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Department of Energy ' '
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Geothermal-Reservoir Assessment Case History
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Final Report
Dear Joe:

Pursuant to your Tetter to R.R. ~Loux regarding the final report on
, Tuscarora A

'1, The Temperature grad1ent of 2 5580C/km reported on page 17 is
- ~correct. :

2. Table II now will fo]]ow its reference on page 30 (see enclosed
' corrected pages 30, 31, 32, and 33). '

3. (a) We11 comp]etlon schemat1c has been 1nc1uded (page 35).
(b) Logging h1story for 66-5 has been 1nc1uded'(page 36)

(c) A generalized strat1graph1c sect1on for well 66 5 has been
inctuded (page 38). :
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Mr. Joseph N. Fiore : S _ Sebtember 10, 1981
DOE/Las Vegas, NV~ _ “.~ _ ‘ vPage 2 '

'A1so, a corrected Table of Contents and Tab]e of I]]ustrat1ons has been
included. . . _

Sincerely,

AMAX EX LORATIO

H. D. P11k1ngton :
Chief Geologist, Geothermal Branch

"HDP/c -

Encl: as statéd

" cc/encl: Dennis-Nie]sonb///f

A. W. Wells
H. J. Olson
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suggests some aquifers contained mixed thermal and meteoric waters and
others may'have had direct communication with the conduits feeding the hot

springs.
Test for Discovery Well

On February 6, 1980, Brinkerhoff-Signal #2 started to move on site.
The weather was warm and wet and consequently tHe move took 11 days. The
well was spudded on February 16, 1980 and completed at a 7D of 5,454 feet -

on April 29, 1980. The drilling history of well 66-5 is given in Table II.

At a depth of 4,760 feet a major lost circu]étion zone was encountered.
requiring a cement‘job. At 4?970 aﬁother cement plug was requjred. Lost
circulation was again encountered from 5,184-5,214 feet end was never
coetrolled in sbite of 5 LCM-gel pills, 3 cement plugs and one open»ho1e
sqdeeze job. Switched te drilling with water and advanced to-5,409 feet
with problems. Using aerated. water, reamed'ho1e.t0 5,359 feet when well
began to flow. The we11‘was riggedlﬁp for a flow test endvtestedw :The-
we]],bofe was unloaded and produced approximately 3,000 bbls of flufd at a-

maximum temperature of ]07°C (225°F) as shown in Table III.

- After the flow test, the hole waeleonﬁinued using 8 3/4" bit to a 1D
of 5,454 feet. The well bridged at 2,730 feet while 1ogs were being run,
ran in hole, cleaned eut bridge and tagged bottom af 5,289 feet.:'Ran GO

DIL-GR, BHC-GR-Ca] but hole bridge_again et 2,790 feet and.could not run
femperature survey. It was decided not to try and c]een hole again and
.fgpig—down started._ THe well was completed by installing a WKM 13 3/8"

iw&e1ve andlthe well was put in suspensioh.(Figu;e 15). The_ToQging hisfory .

~of well 66-5 is given in Table IV.
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Table II.

Dr1111ng History Well 66-5, Tuscarora Prospect
Elko County, Nevada.-

- Spud. Gel-water.. 17-1/2 in ho]e

Drlg 844. Gel- water o
Stuck pipe @ 970. Gel-cellex- water. Drlg. 1063
Repairs. Drid to 1324 ’ '
Drlg. 1420. Lost 65 bb] mud. NB #2

Drig 1504 :

Drld to 1567. Tripping for shock sub

~Drig 1736. Losing 2-4 bbl/hr.
Drlg 1795. Losing 2-4 bbl/hr. Mix LCM

Drld .to 1869. Tripping for bit

NB #3. Drld to 1926. Tripping for shock sub

Drlg 2092

Dr1d to 2232. Formation change. Losing f]u1d 2- 5 bb1/hr POH
Mixed LCM and gel pill. Spotted at 2232. Rega1ned 100% returns
Conditioning hole for logging

Ran Schlumberger logs.. Made wiper run. Preparing to run casing .
Ran 785 ft 13-3/8, 61.-#, K-55 Butt and 1447 ft, 13-3/8 54.57%,

_ K-55 Butt w/guide shoe and insert float. Shoe was welded on,

bottom 3 jts Bakerlok. 8 centralizers run. BJ cemented w/3295"
ft3 1:1 poz + 35% silica flour + 2% gel + .4% R-5 + .25% R-11. -

Tailed in w/686 ft3 Class G + 40% silica flour + .4% R-5 +

.225% R-11. No .returns to surface
WOC. Tried to run Sch]umberger CBL-tool fa1]ed
Ran CBL. W00 . :

. Sanded back csg. Rebuild loc

N.U. BOPE. Rebuild ]ooat1on

- 1

" n

Tested BOPE Drld out cmt. Lost 85 bb] 2233-2280. Drld to 2315.

. POH for BHA

Drid 12-1/4 hole to 2500. Mud gel-cellex-water. POH for
Kuster survey .

Ran Kuster survey. Drld to 2642

Tripped for bit. NB #5. Drlg 2761

Dr1d to 2798. Backed off bit. Screwed back into b1t

POH. RR #4. Drlg 2813

Tripped for NB #6. Drlg 2909 - . o

Drld to 2961. Twisted off. POH. RIH w/overshot; caught fish
POH w/fish . : :
Kuster survey. NB #7. Drlg. 2977

Drld to 3068. TOH for NB #8. Drlg. 3088

Formation change. Fluid loss 10-65 bb1/hr. Drlg 3241

Dr]d to 3275 Trwpped for NB #9. Trwpped for wrong stabilizers
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_20-80 . - Tripped for wrong stab11wzers Drig 3408

3-2
3-21-80 . - Drilling 3555 _
3-22-80 . Drld to 3561. Tripped for NB‘#10. Drlg. 3607
3-23-80 Drlg 3757 : I E
3-24-80 - Drid to 3802. Tripped for NB #1]. Dr]g. 3821 -
3-25-80 - 'Drlg 3954 ’ _
3-26-80- '~ Drlg 4106 '
3-27-80 " Drld to 4118. POH. Ran GO Temp Iog Ran Kuster survey
, ~ NB #12. Drlg. 4141
3-28-80 Drilg. 4350 ’ ,
3-29-80 Drld to 4417, Tr1pped for NB #13
3-30-80 .. Drig. 4585 . S ’
3-31-80 Drid to 4768, Lost 1120 bbl. Tripping for bit . 4
4-1-80 ~NB #14. Mixed LCM. Hole sloughing. POH. Build volume
4-2-80 .+ RIH. Lost  45% returns. Ran Kuster survey. Mix LCM pill
4-3-80 - -~ Spotted LCM pill. CO hole. Stil] 1os1ng Spotted 175 ft3

Class G cement. RIH tagged cement
4-4-80. Cleaned out cement. Cleaned out mud pits. Mixing new mud
4-5-80 Drld to 4970. Lost circulation. Building volume
4-6-80 Build mud volume. RIH drilled out bridge @ .4820. Mix LCM. C.O.
hole to 4970. Drid to 4987 w/part1a1 returns. Pits empty.
~ Building volume ‘

4-7-80 Spotted gel-LCM pill. Spotted 175 ft3 Class G.~C1eanedvout
' cement. Drlg. 5014 ’

4-8-80 Drid to 5184. Lost circulation. Spotted gel- LCM p111 Drld to
' 5214. POH-5 stands. Mixing gel pill

-4-9-80 . Spotted gel-LCM pill. Spotted 141 ft3 Class G WOC. Tried

. - to fil] hole - no returns. RIH and tagged cement. Spotted
175 £t3 Class G. WOC

4-10-80 .  RIM. Drld firm cement. Lost circ. @ 5180. Spotted 175 ft3

' Class G. Mixed mud. WOC: Drld hard cement to 5184. Lost returns
4-11-80 = . Mixed LCM pill and spotted @ 5184 w/70% returns. Waited 2 hrs.

- Established 100% returns @ 5184. Drld cement to 5187. Lost
returns. Drid w/lO% returns ‘to. 5214 Spotted LCM pill -
10% returns

4-12-80 - Spotted 440 gal sodium silicate fo]]owed by 175 ft3 C]ass G -
' ’ cement. Drld cement to 5215 w/complete returns
4-13-80 ~Drld to 5247. Losing too much f1u1d Spotted LCM pill.
: Ran Kuster survey
14-14-80 . W.0. Loggers. Ran spinner and tracer surveys Too] failure.
. W.0. tools
4-15-80 - Ran temp. survey. C1rc hole. Ran tracer and spinner surveys.
. Tools failed
4-16-80 Ran caliper 1og Experimented w/pump rates and measured fluid

loss for water. Ran tracer survey. Tool failed. RIN w/lLynes:
packer. .Set packer. Pumped cement. Squeezed at 650 psi

4-17-380 ROH w/packer. WOC. Drld cement. Drlg @ 5287 w/water :

4-18-80 - Drld to 5374. Ho]e not c]ean1ng Mixing .gel to pill to c]ean
: hole.

4-19-80- - Drld to 5409. Swept hole w/gel pill. Rigging up for air
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Began using aerated water. Reamed to 5359. Well began flowing
and f]ashlng steam over shaker. Hole caving. Lost circ.
Regained circ. POH. Monitor well ' :

Rig up for flow test

Rig up for flowtest. Ran Pruett temp and press survey RIH

- w/drillpipe to 1ift off well
. Attempted to flow well. Ran Pruett: temp and press survey.

laid down 8" collars. Preparing to reduce hole

Cleaned out fill. Swept w/gel pill. Drld to 5454 w/aerated -
water. 8 .3/4" hole - : .
Drawworks broke. Stuck pipe. Freed pipe. Hole caving. Made

| short trip. Mix gel pill. 210" firm fill. Hard fill 5244 5307

Short trip - 60' fill 45 min. MWaiting on loggers

Wait on loggers:

Ran logs. Bridge @ 2730. RIH cleaned out bridge 2730 2909.
Tagged bottom @ 5289. POH

Ran Sperry Sun survey. Ran GO DIL- GR BHC GR- Ca]

Temp log would not go past 2790 R1gg1ng down

' Rig released 0800
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- TIME

1450
1458

1502

1508

1510

1515
1518
1528
1545
1553
1610
1611
1700
1703
1705
1707
1710
1716
1730
1737
1743
1750

. 1755

1812
1820
- 1835
1844
1857

Table I1I. Field Notes on Flow Test of Well 66-5

Tuscarora, Nevada (Enthalpy, Inc., 1980)
COMMENTS S |

“Air on @ 1500 N
Water returns - 156°F 75 psig’ |
Air off-no flow T.D.S. 340 ppm pH 7.8
Water_feturhs - 159°F 10 psig- =
o 185°F.- 35 psig T.D.S. 320 ppm pH 8.8
Water returns ‘ ' o . -
: ' 197°F 20 psig T.D.S. 500 ppm pH 8.2
188°F 10 psig
186°F 8 psig T.D.S. 600 ppm 'pH 8.4
210°F 26 psig soapy
. 210°F 20 psig soapy
Shut-in; air off, added 10" stands of drill pipe
1st water returns 144°F ' B
204°F 10 psig
221°F 125 psig (surge) -
-~ 215°F 35 psig
198°F 5 psig - soapy:
217°F 50 psig soapy - air off
200°F 20 psig soapy - air on
225°F 15 psig no more soap added
207°F 25 psig
198°F 20 psig
205°F 25 psig
220°F 20 psig
220°F 20 psig
222°F 21 psig
221°F 19 psig T.D.S. 800 ppm pH 9.0
222°F 19 7psig |
Estimate~of water flow approx. 1200 Bl/hr.
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60’ 20"csg, 94+, cmt to
sur_foce_ , S

v
W — 785" 13 ¥, 61 #, K-55 -
9 Butt and 1,447 133/,
° 54.5 #, K-55 Butt
csg, cmt/no return to
° . surface, sanded csg .
° to surface .
o\ » '
o) —2,232"
— 1217, Hole
-5,374' 5
83/4" Hole

5,454' TD

1
i

Figure 15. Well Completion Schematic Diagram for 66-5.
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Date

W W =t e ea

27
15
22

22

27
27
28

March
March

March

March
March

March

March
April
April

April

April
April
April

80

80

a0

80

80
80

80

80

80
80

80

80
80

Table IV. Logging»History for Well 66-5

Tuscarora, Nevada

| Type-of'Log
Temperature Schlumberger
Caliper-Schlumberger

Borehole Cbmpensated Sonic

Dual Induction-SFL
Tempekature-Sch]umberger
Cement Bond Log -
Differential Temp-GO
Temperature-GO
Temperature-Pruett
Pressure Pruett

BHC Sonic Log-GO -

Dual IndUCt10n>Later1og-GO
Temperature Log
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'LOQgéd Interval

52-2228"
71-2226"
61-2218'
. 76-2232"
55-2144"
60-2157"
20-4111"
3800-5237"
200-5250"
150-5250"
2227-5187"
2227-5187"
2227-5187"

Total Degth‘l

2232"
2232"
2232"
2232°
2232"
2232"
4118"
5246
5359
5359
54541
| 5454
5454



Theiuhusually warm and wet winter weather'éauéed major problems with
the access fdad and.dri11 pad, great1yvaddin§ to the_Costs; Another
problem which seemstto comé up on geotherma] wé11s is that dri]] capacity
often proves iﬁadequate for the hole (Pfaff, 1980) both fn térms of draw-
works and'pump'capacities; Some balance must be reached which will allow
enough additional capacity tb handle difficult dri]]ihg conditions, Tlost
cifcd]ationvprobTems and sloughing ground without running the coéts out of
sight. _Finq]]y; a problem which comes up time after time is that logging
companies arri?e on a remote site with.tbojs that do not operate properly,

and do not have back up tools or»combonents with them.

. The test for discovery_weil Tocated a low tgmberature reservoir, and
it is probable that most of the fluids produced come from the zohe between
the casing and 3,00b feet. The geothermal fluids produced during the flow
test have a chemical signature (TabTé 1) which indicates_mixing of thermal
water and groundwater in the fractured argi]]ites of Mississfppién‘age
beneath tHe.altered 1mpermeab1é cap of Terfiary-vo1canic and vo]canﬁ—<
é]asticqrocks (Figure 16). Considerable f)uid loss occurred whi]e»
drfT]%hg; especially fn the lower paft of the hoTe and it was impossible

to determine an equi]ibrium.temperature at TD.
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DEPT_Hv .

Tuffaceous sediments and
volcaniclastics
1,000" ~ 2
' ° Tuff breccia-xtals of qtz., feld.,
- biotite lith fragment of
quartzite, argillite and
—_ xtal tuff. '
c .
- 3 Black .argillites, siltstones and
2,000 & . greenstones’
@ =
n
. B
.2 1]
- Valmy Formation - primarily
3,000 quartzites, but some ‘shale,
~argillite cut by porphyritic
rhyolite dikes -
: .
<.
e
>
4,000 — §
o
— L : Probable thrust contact
2 Limestone - med. grey to dark grey
o . .
5,000' — e H—~T 500 | '
s b2 Z 77 : Dolomite - It grey to med. grey
o' £ L Z4s5 300
o l==—==i""t0 , Shales -and quartzite
s ~ 5,454 _ .
¥ A .
o
-
6,000' —

‘Figure 16. feneralized Stratigraphic Section for Well 66-5.
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ABSTRACT

The Tuscardra pfOspect is 1ocated at thé ﬁorth’end of Indepéndence]
'.Va]]ey'appr0x1mafe1y 90 km hdrfh-nofthweSt of EJko; Nevada. The prospect
- was discovered infﬁ977*and-in;1978 was made a part of fhe'Géothermal_-»
Reservoir.Asgessment'Case'StUdy.program'of=tﬁe'Departmentrof Energy‘unden

contract DE-ACO8-79ET27011.

1 Geothéfma1'exploration»oﬁrthe prospect consisted of an integrated -
program of geo1ogic,vh&drégeothemicaT-and soil geochemistfy studies._
vGeophysicaT exp]orétion,inc1uded heatf1ow;studies, aéromagnetic, self-
potentiai,.gravity, dipo]e-dipoje,resﬁstivity and magnetotelluric
surveys. EXp]oratidn drilling includes  -thirty-two shallow thermal
' gradient holes, six 1ntérmed1aterdepth temperétureAgradient~wej1s and one

5454 foot test for discovery well.

- Shallow low-temperature. reservoirs were*éncounteréd in. the Tertiary
rocks and in. the Paleozoicirocksvimmediateiynbeneathrthe Tertiary.

Dri]iing prob]emslforced-the_deep~we11“tojbe~stoppedlbefore the highé

- temperature reservoir:was reached.



~ INTRODUCTION -

The Tuscarora geothermaT prospect is 90 k1Tometers north northwest of :
ETko Nevada (Figure 1) and'can.be reached by means,of Nevada.State High--

ways 225-and 226. Highway 226 traverses the east side of the prospect.-

The Tuscarora prospect was d1scovered in- the summer. of 1977 dur1ng a .
regional geothermal reconna1ssance of Nevada The hydrogeochem1ca1
-‘anaTys1s of Hot Squhur Springs 1nd1cated a poss1bTe reservo1r w1th a

minimum subsurface temperature of 216°¢C based upon a mixing modeT

‘During T978, AMAX submitted a'proposaT Tn response to the Department,
of Energy (DOE) RFP,No.,ET-78—R-08¥OOO3; GeothermaT Reservoir»Assessment
Case Study and was awardedta contract-provjding partial funding for the

.exp]oration of .the property.A‘DetaiTed resuTtsrof[the»expToration-funded
by the DOE has :been published through the University of’utah Research
Instdtute.as a part'of-the'DOE'contract DE-ACOé—79ETé7OTT,‘GeothermaT-

Reservoir Assessment Case. Study, Northern.BasTn and Range, Tuscarora area.
EXPLORATION HISTORY

The geotherma]-exploration at the TuScarora'prospect Funded'by DOE
contract.DEfAC08—79ET27OTT 1nc1udes;geochemicaT'and geophysica] studies
as well as eXpToration drTTTing done in 1977, 1978, 1979 and 1980. For
this. report the expTorat1on w1TT be summar1zed by expTorat1on methods

Y g

rather than chrono]og1ca1]y to avo1d repet1t1on
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GUATERNARY
Siliceous and-Calcdreous sinter.
Alluvium and talus,. recent denosits,

tandslides.

Older Alluviun, currently being eroded
but conformable wvith present geo-
‘mornhic surface,

Gravel, nuartzite boylders, glacial
outwash, not qraded to present
" drainage, defaried,

A

r._lacial till geposits,

PAY

" Gravel, guartzite pebbles to boulders:
TERTIARY )
o TETIA o
5 42 Parphyritic andesite lava flows with 5-10
N - R 2-5mm phenocrysts of andesine-and auqi
in a vitric matrix, Overlies Tvt and 1

=
o

Weakly welded ash-fldw tuff, 75 1-3mm »
- sanadire crystals in black vitric matr

JPorphyritic quartz latite and dacite lave
flows, 207 2-6mm-phencerysts of K feld
spar, andesine, quertz and auqite in &
red to black felsitic motrix, )

.Porphyritic basaltic-andesite intrysions,
15-25%,, 3mm phenocrysts of plagioclase,
augite and biotite in a felsitic matri

Porphyritic; andesite and basaltic-andesit.
tava flows, 10-30%, 2-4um phenoerysts
an olive-qray to black matrix. -

P N Tuffaceous sediments, non-resistant water
Y, - "\‘. N tuffs, tuffaceous sands, volcaniclastic

T y '53” Toly » conglgmerate lenses and interbedded 3°°

e ANV AN Om thick, non-welded tuffs.

\ L AN A -

T ST

q
.

Tuff.breccia, heterogenecus vent ‘facies
deposit of nyroclastic hreccia, lapill:
stone and ash-flow tuffs, .Contains pebh
to block-size xenoliths of Paleozoic r

MISSISSIPPIAN TO PERMIAK

- @ Schoonover Formation (Fa(‘]an; 1962). .
Argillite, quartzite, chert and qreén-- i
stone in a lenticylar and structurally
complex assenblane.

- CRDOVECIAN : o
A Valmy Group (Churkin and Kay, 1967).

,-~ Contact, dashed where inferred or approxi-.~
mate.

-7 Fault, dashed -where inferred, dotted where
/ covered. ' .

f_./Thrust fault, dashed where inferred.

/f;\ Slump block of rock which has moved as a
R . unit, . :

a4 N
a4 8, Breccia,
s Ads

Strike and dip of bedding or contact,
single bar indicates dip measured’in

3 -~ _outcrop, double‘bar indicates dip calcy,

10 Jated from cutcrop pattern or estimated

from arrial photographs,

_%*’P]uq:}inq syncline,
‘% Plunging ‘antictine.’ '

® G}:uthé}rm\'exn\oration hn\e.“

“
a

APPROXIMATE MEAN °
DECLINATION, 1936

IMILE

116°7'30"
R I . ; : . : AR : - Contour interval.40 fect.

R.51 E . o R.52E

. Figure 2. Geologic map of the Tuscarora area, Nevada after Sibbett (1980)
‘ “Mapping done under DOE contract DHE-ACO7-80INTZ079
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- Geological

The Independence,Mountains_are cdmnoéed of a thick seeuenee»Off"'
Paieozoic sedimentéryjrocks aeconding to_nbne énd‘Coates.(19765...The
pneéent day range naé;ldceted near‘thentectonic.boundary between the
‘ miogeosyneline=tokthe'east and the eugeosync1ine to the west. Lower
~Cambrian eugeOSynC1ina1 sedinents were thrust'eestward a1ong;thevRobert§'
Mountain.thrust during the AnfTer‘proéeny. ”These.rOCks were then eroded
and were unconformably overlain'by.MiésiSsippian to Permian shale, eherf
and quartﬁite es mapped by Sjbbett (1980)nes seen on FigureAZ. The
Schoonover Formation (Fagan, 1962) was thrust evér 0r,fau1tediagéinst

" these rocks (Figure 2) 1n_the'northenn Independence Mountains. -

The Tertiary rocks in “the Tuscarere‘area consist of‘a’thick sequence
of intercolated sediments, tdffs, ashflow tuffs and'minor f]ons of vol-
canic origin'(FigUre 2).. - These nocks nange‘in age from Late Eocene or
:" EarTy 0ligocene (41-34 m:y.).tq Late.Miocene‘td;EarJy Pliocene (17-6
| m;y.).: The Tertiary“sequenee thickens northward into Bull Run Basin

where thicknesses of 2,000 to 5,000 feet are reported (Decker, 1962).

The f]anks‘df Independence Valley contain rather extensive aepesits

. of ternace_gnevels; The.deposits are thin,.dsualeﬂlO to 60 feet, with a 
coarse bouldery surface. Recent valley fill and a]]uyiuonceur along all
majer valleys. Siliceous sinter:hes beenvdepeéited py HQt Sulphur

Springs for a considerable peniod of time.
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The Tuscarora area has had a long and complex structural history.
The Ant]er Orogeny deve]oped 1soc11na1 fo]ds w1th east west axes The
- deformation cu1m1nated in 1ow ang]e thrusts wh1ch carr1ed the western

"facwes rocks eastward over the‘mnogeosync11na1_rocks (Figure 3).:

The earliest Cenozoic structures in the area were volcano-tectonic

features associated with the 34441-m.y. crysta1 tuffs'and-tuff breccias

- '(F1gure 4) Contemporaneously'fhe area was subjected to extensional

forces resu]t1ng in Basin and Range structures.. Independence Valley

represents a bas1n formed by such extension.

The Basin and Range structures are offset by two.sefs of strike-s1ip
faults (Figure 2). . The northeast trending 1éfte1atera1-fau1ts are parf
of?the‘Midas Trench lineament system. The cohjogate.right41atera1‘faoTts;
. become'the,dominent’set'norihward‘1nto:the-0wyhee uplift. Movement.on_

the conjugate shears began.about 15 m.y. ago and,continues to. the oresent.
Geochemical

. Geochem1ca1 exp]orat1on at the Tuscarora prospect 1nc]udes both hy-
drogeochemical and 'soil geochem1stry studies. A-tota] of 27 water sam- -
p]es'have beenVStudied.jn the immediate area of'ﬁhe Tusearora prospect
’.‘ (Figure 5),' The chemical ana]yses'of'the'Waters are shown in Table i,
‘Ten of the samples were collected and'anaTysed by AMAX Vin‘1977;_1§78,
1979_and 1980. Senenteen samples were'collected by'Davio Coié of.the B
Uninersity.of‘Utah Research Institute in 1980 undef DOE confréct

DE-ACO7-801D12079.
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The waters;contain relat{ve]y Tow tofa] diésolvéd solids and are
chafacterized'as sodium‘bicarbohate waters. The discrepencies between -
the.si]icarahd-a1ka11 geothermometers‘{S'thought to bé refatéd to mixing
of the thermal waters.with co]d_groundwaters;A Thé C]-SiOZIénthélpy

mixing mode giyes a reservoir temperature of 2160C with-a cold water
fraction of 54ipercent.‘<fhe.corre1ation between the:Mixing que1 temper-
ature and the.alka1i geothermometerf1ends credibility’to both calcu-

lations.

The geochemical charactef:of the thermal waters at Tuscarora:suggests
the water:'has had.éome residenée time in carbonate rocks. The residence
time had to be long endugh tb establish the sodium bicafbonate sig—
nature. Such alsignatyre cou]d?have‘originated in a deep resefvoir in
the Loweb Paleozoic .miogeosynclinal carbonate rocks: From a study of the
hydregeochemical-data one can-deduce a heat source to the south or south-

~ eastof the thermal springs.

;b‘ As a part of‘thetDOE funded~eXp1ofation*at Tuscarora, soil geochem—
istry was done along four east-west traverses. SeWeCtéd'samp1es‘were'run
for multi-element ané1yses,to defermine what, if:any, elements show cor;
relation-with either geological or‘geophysiﬁa1 anoma1iés. "The prelim-
inary .survey inditatéd:Sdmg«;ohrelation:with,Hg,‘As, Sb, F énd NH3.’
Faults along which geothérma] fluids have migrated give anomalies as

shown on Figure 6.

10



- ~Table I - Chemical Analyses of Hydrogeochemical Samples,
Tuscarora Area, Nevada.

350 ' W10828 W10829 W10888

N62E 5T4INR52E _NWSWST4INRS2E . 'SW19T41NR52E
95.0 | 20.0 , 28.0
30.0 | 2.0 | . 30.0
o 18.85 9.02 8.15
16.0 10.0 11.0
7.0 2.3 W
48.0 22.0 " 17.0
283.0 172.0 195.8
40.0 40.0 0.
| 140.0 79.0 © 62.0
| 160.0 120.0 ~ 81.0
| 122.0 1.2 5.1
6.0 . 3.0 11.0
0.6 0.2 3.4
0.9 0.1 0.1
0.7 0.0 0.0
1.0 0.2 0.3
725.2 452.0 ~ 388.3
149.0 - 122.0 111.0
133.0 9.0 83.0-
224.0 - 14.0 135.0
209.0 73.0 87.0
|
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mples/Tuscarora
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Table 1
Page 2
Chemic

90 ~ A88758 ©W14982 | W13459

3 SE32T42NR52E NWSWBT41NRS 2E NWSE5T41NRS2E

o | -~ 57.0 . 107.0
B | - 3.0 3.5 840.0
8.5 7.2 9.2

7.2 18.0 30.0

0.2 1.3 5.5

10.0 33.0 - 150.0°

20.0 e ~ 264.0

12.0 -n— - 72.0

1960 170.0 140.0

20.0 170.0 240.0

3.4 12.0 22.0

18.0 20.0 25.0

3.0 2.8 2.2

0.1 0.7 0.6

0.2 0.8 1.3

179.8 898.6 986.6

185.0 864.0

131.0 167.0 149.0

108.0. 146..0 133.0

267.0 - 189.0 210.0

172.0 162.0 136.0
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N | 3A : 38 3¢

N52E . NW30T42NR52E NWSW30T42NRG2E - NESW30T42NR52E
N UURI o UURL ___UURL
\\\\ 1500 16.5 . 10.0
6.35 1 6.15 6.45
5.0 4.0 5.0
0.1 0.2 0.2
6.0 4.0 7.0
- 47.0 54.2 54.0
40.0 43.0 50.0
10.0 7.0 10.0
2.5 4.0 4.0
6.0 © 4.0 5.0
2.0 2.0 ., 2.0
0.05 0.05 0.05
0.13 0.13 0.13
88.0 196.0 124.0
92.0 95.0 102.0
61.0 64.0 72.0
311.0 432.0 374.0
56.0 75.0 74.0
13
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fg g‘gmples/Tuscarora
58 | 5¢C  6A=W10888
NW30T42NR5 2E © NWSW30T42NR52E  NESW30T42NR52E
URI WRI ' TTULRI
— | 17.5 185 20
7.15-7.20 7.2 7.5
6.0 9.0 13.0
0.2 0.2 1.6
. 17.0 S 17.0
74.0 77.0 232.0
25.0 60.0 52.0
| 1.0 19.0 80.0
2.50 7.0 5.0
14.0 11.0 1.0
1.0 2.0 3.0
0.05 0.05 ©0.05
0.13 0.13 0.13
116.0 142.0 292.0
72.0 1M1.0 104.0
' 40.0 81.0 74.0
299.0 299.0 180.0
41.0 82.0 87.0
14
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A
o2
=85
mEs : , o : , : ,
' _Z§=w14982 8A . - 8B=W10828 8C _ 8D _
'8341NR52E NESEST4INRS2E NESEST4INRS2E SENEST4INRS2E NESEST4TNRS2E
RI UURI UURI UURI . UURI
43.0 95.0 ' , 59.0 » 185.0
7.62 . 7.35 . . 8.0 7.65
16.0 6.0 : 14.0 7.0
8.7 8.2 9.0 6.9
50.0 55.0 : 45.0 . 48.0
382.0 345.0 ©.291.0 355.0
103.0 104.0 136.0 99.0
145.0 148.0 140.0 139.0
19.0 20.0 - 20.0 18.0
17.0 1.0 3.0 8.0
2.0 0.5 - Q.5 0.5
0.64 - 0.64 0.56 - 0.62
0.9 0.9 _ 0.9 0.9
536.0 508.0 500.0 478.0
139.0 139.0 155.0 137.0
112.0 113.0 131.0 11.0
241.0 244.0 250.0 240.0
194.0 225.0 ~216.0 200.0
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Geophysical
Geophys1ca1 exp]orat1on includes a therma] grad1ent program, grav1ty
survey, aeromagnet1c survey, e1ectr1ca1 surveys and a pass1ve se1sm1c

survey.

"The thermal andma]y conStitdfes‘the most positive of the geophysica1
anomalies-at<Tuscarora., The thermal anoma]y is based upon data co]]ected 1
from th1rty eight temperature gradient’ drill holes which range from 40 to
522 meters deep. The temperaturevgradientS-range from 13 to 2,558 C/km.
The heatflow (Figure 7) varies from 1ess.than 2.0 to as much as 49.1

“H.F.U. with'approximateli 20‘km2-within the ]O:H.F.U; confour;

" The residual magnefic intensity maps.(F{gu%e‘8) exhibits several sfg-
nificaht’adoma1ie$., A,majOf‘magnetic,iowidccuWS‘at the north end of the
‘Ihdependehce Va]]ey.~’The.fwo~magnetic:hjghs'1n;the.northern part'of'the
.area probably represent 1ntfdsions;. The- Tinear northeasterly trends
across the map_afe.paralle].to the;Midae.lineament.

The"cdmplete Bouguer dravity map'(ngure 9) Shows~thejnorthea§tef1y -
_ trendihngidaS structure.euttihg across the Basinrand-Range strdcture of
Independence Va11ey.< The'boundingvfaultS‘of the ranges appear.as proQ
nounced north—sduth gradienfs., A -gravity low coincident with the-magnetic

10w occurs at the north end’of Ihdependence Valley:

R TR
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A pass1ve seismic survey was conducted over an eleven- day per1od in
September of 1978 us1ng a 15 stat1on detector array F1gure 10 shows the
distribution. of ep1centers which. ranged from 3 to.:13 kmvdeep.: Moet of tne
activity appears to be concentrated along the intersection of a northwest
trending‘ridht-1atera1 fault, a segment of the northeeStftrending Midas -
lineament end the Independence Mountain bdunding'fau1t.v Poisson's Ratio'
“contour for depths'1ess than 5 km shows a concentratidn‘of7high values

(.35) at the north end of Independence Valley.

»E1eetr1ca1 surveys eonducted-et Tuscarora include a se1f-potentiel
5urvey; a dipo]e-dipo]e'resistivﬁty survey and a magnetote)]ur?c snrvey;
In general, tne SP survey. shows the northeasterly Tinear Midas trend and
.the resistive rocks of the Independence Mountains..~Dipo]e-djpo1e resisj‘
~.tivity was done a]ong~fhree 11nes’(Figure 1])'acnoss the thermal anomaly.
The res1st1v1t1es for N=2 spac1ng are shown in the plan view. - Figure 12.
shows the observed apparent res1st1v1ty psuedosect1on along :the B B' at
the top and a smoothed 2-D model-on the lower part. .The‘psuedosect1ons
- were mode]1ed.by-C1aran Macke]prang'of.the University of Utah Research
Institute.: A zone. of .conductive rocks, ‘less than eight. ohmmeters,
th1ckens and- deepens to’ the southeast. The conductive layer has been

interpreted-to be an’ alteration cap above a possible reservoir.

A~£enéor»magnetote1]dric survey was done along the same lines as the
dipole-dipole survey. WPsuedosections of the_Tm madebfor 1inejA-Af'as
shown in Figure 13. There is good agreement between the observed and the
calculated resistivity.“HowardbRoss and Claran MaCkefprang of the Uni-

‘versity of Utah Reserach Institute have modelled portions of the:

o1
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Tuscarora MT as shown at the top of Figure 14. The geologic section along
line A-A' has been positioned bé]ow the mode1 to show agreement between
the model and geology. . The Tow resistivity zone of five ohmmeters or less

may represent altered rocks, a geothermal reservoir or heat source.
Drilling

. The exploration drilling at the Tuscarora prospect done under the DOE
contract DE-AC08-79ET27011 includes thirty-two shallow thermal gradient
holes, six intermediate depth thermal.gradient wells-and one test for

discovery well.
Shallow Thermal Gradient Holes

A total of thirty-two shallow thermal gradient holes were drilled at
the Tuscarora prospect. The holes.range. from 40 to 100 meters deep. The
holes were drilled. by four dﬁfferent contractors inv1977,'1978 and 1979
with djfferent types of truck mounted rotary dri]ls;. In..general the
- shallow gradient holes were. drilled with air,. using either a6 3/4" tri-
- cone roller bit oria 6" rotary percussion hammer.to TD._ The holes were

completed by installing 3/4" PVC tubing, capped on the bottom, to TD,
'-back—fi]1ing the annulus- around the PVC with.drill cuttings to within 10
feet of the surfacé and then emplacing a 10-foot cement plug in the

annulus.

Three distinct drilling environments were present on the prospect, the

alluvial cover in the northern end of Independence Valley, the Paleozoic

26



_Figure 14.

- .- (after Ross, Mackelprang and Lange, 1981). S
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- sediments on the western flank of the Independence Mountains and finally

the volcanics and volcaniclastic éédiments in the main part of the pros?

pect. Two drilling problems were enéouhtered in the shallow hole programs.

The first prob]ém was Artesianvflow of watervwhich cbu]d be encoun-
tered in all three‘enviroﬁments. _When'artisian flow was encountered,
drilling was switched ﬁo rotéry methods with dri]]ing’mﬁd]to contain the
water f]pw,band holes compieted'as:deécribed above.. The éecond problem
was related to keeping the holes open when drilling through the gravel
deposits. Often times the air circulation wou1d‘remove all the matrix
material hd]dfng'the Qrave1-in place, and the hole would cave. Various
combinations of foam,.mud and tasing were used-on suﬁh holes. Onfy one
hQ1e was completely 1b§t due to drilling prob]emsvin the overbqrden al-

though 1in several 2-30 meters would be lost befo%e the PVC could be in-

stalled.
- Intermediate Depth Gradent Wells
A tdta] of six intermediate depth temperature gradient holes were

drilled in 1979 to confirm_the downward continuation of the thermal

anomaly. Five of the holes reached depths of 1,040 feet (317 meters) and .

“one was drilled to a depth of 530 meters (1,740 feet).

The drilling plan-called for a 9 7/8" hole to 10% of TD or minimum of

- 60 feet into bedrock, set. 7" casing, drill to TD with a 6" or 6 3/4" hole,

and set a capped 1" black iron pipe to bottom and fi11 with water. The

holes were



all drilled with mud and a heavy viscous mud was left in the'annu1US

around the 1" bTack pipe. A ten foot cement plug was placed in the upper

- 10 feet of the.ho1e. A blow-out preventer was on site to be used if

needed and mud temperatures, in and out, were monitored to determine when,
or if, the BOP was needed.

Two problems were encountered while dri]]ihg the intermediate depth
therma]fgradient holes. ‘Two of the holes had overburden problems. The

glacial and/or terrace gravels vdry from a few feet to as much as 70 feet

in thickhess and consist of quartzite boulders 6 to 12 inches in diameter

set in a matrix of finer gravel, sand, and clay. whenever the dri]]ing
disrupts the matrix, either by removal in the dri1ling‘f1uid or by the
physical disruption by_shou]dering the boulders asidey .caving becomes a
problem. The problem was overcome when the bit was followed down‘with
casing. Once the gfavels had been penetrafed, then the casjng was ce-

mented into place and dri]]ing continued.

Lost circulation was a problem in the volcanic and volcaniclastic

rocks in the vicinity of the -thermal sprihgs.‘ One or more thermal water

' bearing aquifers were encountered in the two holes adjacent to Hot Creek.

~The thermal fluids had altered the rocks so that it was possible to drill

ahead by adding water whenever lost circulation zones were encountered

since water and drill cuttings combined to form a drilling mud.

The ‘intermediate depth gradient holes.established the presence of a
shallow .low-temperature reservoir in the vo]canic]éstic rocks near the hot

-

sprfngs. ' The waters encountered were in the 50 to 100°¢ range which

" g



Table II.

Drilling H1story Well 66-5, Tuscarora Prospect
E]ko County, Nevada.

Spud. Gel-water. 17 1/2 in ho]e

ODrlg 844. Gel-water

~ Stuck pipe @ 970. Gel-cellex- water Drlg. 1063

Repairs. Drld to 1324

Drlg. 1420.. Lost 65 bbl mud NB #2

Drlg 1504
Drld to 1567. Tripping for shock sub
Drlg 1736. Losing 2-4 bbi/hr

‘Drlg 1795. Losing 2-4 bb1/hr. Mix LCM

Dr1d to 1869. Tripping for bit

NB #3. DOrld to 1926. Tr1pp1ng for shock sub

Drlg 2092

Drld to 2232. Formation change. Losing fluid 2-5 bbl/hr POH
Mixed LCM and gel pill. Spotted at 2232. Regained 100% returns
Conditioning hole for logging . .

Ran Schlumberger logs. Made wiper run. Preparing to run casing

_Ran 785 ft 13-3/8, 61.-#, K=55 Butt and 1447 ft, 13-3/8 54.5%,

K-55-Butt w/guide shoe and insert float. Shoe was welded on,
bottom 3 jts Bakerlok. 8 centralizers run. BJ cemented w/3295
ft3 1:1 poz + 35% silica flour + 2% gel + .4% R-5 + .25% R-11

~ Tailed in w/686 ft3 Class G + 40% silica f1our + ,4% R-5 +

.225% R-11. No returns to surface

WOC. Tried to run Schlumberger CBL tool failed
Ran CBL. WOO

Sanded .back csg. Rebuild loc

N.U. BOPE. Rebuild location

Tested BOPE Drld out cmt. Lost 85 bb] 2233~ 2280 Dr1d to 2315.
POH for BHA

Drld 12-1/4 hole to 2500 Mud: gel-cellex- water. POH for .
Kuster survey v

Ran Kuster survey. Dr]d to 2642

 Tripped for bit. NB #5. Drlg 2761

Drld to 2798+ Backed .off bit. Screwed back into bit.

" ‘POH.-RR #4. Drlg 2813 |
~Tripped for NB #6. Drig 2909 ' .
©-Drld to 2961. Twisted off. POH. RIH w/overshot; caught fish

POH w/fish ‘

Kuster survey. NB #7. Drlg. 2977

Drld to 3068. TOH for NB #8. Drlg. 3088 . .

Formation change. Fluid loss 10-65 bbl/hr. Drlg 3241

Drld to 3275. Tripped for NB #9. Tripped for wrong stabilizers

<
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4-12-80

4-13-80
4-14-80
- 4-15-80

4-17-30
4-18-80

4_]9"80-

| ,'Tr1pped for wrong stab1112ers Dr1g 3408
- Drilling 3555. '

Drld to 3561. Tr1pped for NB #10. Dr]g 3607,
Drig 3757
Drid to 3802. Trwpped for NB #11 Dr]g. 3821
Drlg 3954

- Drlg 4106 ’
" Drld to 4118. POH. Ran GO Temp log. Ran Kuster survey

NB #12. Drlg. 4141

Prig. 4350 S

Dr1d to 4417. Tripped for NB #13_.:

Drig. 4585 . ' ‘ S

Drld to 4768. Lost 1120 bbl. Tripping for bit :
NB #14. Mixed LCM. Hole sloughing.. POH. Build volume

“RIH. Lost  45% returns. Ran Kuster survey. Mix LCM pill

Spotted LCM pill. CO hole. Still losing. Spotted 175 ft3
Class G cement. RIH tagged cement

Cleaned out cement. Cleaned out mud p1ts. Mixing new mud

Drld to 4970. Lost circulation. Building volume

Build mud volume. RIH drilled out bridge @ 4820. Mix LCM. C.O.
hole to 4970. Drld to 4987 w/partial returns. Pits empty.
Building volume : ' : -
Spotted gel-LCM pill. Spotted 175 ft3 Class G Cleaned out
cement. Drig. 5014 - :
Drld to 5184. Lost c1rcu1at1on Spotted gel- LCM p1]1 Drl1d to-
5214, POH-5 stands. Mixing -gel pill

Spotted gel-LCM pill. Spotted 141 ft3 Class.G. WOC. Tried

to fill hole - no returns. RIH and tagged cement. Spotted

175 £t3 Class G. WOC | | < -
RIH. Drld firm cement. Lost circ. @ 5180. Spotted 175 ft3
Class G. Mixed mud. WOC. Drld hard cement to 5184. Lost returns
Mixed LCM pill. and spotted @ 5184 w/70% returns. Waited 2 hrs.
Established 100% returns @ 5184, Drld cement to 5187. Lost
returns. Drld w/10% returns to 5214 Spotted LCM pill -

10% returns

Spotted 440 gal sodium s1]1cate fo]]owed by 175 ft3 Class G -

“cement. Drld cement to 5215 w/complete returns

Dr1d to.5247. Losing too much fluid. Spotted LCM p]]]

Ran Kuster survey :
W.0. Loggers. Ran spinner and tracer surveys. Tool failure.
W.0. tools : '

Ran temp. survey. Circ. ‘hole. Ran tracer and spinner surveys
Tools failed

Ran caliper log. Exper1mented w/pump rates and meaSured fluid
loss for water. Ran tracer survey. Tool failed. RIH w/Lynes
packer. Set packer. Pumped cement. Squeezed at 650 psi

ROH w/packer. WOC. Drld cement. Drlg @ 5287 w/water

Drid to -5374. Ho]e not cleaning Mixing gel to pill to clean
hole. . '

Dr]d to 5409. Swept hole w/geW pf1l. Rigging up for air
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Began using aerated water. Reamed to 5359. Well began flowing
and f]ashlng steam over shaker. Hole caving. Lost circ.
Regained circ. POH. Monitor well

Rig up for flow test

Rig up for flowtest. Ran Pruett temp and press survey. RIH

~ w/drillpipe to 1ift. off well
Attempted to flow well. Ran Pruett temp and press. survey

laid down 8" collars. Preparing to reduce hole

Cleaned out fill. Swept w/gel pill. Drld to 5454 w/aerated
water. 8 3/4" hole B o
Drawworks broke. Stuck pipe. Freed pipe. Hole caving. Made
short trip. Mix gel pill. 210" firm fi11. Hard fil1l 5244-5307
Short trip - 60" fill 45 min. Waiting on loggers

Wait on loggers :

Ran logs. Bridge @ 2730. RIH cleaned out bridge 2730-2909.
Tagged bottom @ 5289. POH

Ran Sperry Sun survey. Ran GO DIL-GR, BHC-GR-Cal

Temp Tog would not go past 2790 ngg]ﬂg down
R1g released 0800 -

g



. suggests some aquifers contained mixed thermal and meteoric waters and
others may have had direct communication with the conduits feeding the hot

springs.
| Test for Discovery Wé]]

"0n~February 6, 1980, Brinkerhoff—Signa] #2 started to move on site.
- The weathef was warm and wet and consequently the move took 11 days. The
well was spudded on February 16, 1980 and completed at a TD of 5,454 feet |

on April 29, 1980. The drilling history of well 6655'15 given in Table II.

At a débth'of 4,760 feet a major lost. circulation 2one waS«encounteréd
requiring a cement job. At 4,970 another cement plug was requifed. Lost
circu]ation'wés again encountered from 5,184-5,214 feet»and-was never
controlled in spitejoflS LCM-gel pi]]s,lB'cement p]qgs and one open hole
‘.squéezé job. Switched to drilling with water and advanced to 5,409 feet
~-with problems.: Using aératedrwater, reamed hole to:.5,359 feet Qhen well
began t0‘f10w._«THe well was rigged up for:a f1ow!test.and'tested. The
- well bore was Qn]oaded”and.produced‘approximate1y 3,000 bbls -of fluid ét a

maximum temperature of 107°C (225%F) as shown in Table III.

After the flow test, the hole was continUed'using 8 3/4" bit to a 10
of 5,454 feet, The well bridged at 2,730 feet while logs were being run,
- .ran in hole, cleaned out bridgevand tagged‘bottomvat 5,289 feet. Ran GO
DIL-GR, BHC-GR-Cal but hole bridge again at 2,790 feet and could fot run
. temperatpre surVey.‘ It was decided not to try and clean hole again and
rig-down‘startedgi The well waévcompleted'by installing a WKM 13 3/8"

valve and the well was put in suspension.

33



TIME

1450
1458

1502

1508

1510
- 1515

1518
1528

1545

1558
1610
© 1611

1700 -

1703
1705
1707
1710
1716

1730

1737
1743
1750
1755
1812

1820

1835
1844
1857

Table I1I. Field Notes on Flow Test. of Well 66-5

COMMENTS

“Air on @ 1500

Tuscarora, Nevada (Enthalpy, Inc., 1980)

Water returns - 156°F 75 psig
Air off-no flow T.D.S. 340 ppm pH 7.8

Water returns - 159°F

Water returns

10 psig’ .
185°F 35 psig "T.D:S. 320 ppm pH 8.8

188°F 10 psig

186°F .

8

psig

197°F 20.psig T.D.S. 500 ppm pH 8.2

7.0.S. 600 ppm pH 8.4 -

210°F - 26 psig soapy
210°F 20 psig
‘Shut-in; air off, added 10 stands of drill pipe

1st water returns 144°F
» 204°F
221°F 1
215°F
198°F
217°F
200°F
225°F
207°F
198°F
 205°F
- 220°F
| 220°F
220°F
221°F
222°F
Estimate of water flow

10
25

35

5

.50

20

15

25

20

25
20
20
21
19
19

approx. 1200 Bl/hr.

psig
psig
psig
psig
psig
psig
psig
psig

psig -

psig
psig
psig
psig
PSig
psig

34

soapy

(surge)

soapy
soapy'— air off
soapy - alr on

no more soap added

T.0.S. 800 ppm pH 9.0
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The unusua]]y warm and wet winter Weather caused’major pkob]ems with
the access. road and drill pad great]y adding to the costs. Another

prob]em which seems to come up on geothermal wells is that dr111 capacity

-often proves Jnadequate for the hole (Pfaff, 1980) both in terms of draw-

works and pump capacities. Some balance must- be reached wh1ch w111 allow

enough additional capac1ty to handle d1ff1cu1t drilling cond1t1ons, lost

_ circu1ation prob]emszand s]oughing ground without running the costs,out of.

sight. Finally, a problem which comes up time after time is that logging

companies arrive on a remote s1te w1th tools that do not operate proper]y,

and do not have back up tools or components with them.

" The test for discovery well located a low temperature reéervoir, and
it is probable that most of the fluids.produced come from the zone between
the casing and.3,000uféet. .The. geothermal fluids praduced during the flow
test have a chemical signature (Tab1e 1),which.indicates mixing of thermal

water and groundwater.1nwthe.fractufed argillites-of Mississippian age

. beneath the altered impermeable cap of Tertiary'vo1canic'and.volcahj-

- c]éstic rocks (Figure 4)~. Considerable fluid loss occurred while

dr11]1ng, ‘especially-in the 1ower part of -the hole and it was 1mposs1b1e

to determ1ne an equ111br1um temperature at TD.
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