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1.0 .FINDINGS

The Elko Junior High School well was completed to a depth of
1,971 feet. The well derives ground water primarily from
production zones in fractured siliceous sedimentary rocks
below a depth of approximately 1,959 feet.

Although the well may yield as much as 325 gallons per
minute of ground water at a temperature of 190 F under
conditions of unrestricted discharge, based upon testing
results, the well 1is rated to flow approximately 294 gallons
per minute of 187.25°F ground water under artesian
pressure on a continous basis.

The chemical quality of the ground water derived from the
Junior High School well meets State and Federal Primary
Drinking-Water Standards.

Cooling of the water to 95°F should not result in carbon-
ate and silicate incrustation of heat exchanger wunits or
pipes so long as system pressure is maintained. Although
Stability Indices indicate that corrosion potential is neg-
ligible, the presence of dissolved carbon dioxide, hydrogen
sulfide, and oxygen gases suggest that the water may be
slightly corrosive.

The total dissolved solids (T.D.S.) of the ground water de-
rived from the well exceeds the Nevada Department of Envi-
ronmental Protection standards for direct discharge into the
Humboldt River. Alternative methods of disposal include
injection back into the aquifer, utilization of the water
for irrigation, blending with City of Elko water supplies,
and discharge to infiltration/evaporation ponds.
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2.8 INTRODUCTION

On the basis of the results of a 1,200 feet deep test hole
drilled at the site of the new Elko Junior High School in Jan-
uary and April 1984 a geothermal production well was drilled for
use in space heating. Drilling operations commenced September
13, 1984. The 1,971 feet deep well was completed February 5,
1985. Upon completion the well was subjected to a series of
aquifer stress tests to determine the long-term yield of the
well and the chemical quality of the ground water derived from
the well. This report summarizes the data derived from the

drilling and testing of the well and proposes alternatives for
disposal of the heat-spent ground water.
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3.9 GEOLOGY

Geologic materials in the vicinity of the Elko Junior High
School range from unconsolidated alluvial deposits to sedimen-

tary rocks (Solomon and Moore, 1982). Distribution of the
various geologic units is given in Figure 1. The oldest units
penetrated by the well are members of the Tertiary-aged Elko
Formation (Tet, Tes, Teos, and Tec). The Elko Formation com-

prises several thousand feet of tuff, shale, siltstone, o0il
shale, claystone, conglomerate, dolomite, limestone, and minor
lignite (op. cit.). The Elko Formation does not crop out at the
well site but is present on the opposite side of the Humboldt
River approximately 1.25 miles to the south. It was encountered
in the borehole at a depth of approximately 1,196 feet. Below a
depth of 1,838 feet, the Elko Formation appears to be hydrother-
mally altered (silica replacement) and takes on the appearance
of a quartzite. Alternatively, the well may have bottomed in
Diamond Peak Formation, a Lower Pennsylvanian/ Upper Mississip-
pian-aged quartzitic sandstone. The Diamond Peak Formation is
areally extensive and may be the geothermal reservoir rock in
the vicinity of Elko.

The Elko Formation, in general, exhibits low primary permeabil-
ity and typically yields only small amounts of ground water to
wells. However, where fractured as a result of faulting, it
would be expected to transmit moderate amounts of ground water,
particularly the carbonate members where solution channeling of
fractures could be expected. The Elko Formation 1is transected
by numerous north and northeasterly trending faults south of the
Humboldt River. These faults likely extend north of the river
beneath the well site and promote circulation of the hot water
from depth.

The Elko Formation is overlain by Tertiary-aged Indian Well
Formation (Tiw) and Tertiary-aged sedimentary deposits (Ts).
These may have been penetrated in the borehole between depths of
608 and 1,196 feet. They comprise volcaniclastic sedimentary
rocks, tuff, siltstone and sandstone (op. cit.). They are not
easily distinquished from each other or from clay, silt, and
sand in the form of drill cuttings. These materials are essen-
tially non-water-bearing and are virtually impermeable. They
are significant in that they naturally serve to thermally and
hydraulically isolate the geothermal aquifer from the shallower
cold-water aquifer.

WILLIAM E. NORK, Inc.

Reno, Nevada 89503



¥l

1
- !

T B fley T
" BLKO GOLONY . - Z\A ¥
GSERVATION | . |
kW, v - : . |

P e
e

"WELL SITE @ -

TE . N
: ‘ - (007X

T : : _
- " eUNTY - =
\,\- © (GFAIRGROUNDS ,

oV

s l[ Ay

LR
y bR
S

‘Water Tan

—

PRLKO .
Pacte WY,
"o Cirthouse® /L 2
Orge e £
Al SR

% it

Vs EY]
swage S 4
sposal Plant "%

‘-—"J-....tl.l"'.- wa[vaee

SCALE =
1 inch = 2000 feet

LEGEND

Qal Alluvium

£ Qhs Hot spring deposits
G Qf  Alluvial fill deposits
E Qg Older alluvium
Ts Sedimentary deposits
> Tiw Indian Well Formation
E ELKO FORMATION
E Tet Tuff, shale, and siltstone member
||_

Tes Siltstone and oil shale member
Teos OQil shale member

Fault, dashed where approximate,
dotted where buried: ball on
downthrown side

Contact, dashed where approximate

(Ref.: USGS OPEN FILE REPORTS
MF-1410 and MF~1421)

Figure 1. Geology in the vicinity of the
Elko Junior High School.



The Tertiary-aged rocks are overlain by Recent-aged (Quaternary)
alluvial deposits. Poorly consolidated silt, sand and gravel
(Qg) comprise the benches north and south of the Humboldt River.
Elsewhere they are as thick as 225 feet (op. cit.) but were not

penetrated by the well. Approximately 600 ~feet of alluvium
comprising clay, silt, sand, and gravel (Qal) was penetrated by
the well bore. The alluvium, can be expected to yield moderate

amounts of ground water to wells and has been exploited as the
major source of municipal water supply to the City of Elko.

Direct geologic evidence for the resource at the school was
sparse. Potential reservoir rocks were not visible at the
surface and their  presence 1is obscured by several hundred to

more than 1,000 feet of younger geologic deposits. Likewise,
expressions of the structure which might control the occurence
and magnitude of the resource were also masked. Based on a

detailed description of the stratigraphy and structure from the
literature, it was reasonably certain that suitable reservoir
rocks were present at depth below the site. The depth of these
materials, however, was uncertain due to fairly complex geologic
structure resulting from numerous faults. Although the faulting
made prediction of the depth to the reservoir uncertain, it vir-
tually assured high secondary permeability and a potentially
significant heat flow once the source was penetrated.

A thermal survey of the Elko area (Butterfield, 1977) indicated
thermal anomolies in the alluvium throughout the Elko area. In
the vicinity of the Junior High School, the survey indicated a
thermal low. This suggested that the reservoir materials were
probably displaced vertically downward and were isolated from
the shallow alluvial aquifer by a significant thickness of geo-
logic materials with low thermal and hydraulic conductivities.
It follows that if the resource were encountered at depth, the
hot water would be expected to flow under artesian pressure and
that the water could be hotter than areas exhibiting thermal
highs where significant heat was being 1lost to the shallow
aquifer. Drilling results tended to confirm this hypothesis.
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4.9 WELL CONSTRUCTION

4.1 CHRONOLOGIC SUMMARY

Construction of the production :well commenced September 13, 1984
by Paul Williams and Sons, a Reno, Nevada-based drilling com-
pany. A brief chronology of the drilling is presented below.

9/13/84 Drilling of the well commenced.

10/08/84 Drilling of the 17 1/2-inch diameter bore hole to
a depth of 1,347.5 feet was completed.

10/09/84 Installation of 18 3/4-inch 0.D. casing commenced.

10/12/84 Installation of 10 3/4-inch 0.D. casing to a depth
of 1,347.5 feet was completed.

190/14/84 Installation of neat cement and bentonite seal in
the annular space between 18 3/4-inch 0.D. casing
and formation walls commenced.

19/16/84 Installation of the seal in the annular space was
completed.

10/23/84 Drilling of a nominal 1@-inch diameter borehole
below a depth of 1,347.5 feet commenced.

19/25/84 Drilling of a nominal 1@-inch diameter borehole to
a depth of 1,510 feet was completed.

19/27/84 Geophysical logging (SP, resistivity, and temper-
ature) was conducted.

11/01/84 Second temperature survey performed.

11/92/84 Drilling of a nominal 10-inch diameter borehole
below a depth of 1,510 feet commenced.

11/11/84 Drilling of a nominal 1@-inch diameter borehole to
a depth of 1,801 feet was completed.

11/14/84 Installation of 8 5/8-inch diameter casing com-

menced .
|

11/16/84 The 8 5/8-inch diameter casing string stopped at a

depth of 1,690 feet.

WILLIAM E. NORK, Inc.
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11/22/84

12/04/84

12/11/84

12/12/84

12/15/84

12/17/84

12/18/84

12/22/84

12/31/84

1/83/85

1/987/85

1/@8/85

1/89/85

1/11/85

1/18/85

1/22/85

1/23/85

Attempts to drive the 8 5/8-inch 0.D. casing
string to the bottom of the borehole commenced.

The 8 5/8-inch 0.D. casing met refusal at a depth
of 1,665.5 feet.

A 6 5/8-inch 0.D..casing string was installed in
the well.

Attempts to drive the 6 5/8-inch 0.D. casing to
the bottom of the hole commenced.

The 6 5/8-inch 0.D. casing met refusal at a depth
of 1,687 feet.

Attempts to pull the 6 5/8-inch 0.D. casing from
the hole commenced.

Plan to pull 6 5/8-inch 0.D. casing was abandoned.

Re-drilling of the hole below a depth of 1,685
feet commenced.

Drilling of the nominal 6-inch diameter borehole
to a depth of 1,827 feet and under-reaming the
hole to a depth of 1,800 feet was completed.

The 6 5/8-inch diameter casing was driven to a
depth of 1,701 feet.

A bailer test .to provide an estimate of the well
yield at this stage of completion was performed.

A temperature log of the borehole to a depth of
1,800 feet was performed.

Operations to retrieve the 6 5/8-inch 0.D. casing
commenced .

Retrieval of the 6 5/8-inch 0.D. casing was com-
pleted.

The 8 5/8-inch 0.D. casing was perforated in place
opposite potential water-bearing horizons.

A heat-flow test to determine the heat outbut of
the well was performed.

Drilling a nominal 8-inch diameter borehole below

a depth of 1,827 feet commenced.

WILLIAM E. NORK, Inc.
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1/28/85 Drilling the nominal 8-inch diameter borehole to a
depth of 1,876 feet was completed.

1/29/85 The 6 5/8-inch 0.D. casing was reinstalled to a
depth of 1,876 feet.

1/30/85 Drilling a nominal 6-inch diameter borehole below
a depth of 1,876 feet commenced.

2/04/85 Drilling operations were terminated at a depth of
1,971 feet.

At the time drilling operations were terminated on February 4,
1985, the well was flowing approximately 30@ gallons per minute
or more of ground water with a temperature of at least 190°F.
A log of the formation materials penetrated by the well is
presented in Appendix A.

4.2 TEMPERATURE SURVEYS

The production well was drilled on the premise that ground water
with temperatures greater than 170 F could be derived from the
geologic materials beneath the well site below a depth of 1,100
feet. This was based on a temperature survey of the test hole
conducted April 3¢, 1984.

The production well was logged on three occasions at various
stages of completion to assess its heat- and ground-water yield
potential. The first log of the production well was run October
27, 1984 at which time the well was 1,510 feet deep and after an
equilibration time of approximately 3@ hours. The results indi-
cated a Dbottom-hole temperature of 147.5 F. This was nearly
30 degrees less than the April 30, 1984 log of the test hole and
was interpreted as indicative of the low thermal and hydraulic
conductivity formation materials = penetrated thus far. The
fluids 1in the well bore were allowed to equilibrate an addition-
al four days and a second temperature survey performed November
1. This log yielded a genegal increase 1in temperature of the
fluid in the well of 10 to 20 F. These data tended to confirm
the interpretgtion that formation water temperatures could be as
high as 170 F or more but low thermal and hydraulic conductiv-
ities of the formation required longer equilibration times to
yield accurate results. The surveys suggested that the well
would need to be deepened below a depth of 1,518 feet to pene-
trate sufficiently permeable strata to insure a yield capable of
meeting the heat flow demand of the Junior High School. The
third and final temperature survey was conducted January 8, 1985
at which time the well was 1,827 feet deep. The day before the

WILLIAM E. NORK, Inc.
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survey, a bailer test had been performed in the well (Section
Bied) s Bailing resulted in formation waters entering the well
bore and as a result the survey yielded temperatures represent-
ative of true formation water temperature despite an equilibra-
tion timeoof only 12 hours. The maximum temperature recorded
was 195.5°F, and suggested _bottom-hole (1,827 feet depth)

temperatures in excess of 200.F. However, the permeability of
the formation was still insufficient to meet the heat flow
demand of the school. For this reason the well was deepened to

its ultimate depth of 1,971 feet.

The temperature logs are provided in Appendix B.

4.3 WELL CONSTRUCTION

The well was constructed to isolate the production zones from
the shallow, alluvial, cold water aquifer exploited by the City
of Elko for its municipal water supply. This was accomplished
by installing blank casing down to a depth of 1,347.5 feet and
sealing the annulus with a neat cement and bentonite slurry.
The seal was pumped under pressure from the bottom of the casing
to land surface.

The major geothermal water production =zone is fractured quartz-
ite or silicified siltstone below a depth of 1,950 feet. Small
amounts of geothermal water are derived from fractured shale and
claystone above this depth. The production zone was completed
open hole to minimize well losses and maximize the artesian flow
from the well.

Well construction details and a 1log of formation materials
penetrated are illustrated in Figure 2. Additional construction
details are listed below.

Casing Schedule

Depth interval Remarks
g-1,347.5 Blank 16 3/4-inch 0.D. X @.25@-inch
wall thickness steel well casing,

specification ASTM A 53B

1,205-1,666 8 5/8-inch 0.D. X @.250-inch wall
thickness steel well casing, specifica-
tion ASTM A 53B: double factory mill
slot perforations 1,405 to 1,425; 1,525
to 1,585; and 1,645 to 1,665 feet and
in-situ perforations 1,425 +to 1,435 and

1,620 to 1,645 feet depth

WILLIAM E. NORK, Inc.
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CONSTRUCTION

..

N

10 3/4" 0.D.
0.250" blank
steel casing

P

neat cement/
bentonite seal

drive shoe

8 5/8" 0.D.

0.250" steel ]
casing

17 174" g—

NSNS

NS

perforations

- A

drive shoes (2) —/X

6 5/8" 0.D.
0.280" wall
steel casing

Y e T2

drive shoe

Depth
(feet)

200

400

600

800

1000

1200

1347.5
1400

1600

1666

1800
1876

1971

LITHOLOGIC

COLUMN

Sandy clay with
minor gravel

Clay with
minor gravel

Small gravel
with minor clay

RECENT ALLUVIUM

Sand & gravel
with minor clay

Clay with thin
sand beds

SEDMENTARY DEPOSITS

_/S_welling clay

/0—H shalo with
mi

nor lignite

“Sandstone with
minor shale

~Quartz-biotite

_t,la stone
calcareous)
Mudstone

tuff

Thin bedded

ELKO FORMATION

shale &
claystone

Siltstone

= & shaley

limestone

1 Bedded

sandstonge &
claystone

silicified Be-
sillstone o¥
or quartzite Z5Z
w/ minor <o
shale o

REMARKS

- or
INDIAN WELL FORMATION

Artesian flow started

Artesian flow =0.25 gpm

Artesian flow 220 gpm

Artesian flow > 200 gpm

Figure 2. Elko Junior High School well construction and
lithologic log



1,660-1,876 6 5/8-inch 0.D. x @.28@-inch wall
thickness steel well casing, specifica-
tion ASTM A 53B: double factory mill

slot perforations 1,669 to 1,869 feet
depth

The well head was completed with a 1@-inch diameter flange at a
depth of approximately 4.5 feet below land surface and equipped

with a 1@-inch diameter gate valve to control the artesian

flow. Shut-in pressure upon completion of well construction was
measured at 25 p.s.i.g.

-11-

WILLIAM E. NORK, Inc.

Reno, Nevada 89503



5.0 AQUIFER TESTING

5.1 BAILER TEST

A bailer test was performed January 8, 1985 to evaluate the
yield potential of the well as completed to a depth of 1,827
feet. The well was bailed for approximately 30 minutes with a
78 gallon bailer (average rate of 38 gpm). The results were
analyzed by a method derived by Skibitzke (1958) and yielded a
value of transmissivity of less than 100 gpd/ft. This low value
indicated that the well, at this stage of completion, could not
meet the minumum heat-flow requirement of 45 gpm of 170°F
ground water necessary to heat the Junior High School.

5.2 HEAT-FLOW TEST

On January 22, 1985 a test which would simulate the withdrawal
of heat from the well from a down-the-hole-heat exchanger was
performed. This was accomplished by circulating a known wvolume
of water down a pipe installed in the well and recording the
increase in water temperature at the surface. The heat output of
a down-the-hole heat exchanger was calculated and summarized in
Table 1 below.

Table 1. Junior High School Well heat-flow test results (well
depth of 1,827 feet).

Flow rate Duration Temperature Temperature BTU
(gpm) (minutes) %n ’ ogt
(~F) (7F)
24 £10] 62.6 86.0 1 x 186
42 960 62.6 77.9 3.3 x 10°

The test reults indicated that the amount of heat generated from
the well from a down-the-hole heat exchanger would be insuffici-
ent to meet the heat demand of the school. As a consequence,
the well was deepened below a depth 1,827 feet. '

5.3 AQUIFER STRESS TESTS
Aquifer stress tests were conducted February 8 through 11, 1985.
The testing sequence consisted of a l12-hour step-drawdown test

and a 48-hour constant-head flow test followed by 24 hours of
(monitored) recovery. Pumping of the well was unnecessary due

WILLIAM E. NORK, Inc.
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to the flowing artesian conditions in the aquifer at this
locale. Results of the tests are summarized below.

Step-drawdown Test

The step-drawdown test consisted of four steps of three hours
duration each. Flow rates ranged from 165 gallons per minute
(gpm) to 294 gpm. Testing commenced at 1200 hours 2/8/85.
Shut-in (static) pressure at the start of the test was 25.5
p.-s.i.qg.

Table 2. Elko Junior High School Well step-drawdown test
results.

Step Duration Flow Rate Tempgrature Drawdown

(minutes) (gpm) (7F) (p.8.1i.97)
I 189 165 177.8 1.25
LT 180 200 183.2 725
IE1 180 250 185.@ 14.50
Iv 180 294 185.7 22.8

The results indicate that the temperature of the discharge
increases as flow from the well increases. Conversely, temper-
ature of the discharge0 of the well: will be less than the
observed maximum of 185.7 F at lower flow rates.

Pressure 1in the well recovered almost instantaneously after
shutting the valve and was 36 p.s.i.g. within one hour after
conclusion of the test. A portion of this increase in head is
attributed to development of the well during the test.

Constant-Head Flow test

Based on the results of the step-drawdown test a 48-hour dura-
tion constant-head flow test was performed. Testing commenced
1180 hours 2/9/85. Shut-in pressure prior to the start of the
test was 30.75 p.s.i.g. Flow varied from 273 gpm 8f 63.5°C
temperature water (2,236 pounds per minuteO at 146.3 F) at the
start of the test to 294 gpm_of 86.25 C temperature water
(2,373 pounds per minute at 187.25 F) after six hours and re-
mained essentially constant for the remainder of the test. The
maximum discharge of the well 1is somewhat higher than the 294
gpm observed during the test and may be as high as 325 gpm.
Back pressure caused by the flow-metering device is responsible
for the slightly lower observed flow 0rate. At this higher flow
rate the temperature will approach 190 F. Test data are given
in Figure 3 and tabulated in Appendix C.

—T
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Shut-in (recovery) pressure was monitored for a period of 24
hours after the conclusion of the flow test. Artesian pressure
recovered almost instantaneously and was 38.75 p.s.i.g. (109 per
cent recovery) at the end of this period.

Detailed examination of the test data suggest that a flow rate
of 294 gpm was insufficient to.stress the aquifer. This inabil-
ity to stress the aquifer precluded a determination of the
aquifer transmissivity (the overall ability of the aquifer to
transmit ground water). Suffice it to say that the transmissiv-
ity of the aquifer must be extraordinarily large for this to
occur at a flow rate of 294 gpm. In addition, the coefficient
of storage could not be determined due to the absense of a
suitable observation well. The cost of drilling an observation
well solely for this test was out of the question in terms of
cost and time. Nonetheless, testing results suggest a very sub-
stantial resource well in excess of the demand which will be
placed upon it by the District's heating system alone.

Water samples for chemical analysis were collected after six, 24
and 48 hours of testing. Results of the analyses are discussed
in Section 6.4.

Because stress tests conducted to date have not defined the
hydraulic characteristics of the aquifer, development of the
resource beyond that contemplated by the District should include
detailed aquifer stress tests complete with multiple observation
wells. These tests will allow for rational development of the
geothermal resource without risking over-exploitation.

5.4 LONG-TERM YIELD OF THE WELL

Testing results indicate that tge well can be expected to yield
approximately 294 gpm of 86.25°C water (2,348 pounds per min-
ute at 187.25"F) on a sustained basis virtually indefinitely
under flowing artesian conditions. This translates to more than
15,000,000 BTU's of heat per hour available for space-heating
and other purposes.

The average demand of the district space-heating system is esti-
mated at approximately 150 gpm with peak flows approaching 290

gpm (Petty, 1985). At this low average flow rate, the well will
not apply a significant stress to the aquifer.

-
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6.0 WATER CHEMISTRY

6.1 WATER QUALITY

Water samples for chemical analysis were collected from the well
discharge after 6, 24, and 48 hours of testing. Results of the
chemical analyses are listed in Table 3. Examination of the
data shows that with the exception of iron, the water meets all
State and Federal Primary and Secondary Drinking Water Stan-
dards. The recommended Secondary Standard for iron is 0.3 mg/l
and the acceptable Secondary Standard is ©.6 mg/l. The water
derived from the production well contained 1.81 mg/l. High
levels of iron do not constitute a health hazard, but may cause
staining of plumbing fixtures and clothing. The water may be
classified as a very hard, sodium bicarbonate water. Softening
may be required for some domestic uses if it were to be used di-
rectly for in-the-home use. Figure 4 compares the water derived
from the well with average chemistry of Elko's municipal water
and water derived from the Elko Heat well.

Gas was observed escaping from the discharge during the flow
tests. Analyses results indicate that the water contains carbon
dioxide gas at a very low partial pressure suggesting the pres-
ence of other gases. Analyses also indicate the presence of
hydrogen sulfide gas (detected in the field) and dissolved
oxygen. The quantity of dissolved oxygen is anomolously high -
higher than that which can be dissolved in the water at 86 C
- so it is unlikely that the oxygen became entrained in the
sample during collection. Also, hydrogen sulfide gas and dis-
solved oxygen are not normally’ found together in ground water.
This incongruity suggests that water charged with dissolved
oxygen picked up the hydrogen sulfide enroute to the surface and
was discharged before it could equilibrate. The oxidation of
the H,S in the sample containers appears to have caused the
sligh% difference between field and laboratory pH.

The water does not meet standards for direct discharge into the
Humboldt River set by the ©Nevada Division of Environmental
Protection (refer to Table 3). Specifically the water exceeds
the standard for temperature, TDS, pH, and BOD even though it
meets drinking water standards (except for iron). Alternative
methods of disposal are discussed in Section 7.

6.2 INCRUSTATION AND CORROSION POTENTIAL
The potential for silicate and carbonate mineral incrustation of

pipes and the heat exchanger was examined using the WATEQ
computer program. At 86 C the water is undersaturated with

WILLIAM E. NORK, Inc.
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Table 3. Water chemistry data, Elko Junior High School well

Sample No. 324-1 324-2 324-3 Drinking Discharge
Date 2/89/85 2/19/85 2/11/85 Water Standard
Time 1709 1109 1945 Standard
Temperature (°C) 85.75 86.25 86.25 19
E.C. (lab) 1,150 1,150 290
pH (field) 7.9 6.6 6.7 7-9
pH (lab) 6.45 6.50 7.80
TDS 750 748 654 1,000 320
Suspended solids 11.0 ' 80
BOD 1.0 3
DO ' 65 >5
Hardness (CaCo.) 188 202 208
Fecal collifor% <2 100
Ca 57 58 68.9
Mg 10.10 10.20 12.50 150
Na 248 245 180 8
K 36.60 36.00 36.59
Fe 1.81
Mn ?.083
HC03 485.60 495.30 500 .20
cg <@.01 <@.01 <@.d1
5034 76 76 71 500
cl 15.09 15.98 18.0 4009 18
NO3 (as N) g.92 2.92 g.33 45 1.9
F 1.83 - 2.01 1.86 1.4-2.4
PO4 g.02 @.35
As 7.003 g.05
Ba @.25 1.9
B @.986
cd <@.0019 g.091
85 <@.001 g.05
Cu <@.d1 1.9
Pb <@.001 .05
Hg 0.902
Se <@.001 2.01
Ag <@.001 @.05
Zn g.939 5.0
Siﬁ2 76.0 76.0 77 .89
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respect to to calcium carbonate. As the water is cooled it
becomes less saturated with calcium carbonate (Figure 5), reduc-
ing the potential for carbonate incrustation so long as pressure
is maintained and carbon dioxide gas is not allowed to escape.
Maintaining pressure in the system will prevent the release of
carbon dioxide gas and a concomitant increase in pH which
results in a decrease in the solubility of calcium carbonate.

At 86°C the water is undersaturated with respect to amorphous
silica (the most common silica incrustation) and saturated with

respect to chalcedony. Cooling the water down to 35 °C causes
it to become supersaturated with chalcedony and saturated with
respect to cristobalite. However, reaction times for these

minera%s are so slow that deposition should not pose a problem.
At 35°C the water remains undersaturated with amorphous silica
(Figure 6). It is thereforg recomgended that the water not be
cooled sustantially below 35°C (95 F) to reduce the poten-
tial for silica deposition within the system.

The incrustation/corrosion potential of the water was also
investigated using Ryznar's stability index (Ryznar, 1944). The
stability index was calculated to be 6.4 . Empirical studies
(op. cit.) indicated that for the range of approximately 6.2 to
7.0 waters were generally neither corrosive nor incrusting.

The corrosive potential of water is increased by the presence of
hydrogen sulfide gas, elevated temperature, dissolved oxygen,

and dissolved carbon dioxide gas. Since all of these are
present in waters derived from the Junior High School well, the
potential for corrosion must be assumed to exist. Consequently,

heat exchanger units and pipes which come into direct contact
with the geothermal waters should be constructed of corrosion-
resistant materials.

6.3 GEOTHERMOMETER EVALUATION

Reservoir temperatures were calculated using techniques devel-

oped by Fournier (1977) and Fournier and Potter (1979). Only
those geothermometers which tend to give the most reliable
results for 1low to moderate-temperature reservoirs (EG&G and

LBL, 1982) were calculated. Results are summarized in Table 4.

e
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FIGURE 5. Calcite stability for the Elko Junior High School Well

-20-



(C)

TEMPERATURE

1.0

100.0 I I I
A - CHALCEDOGNY
B - CRISTOBALITE
C - AMORPHOUS SILICH
80.0 ' b
C --B\?
\
80.0 o
70.0 | ¢ B ~
60.0 "
50. 0 | ¢ B —
40.0 oy
| C AB
| L |
30."010 0 ""0. 5 0- 00 5
log SATURATIAN INDEX
FIGURE 6. Silica stability for the Elko Junior High School Well

-921-



Table 4. Geothermometer analysis results.

Geothermometer Temperature
(°c)
Quartz 123.6
Chalcedony ‘ 96.9
Na-K-Ca 126.0
Na-K-Ca (corrected) 86.5

These results yield values for reservoir temperature somewhat
higher than those for the geothermal aquifer from wells and
springs west of Elko (Lattin and Hoppe, 1983 and Garside and

Schilling, 1979) and suggest a general increase in temperature
from west to east.
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7.8 FLUID DISPOSAL ALTERNATIVES

There are at least five alternatives for disposal of the heat-
spent water. These are:

1. Injection of the water back into the geothermal aquifer.
2. Discharge of the water directly into the Humboldt River.
3. Using the water for irrigation purposes.

4. Mixing the geothermal waters with City water and augmenting
the municipal water supply.

5. Disposal via infiltration ponds near the Humboldt River.

The first alternative 1is undesireable due to high capital and
operating costs. An injection well which allows for disposal of
the fluid in the same horizon from which it was extracted would
have to be constructed at a cost close to that of the production
well. Pumping of the fluid would be required to overcome arte-
sian pressure of the aquifer in order to inject the fluid back
into the production zone in compliance with Nevada DEP regula-

tions. The only desireable result is that of maintaining the
artesian pressure of the aquifer. Note: Injection of water is
demanded under non-consumptive use permit conditions. The Elko

Jr. H.S. well enjoys a consumptive use permit and injection is,
therefore, not required.

The second alternative is nearly as unattractive as the first.
The water does not meet discharge criteria for the Humboldt
River set by the Nevada Division of Environmental Protection

(NDEP). Costly treatment such as reverse osmosis is necessary
to reduce the level of total dissolved solids to meet the stan-
dard. In addition, discharge of the water into the Humboldt

River and eventual evapotranspiration seems wasteful in a water-
deficient state such as Nevada even though space heating is
considered a beneficial use of the resource.

The third alternative 1s attractive Dbecause the water is avail-

able for an additional beneficial use - irrigation - after the
heat is extracted. The water is suitable for irrigation pur-
poses without any treatment. A disadvantage with this alterna-

tive is storage of the fluid during the heating (non-irrigation)
season. The amount of water generated could exceed 200 to 300
acre-feet per year depending on the heat demand during the
season. The cost of the storage facility may have to be includ-
ed in the overall system cost if the water cannot be stored in

WILLIAM E. NORK, Inc.
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existing facilities. Potential users of this water are the golf
course (City of Elko), plant science departments of the high
school or junior college, and the Elko County Fairgrounds.

The fourth alternative is attractive and feasible. The heat-
spent water may be used to augment the City of Elko municipal
water supply system as is the case for Wells, Nevada. The water
meets all State and Federal Primary and Secondary Drinking-Water
Standards with the exception of iron. Blending of the city and
Junior High School well waters was analyzed using the PHREEQE
computer program (INTERA, 1983). The effects of mixing average
Elko municipal water (Lattin and Hoppe, 1983) with geothermal
ground water cooled to 35°C are summarized below.

1. Iron level. A blend of 7@ per cent city water and 30 per
cent geothermal water will reduce the concentration of iron
to the secondary standard (@.6 mg/l). However, iron stain-
ing of clothing and plumbing fixtures may still occur. Re-
moval of the iron by chlorination and filtration should
reduce the potential for staining and have the added benefit
of oxidizing the dissolved hydrogen sulfide gas, thereby
removing any objectionable odor.

2. pH. The values will remain within the range for city water
(7.74) and geothermal water (6.7) (Figure 7).

3. Hardness. Both the city water and the geothermal water are
very hard (hardness as CaCo > 200 mg/l). Blending the
waters will have negligible afféct on hardness.

4. Corrosion potential. Ryznar Index ranges from 6.8 for pure
city water to 6.4 for pure geothermal water. Blending the
waters will result in stability indices between 6.4 and 7.0
suggesting no change in corrosion or calcite incrustation

potential.
5. gncrustation potential. For mixtures of city water (at 15
C) and cooled geothermal water (35 C) of Dbetween 10 and
=77 per cent city water, the blend will be undersaturated
with with respect to calcite (Figure 8). For blends less
than 70 per cent city water, the mixture is oversaturated
with iron carbonate. However, iron removal suggested in

number 1 agove will remedy this. Heating the mixtures of
water to 140 F for domestic hot water increases saturation
with respect to calcite and siderite (Figure 9) but the
potential for precipitation does not appear to be any
greater than that which exists for city water alone.

Even though these results appear to be favorable, it is recom-
mended that they be verified by performing bench tests for a

wide range of mixing ratios.
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The fifth alternative 1is to dispose of the water via infil-
tration ponds near the Humboldt River. The heat-spent water
will cool further in the ponds; infiltrate the shallow, highly
permeable alluvium; and ultimately enter the river. Because the
water will not be discharged directly into the river, the DEP
discharge standards are not applicable to this diffuse source.
Inherent in this method are costs to operate and maintain the
ponds. These costs however will be significanlty less than the
cost of operating and maintaining an injection well system.

Gy
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