75  LeeBed ~ 2082.18
11706778 Lea729 2082.14 11706/75 146849 2332.17
11/06773  La4730 2082.15 L1706/75 44850 2082.16
11/86/78  thal3y 2082, 14 11706778 Lew85) 208217
11706775 LewT32 208216 11/06/75  L4s852 2082.17
11/06/75  L4s734 2082.13 11/06/75  LeedShe 2082.17
11706/75  fes73s 2082.146 11706778 L4855 2082.17
L1/26/75  14s736 2082.14 11706775 144856 2082, 14
11/06/75 144757 2082.14 11736775 144857 2082.17
é
11706775 144738 2082.15 11/06/75  LekdSs 2082.16
11708/75 144739 208215 11/06/75 L4853 2082.17
11706775 losTéa 2062.15 11706775 144930 2082.18
11706475 leeTe 208215 11706775 144902 2082417
11706775 Lesled 2082.15 11706775 144903 2082.17
.
L1/06/75  1leates 2082.15 11706775 144906 2082.18
11706/75  lea7es 2082.15 . LL736775 144905 2382417
LL/06/75  1aeTas 2082.16 11/06/75 144906 2082.15
11706478 leb74? 2082.15 ’ 11706775 Lee907 2082.17
1170675 LedTag 2082.15% - 11706/75 {4938 2082.13
.
11/06/75 14750 2082.16 11706775 Lesd1d 2362.17
10706715 lew751 2082.15 11706775 Laedil 2082.17
11/06/75  ies752 2082.15 11706775 L4s912 2082.12
11706/7% 146753 2082.15 v 11706475 144913 082,17
11706778 LesTSe 2082.16 11706778 Lesdle 2082.17
11706775 1464945 2082.17
11/706/75 164735 2082.16 tlroasts Lt Ioeait
11706775 144756 2082.16
11706775 144918 2082.17
11706775  Les756 2082.16 y 2
11706775 144759 2082016 “11/06/78  Lee9l9 2082.17
11706/75 144800 2082.17 i/0esTs  Leasza 208218
V1706775 Leo80L 208216 11/06/75 194921 2082.17
11706/75 144802 2082.15 L1r06/T8  Leed2z 082,47
11/06/75 144803 208216 11706775 144923 2082.17
- 11/36/75 144926 208218
11706775 L4480s 2082.17 136473 e 5218
11736/7% 144800 002,16 11/00/ Lessze -t
LL/06/T5  leed27 2082.18
11736775 i4kaa? 2082017 oerss  Lesin 108218
11706775 t4es0a 2082.17
11736775 Le#d29 2082.17
11706/78 144809 2082.17
11736775 144930 2082.17
11/06/73  14e812 2082.16
1roerte  peeerd FEPE I 11706775 144931 2082017
11706775 1644932 2082.18
isoe/7s 146812 2082.17 11706775 14493% 2082.18
11706/75  lekBle 2082.17
z 11706775 Lew935 208217
11706775 144815 2082416
11706s73 reasss S 11708/75 (4938 282,18
11706775 14eal? 2382, 16 11/38/75 164937 2082.18
L1/06s75 . . 11706775 lesd3s 082,17
11700r78 . teaaid fg:i_t‘,’ LL/06/75 144939 208217
L1706s78 leasse 000010 11/96/78  Lee949 2082.17
11736/ 7% Lesg22 2082.17 11/26/7% Leedal 2082.18
11706473  laeg23 208217 11706/73 144943 2082.17
11756775 164946 2082.17
L1706/ 7
11/0es7e ::::g; igii’i‘; 11/36/75 LowP%S 2982418
. 11706775 1esSas  « 2082.13
11736775 L6825 2082.17
11/06/75  leed2? 2082.17 11706775 Lekda? 2082.17
11/08/79  L+4a28 2082.10 LL/26/T5  Léw94sd 2982.17
. 11736775 14ds0 208217
T
roarts leogar A 11736775 L~e35L 2082.11
L1/06/75  lesgiz 2082.15 11706775 1ae952 i08z.17
(Lroarts  loesu oaluts 11796/75 4953 2382.17
11706/75  Lsad3e 2082.13 11706775 Lebdse 2082.13

TU, LGP O 1877-701-818




49

RRGE 1 SWORT-TERW TEST OATA. RAFT RIVER vaLLEY GEITWERMAL FIELO, LDAWO

OATE / TIME /FLOw RATE/ OOWANMOLE/ WEL| MELD/ REMARKS DATE /  TIME /FLOw SATE/ DOWNMILE/ WELL HEAD/ REMARKS
/ /  LGPH) / PRESSURE/ PRESSURE/, : / /  (GPR) /7 PRESSURE/ PRESSURE/S
4 / /7 IPSIAY s (PSIAY 7 / / IPSIA) 7 (PSlay ¢/

LL/706/7s L4«99%8 2082.17 T 11706473 152600 20820192
L1/Q6/7% 166956 2082.16 11/06/75% 132700 2082.192
11/706/78 164958 2082.17 ) 11706478 152800 2082.187
11706773 144959 2082.17 LL706/73 152908 2082.199
11706478 15039 208217 14/700/73 153000 2082.193
11736779 163310 206219 11/06/73 154000 2082,171
11706775 163020 2082,17 13706275 155000 2082.228
11/06/75 145030 2082.17 11706/ 73 160000 2082.206
11/06/7$ 165364 2082017 11706475 161000 062,248
11706773 165050 2082,17 11706/73 182000 2082.281
11700773 165100 . 2002.07 11706/7% 163000 2082.286
13706478 16311C 2062.17 18706775 166000 2082.2%¢6
11736775 145120 2082.17 . 11/06/75 165030 2082.254
11706475 145130 2082.18 LL/06/75 170000 2082.264
11706275 165140 2082.18 11706775 171000 2082,258
11706775 145150 2082.19 11/06/7% 172000 2082.276
11/60/73 145200 2062.17 . 11/736/77S 173023 2082.322
11/0647% 145219 2082.16 11706775 174000 2082.317
11708279 165220 . 2082.16 11/7006/75 175000 2082.303
11/08/79 165230 2002.17 . 11736775 180020 2082.338
11766475 165260 2082.16 11706/75 161030 20824301
11/06/7% 103230 2002.15 11/06/78 182000 2082.278
11406773 143300 2082.17 11706778 183000 2082.318
11/06/7% 1465310 2082.16 L1706/ 75 184030 2082.273
11706778 145320 2082.17 11706715 165000 2082.328
L1706/ 79 145330 2082416 11706775 190000 2082.323
11706715 145340 2082.15 11706/ 7% 191060 2082.363
11/06/7% 145350 2082.15 , 11706/ 7% 192030 2082,333
11706775 145400 2082.15 11706775 193000 2082.314
L1708/ 7S 195410 2082016 . 11706/73 194000 2082.333
11/06/75% 145620 2082.17% ' 11708/7% 19%000 2382.362
11726778 165639 2082.1% 11706775 200000 ’ 2082.3%5
11/06/78 Lo5660 2082414 11706775 201000 20824342
11706718 165450 2082414 11706775 202000 2082,305
11796/7% 165500 2082.14 ' 11/08/79% 293000 2082.341

11736775 204030 2082.341
117006/75 143530 2082.15 117067473 205000 . 2082.329
11706773 145600 2082.15 L1/06/7S 210000 2082.292
11/00/75 1499630 2082.17 11/06/75 211030 2062.319
11/06/73% 165700 2082.37 « 11708627% 212000 2082.293
11/06/75% 165730 2082.18

L1/06/7S 213000 2082.317
LL706/7% 145800 2082.18 L17086/775% 214Q00 2082.321
11/06/75% 145830 2082.18 117067175 215000 2082.279
11706775 145900 2082.19 117067175 220000 2082.305
11/06/7% 15930 2082.20 11/06/75% 221000 20082.294
11738/75 153233 2082.122

11706773 222000 2082.289
11/06/75 150100 2082.198 11706778 223000 2082.264
il/708/75 150200 2082,187 11706/75 224000 2082.291
11708778 150300 2082.188 11706779 225000 2082.288
11706778 150400 2082.167 11/706/75 230000 2082.,267
11/06/7% 150530 2082.560

11700773 231000 2082.261
11/06/15 150000 2082.429 LL/06/T5 232000 2082.237
11706773 150700 2082,142 117908778 233000 2082.219
Li/06/78 150830 20824157 11706773 234000 2082.223
LL/06/73 150300 2082.157 11706773 235000 2082.248
L1/04/7S 151000 2082, 1561

11707778 300000 2082.199
117067125 151100 2082.160 11/731/78 Q01000 2082.239
11706775 151200 2082.171 11707778 Q02900 2082.198
11706475 151309 2082.193 11707/77% 303000 2082.228
11/06/7% 151400 2082.192 11731773 0046330 2382.216
11/06/73 151500 208241729 *

t1731/78 0J5223 2082.20%
11706778 151600 2082.191 11707773 QL0000 2082.189
Li/0e/7s 151700 2052.183 L7091/ 011000 2082.179
L1734/ 7S 131830 2082.173 L17Q7/75 912000 2082.201
11/06/78 151900 2082.171 LL/07/7s QL3000 2082.21%
11706775 152000 2082.L67

11707773 014000 2082.237
Lis06s7s 152100 2082.5 06 11707778 Q15000 2082.191
11726/78 182203 2082.1712 LL/Q7/7% 020000 20824243
L1/06/78 152300 2082.181% 11/07/713 Q21000 2082.162
11/06/73 182400 2082.193 11/07771$ 022000

2082.198
i1/06/7% 152500 2082.186
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RRGE L SHORT~-TERR TEST OATA. RAFT RIVER vaLLEY GEQTHERMAL FIELD. (04A3

DATE / TINE /FLOWw RATE/ OOWNMILE/ WELL WEAD/ REMARKS
. / /  (GPM) /7 PRESSURE/ PRESSURE/

¥ / 7 PSIAY 4 (PS1A) /
11/07/75 023000 2082.196
11707778 024030 2082.208
11/07/78 225200 2082.201
11407775 030000 2082,213
1107778 031000 2082, 261
11/07/7% 032000 2382.212
11707473 033000 2082.190
11707775 036030 2082.226
11707775 035000 2082,209
11707779 060000 2082.206
11707775 061000 2002.209
L1/07/78 042000 20624226
LL707/78 043300 2082.255
11707475 064000 2082.280
11707275 045000 2082.26%
11707778 050000 2082.2:7
11707775 951090 2082.27%
11/01/78 952000 2082.299
11/07/7% 253000 2082.303
11797778 354200 2082.308
L1/07/7% 055000 2082.270
11/07/75 060030 2082.311
1L/07/78 061000 2082.299
11707775 062000 2082.282
11237775 063000 2082,308
11707778 064000 ' 208z.327
11701775 065000 2082.312
11707773 070000 2082.313
11707778 071000 2082.330
11707778 ar2000 | 2082.327
LL/0T/ 7S 073000 2082.335
L1/a7778 374300 - 2082.317
11707778 ers030 . 2082.355
117074718 080600 2082.387
/01775 . 081234 2082.361
11707779 082032 N 2082.363
sorr1s 083000 2082.392
11/02/7% 086000 2082.36%
L0777 085000 2082.350
w/arrTs 090000 2082.33%
LL7arss 091000 2082.361
11/01/78 092333 2082.403
ENO JF DATA

333339000.303000000. 000000000, 000953300, ICLTI00039.9900200)3.939909923.933333234.
333323332.332093003.333302000.32237%2303.300000339. 339023903, 303000309, 239230334
LOAD REP, LINK - BKY 6388/7033

FL REQUIRED TO L040 20640

FL RIQUIRED TO Rum 103630
INITIAL TRANSFER 7O COPYLIT - 101

BLOCK ASSIGHALNTS.

(N1 3 AQURES S LENGTR FILE
copPYLT S 1'] #3852 (2]

/Q3YSSoR/ o452 k]

NO® bad2 31 sYsLlie
/Q8C0BUF 7 0523 231

InPUTC w56 117 §YSLis
saLIingnts 5473 1

YTRTC 507 141 SYSuis
/QASAFLG/ L3343 1
/QFILEAQ/ 5172 1Y
/QJOESFL/ 5473 2

QINTRY 5173 $Q SYSLIS
/78135C/ 3245 33

KOBER 8275 1262 SYsSuis

KRAKER 6537 Te? SVYSLi3

QREALST 7805 .23 Srsulia

7532 2% SYSLIS

7558 b §YSLi3

7577 ®3 SYsSLi3

TEe2 133 SYSLI3

TS 12 SYSLI3

169ar 129 SYSLIS

RAEMATK 16680 13 STSLIS




DOWNHOLE PRESSURE, psis
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< Surface Pressure Data
1 BDownhols Pressure Data {=~ 1000 feet dapth)

2. A A.

A
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{09/27/75)
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{10/03/75)

RRGE 1 INTERFERENCE TEST DATA.



DOWNHOLE PRESSURE, psia
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DAYS

RRGE 2 SHORT-TERM TEST DATA. R



PRESSURE GAGE PLATE 1

AT 5200 ft.
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O OCmommo pg
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1 2
‘A. RAFT RAVER VALLEY GEDTHERMAL FIELD, IDAHO
(09/13/75) (69/14/75)
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RAFT RIVER VALLEY GEOTHERMAL FIELD, IDAHO
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DOWNHOLE PRESSURE, psia
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‘DAYS

RRGE 1 SHORT-TERM TEST DOARATA. RAFT R}



PLATE 3

m man

om

2 3 4
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