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AMAX EXPLORATION INC.
WELL TESTS TUSCARORA 66-5

Introduction '
Enthalpy Inc., of Santa Rosa, California, was engaged by Amax Exploration Inc.,
of Denver, Colorado in April of 1980 to conduct flow tests on a geothermal pro-

spect in Northern Nevada.- The well site, Tuscarora 66-5, is located approxi-
mately 11 miles north east of the town of Tuscarora within Independence Valley,

Elko County, Nevada.

The testing program was set up‘by Enthalpy Inc. and run by D. Ensrud of Enthalpy
Inc. The initial tests 5nc1uded,measuring temperature, pressure, total dissolved
solids (T.D.S.) and pH of the fluid produced. These pafaméteks were used to
examine the well's mass flow and deliverability. The tests were terminated 7:00
p.m. April 22, 1980 because of low temperatures. Subsurface surveys (pressure:

temperature) were run on April 21st and again’on April 23rd.‘

Testing Equipment v '

The blooie line, which was used as the test Eun, consisted of a 53' length of

13 3/8" 0.D. 48# casing with one 45° elbow located 6 feet from the well head.

Orifice flange placement was 30 feet from well head and was horizontally bored

and tapped 1/2 inch 0.D. for Measuring the differential pressures across
an orifice piate. The blooie 1ine had two 1 inch coi]ars welded -horizontally
24 inches on eithér side of the-orifice f]angés. These two collars were used
as pressure and temperature monitoring ports. The températuréireadings were
taken with a hand held thefmocoup]é meter and a thermocouple pkbbe with an
accuracy of + 0.2% of reading. Pressure readings were taken from a 6 inch,
200 pound Marsh master gauge; -the gauge was calibrated with an accuracy of

| + 1 psig.
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Flow Test |

Flow testing was begun on April 22, 1980 at 3:00 p.m.' Inifia]]y the flow was
air assisted from 1500 feet with temperatures and pressures ranging from 156°F
and 75 psig (Surge) to 210°F and 20 psig. The T.D.S. ranged from 320 pph on
initial flow to 600 ppm before the injection of soap. The pH ranged from 8.2
to 8.8. Soap was injected at this point to assist in flowing the wéll; T.D.S.
'and>pH tests were no longer taken after this inje;tion. At 4:11 p.m., 10
stands of drill pipe, approximately 900 feet, were added, making the total
Tength:of drill pipe approximately 2500'. At 5:00 p.m., the first air assisted
water returns were observed with temperatures of 144°F. The-well was then
flowed, air assisted; until 7:00 p.m. with temperatures from 198°F. to 225°F
and pressures from 10 psig to 25 psig with surge pressures as high as 125 psig.
During flow testing, the:well never sustained unassisted flow. It was visually
estimated that the water flow was approximately 1200 barﬁe]s/hourm Flow rate
was too low for critical flow (Russell James method). | V

Pressure:Temperature Survey

The original numbers quoted from the fField gave an impossib]e pressure vs. depth
curve (broken line FIG I) but this appeared to be a simple transcription error.
Adjusting the quoted depths gave internally consistent plots (solid lines FIG I).
The reservoir pressure was too Tow for the well to,f]ow'unassisted-(artesian
flow). An increase in temperature of 70°F or more, hoWever, would reduce the
static head pressure below the static reservoir pressure and there would be a
possibility of unassisted flow. :Considerable fluid loss had occurred during
drilling, cooling the reservoir in the vicihity of the well bore & it was decided,
B therefore, to unload the hole and draw the hotter fluid (if any) from the reser-

voir into the well bore.

Results E ‘ : ‘

The well bore was unloaded and some 3000+ bbls of fluid produced but the highest
temperature recorded was 225°F at 15 psig. (Saturatidn temp.-fdr pure water |
247°F+). The amount of fluid which could be'produced was limited by sump capa-
city and flow testing was'suspended until a second: subsurface survey could be run.
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The second survey did not indicate éUbstantia]]y higher bottom hole temper-

atures and testing was terminated.

‘Conclusions - | = S
The temperatures encountered were too low for a commercié] geothermal well &
the reservoir pressure was too low for unassisted (artesian) flow. No data

were obtained on permeability thickness. -

S, s 4 Ao Sty b o o atem



FIELD NOTES
TUSCARORA. 66-5
April 22, 1980

TIME COMMENTS
1450 Air on @ 1500
1458 Water réeturns - 156°F 75 psig
1502 Air off-no flow T.D.S. 340 ppm pH 7.8
1508 . Water returns - 159°F 10 psig | _
1510 | . 185°F 35 psig T.D.S. 320 ppm pH 8.8
1515 Water returns ‘ ’
1518 ~ 197°F 20 psig T.D.S. 500 ppm pH 8.2
1528 E : 188°F 10 psig _
1545 . 186°F .8 psig. T.D.S. 600 ppm pH 8.4
1558 o 210°F 26 psig ‘soapy v
1610 : 210°F 20 psig soapy .
1611 Shut=in; air off, added 10 stands of drill pipe
1700 1st water returns 144°F '
1703 : 204°F 10 psig
1705 - 221°F 125 psig (surge)
1707 | 215°F 35 psig |
1710 » 198°F 5 psig soapy
1716 _ ' 217°F 50 psig soapy - air off
1730 _ 200°F .20 psig soapy - air on
1737 , | 225°F 15 psig' no more soap added
1743 ' . 207°F. 25 psig
1750 ~ 198°F 20 psig
1755 - - C o - 205°F 25 psig
1812 . 220°F 20 psig
1820 ) ' 220°F 20 psig
1835 | . 222°F 21 psig |
1844 - 221°F 19 psig T.D.S. 800 ppm pH 9.0
1857 |  222°F 19 psig |

Estimate of water flow approx. 1200 Bl/hr.-
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“ DRILLING SUMMARY
TUSCARORA 66-5

ELKO COUNTY, NEVADA -
‘Operations. | _

Move in on.the well began on FebruakyVG, 1980 in the midst of unseasdnab]y
warm weather that included quite a bit of rain. As a result of the
weather, movement on the access road ahd the drill pad was slow and
difficult. M0bi1izafion took ten days Eather than ﬁhe estimated seven.

The well was spudded on February 16th. The:road and location problem
continued to plague the project'uhtil about the first of Apri] and 1is
'eStiméted:to have cost 5603,000 in difect costs‘(not'inc1ud1ng lost rig
time and intangible. affects on,attitudes, performance, extra trénsportation
charges,‘etc.).‘ Drilling proceeded well with minor lost circulation until
2232 feet. At 2220 feet we decided to set casing when the ke]]y was
drilled down because thé #2 pump cratered. At 2232 feet circulation Was
lost but was regained using lost circulation'maferia1 in a gé1 pi]i. Logs
were rﬁn, casing was- run and cement pumped. Cement returns were lost and
cement did not reach surface. A Cement Bond Log indicated that the cement
top was at 1772 feet. The anhu]us wés sanded back td surface while the pad
under the mud pits was replaced beéausevof settlement due to the contractor
'fi1]ing oVer fwo fdot of'ice and snow (4 days 1ost), Drilling proceeded -
with minor prbb]ems (one'fishiné job, .]0 hrs) until 4760 feet. At 4760
_ feet,'a major 1os£_circu1ation ione'waé enchntered. A cement plug was
required to control the zone as was also the_case-with a zdne'at 4970
feet. Lost circuTation was again encountered at.5184-5214 feet. Control

over this zone was never obtained in-spite.of spotting 5 LCM-gel pills,

three cement p1ug$ and one open .hole squeeze. After the ‘squeeze attempt




fajled,'tﬁe dff]]ﬁng'f1uid Waé switcﬁed to Wéter untﬁ1'a%r éompressofs
arrived at which,tihe'aérafed water was'used{ .Ab0ut.six:hours after"
bégihning to drill with aerateduwater} the well began f1ash1ng steam and
hot water. _ . |
At that point, a test flowline was installed and the well was tésted.‘
Downhole tempefatures and pressures were insufficient to permit unassisted
flow. Hole size was reduced and an attehpt to driil ahead was made. .The
‘hqle contfnued to surge iﬁtérmiftent1y.and hole stébi]fty deteriorated.
causing constant s]oughing.‘ It was decided not ﬁd set an intermediate’
casing string:so drilling ceased. Attempts to log the-ho1e resulted in
only two logs being run'to,TD:because of hole cavihQ_brob]ems. The rﬁg Was
-released on April 29th.
Statistics: |
TD - 5454 ft
‘Rotation: 624-1/2 hrs
Tripping: 143 hrs
Evaluation: 346 hrs
Bits: 17-1/2 - 3

12-1/4 - 11

8-3/4 - 1




<. . . DRILLING HISTORY
o I - Tuscarora 66-5
A‘E]kO'Co;; Nevada.

2-16-80 . "Spud Gel-water. 17- 1/2 in ho1e

2-17-80 - Drlg 844. Gel-water . - ‘ '
2-18-80 ° Stuck pipe @ 970. Gel- cellex water. Drlg. 1063
2-19-80- Repairs. Drid to-:1324 = - . S
2-20-80 . :Dr1g. 1420. Lost 65 bb1 mud. NB #2 -
2-21-80 - - Drlg 1504 - - -
2-22-80 Drid-to 1567 Tr1pp1ng for shock sub
2-23-80 Drlg 1736. Losing 2-4 bbl/nr - ‘
2-24-80 - Drlg 1795. Losing 2-4 bbl/hr. Mix LCM.
2-25-80 Drid to 1869. Tr1pp1ng for bit -
2-26-80 - NB #3. Drld to 1926. Tripping for shock sub
2-27-80 Drlg 2092 °
' 2-28-80 Drid to 2232. Formation change. Los1ng f1u1d 2-5 bbl/hr POH
2-29-80 - Mixed LCM and gel-pill. Spotted at 2232. Regained. 100% returns
'~ Conditioning hole for logging -
3-1-80. Ran Schlumberger logs. Made wiper run.’ Preparlng to run casing -

3-2-80 - Ran 785 ft 13-3/8, 61.-#, K-55 Butt and 1447 ft, 13-3/8 54.5#,
. S K-55 Butt w/gu1de 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 f]our + 4% R~5 +
.225% R-11. No returns to surface .

3-3-80 WOC.. Tried to run Sch]umberger CBL-tool fa11ed
3-4-80 - Ran CBL. WOO - - _
. 3-5-80 Sanded back csg. Rebuild loc -
3-6-80 N.U. BOPE. Rebuild Tocation
3-7-80 . ' ] S oon :
3_8_80 un ' "
3-9-80 Tested BOPE Dr1d out cmt Lost 85 bb] 2233 2280 Dr1d to 2315.
S POH for BHA '
3-10-80 . Drid 12-1/4 hole to 2500 Mud gel- ce]]ex water POH for
T - - Kuster survey -
3-11-80 Ran Kuster survey. Dr]d to 2642
3-12-80 Tripped for bit. NB #5. Drlg 2761
3-13-80 Drld to 2798.. Backed off bit. Screwed back 1nto bit.
POH. RR #4. Drlg 2813 '
3-14-80 Tripped for NB #6. Drig 2909 :
3-15-80" Drld to 2961, Twisted off POH. RIH w/overshot, caught f1sh o
' . POH w/fish. =~ -~ .
3-16-80 Kuster survey. NB- #7 Drlg 2977
3-17-80 ~ Drld to 3068. TOH for NB #8. Drlg. 3088 . '
3-18-80- - Formation change. Fluid: loss 10-65 bb1/hr. Drlg 3241 .
3-19-80 . Drld to 3275. Tripped for NB #9. Tripped for wrong-stabilizers




2.

Tr1pped for wrong stab111zers ‘Brlg 3408 ©
Drilling- 3555 o S
Drld to 3561. Tr1pped»for NB #10.an1g.,3607
Drlg 3757 ]
Drid to 3802. Tr1pped for NB #11. Drlg. 3821
Drlg 3954

Drig 4106

Drld to 4118. POH. Ran GO Temp 109 Ran Kuster survey

NB #12. Drlg. 4141
Drlg. 4350

. Drld to 4417..Tr1pped for NB #13

Drlg. 4585

‘Drld to 4768.. Lost 1120 bb1l. Tr1pp1ng 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 e
Clearied out cement. Cleaned out mud pits. M1xing new mud L
Drld to 4970. Lost circulation. Building volume

Build mud volume. RIH drilled out bridge @ 4820. Mix LCM. C.0.
hole to 4970. Drld to 498/ w/partial returns. P1ts empty.
Building volume

Spotted gel-LCM pill. Spotted 175 ft3 Class G. Cleaned out
cement. Drlg. 5014

‘Drld to 5184. Lost circulation. Spotted ge] ~-L.CM p111 Drid to .

5214, POH-5 stands. Mixing gel pill
Spotted ‘ge1-LCM pill. Spotted 141 ft3 Class G. woc Tried

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

175 ft3 Class G. WOC |

RIH. Drld firm cement. Lost circ. @ 5180. Spotted ‘175 ft3
Class G. Mixed mud. WOC. Drl1d 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. Drid w/10% returns to 5214 Spotted LCM pill -

10% returns

Spotted 440 gal sodium silicate fo11owed by 175 ft3 Class G
cement. Drld cement to 5215 w/compliete returns .

Drld to 5247. Losing too much f1u1d Spotted LCM pill.

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. Experimented 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

" Drld to 5374. Hole not c]ean1ng Mixing gel to pill to clean
- hole.
Drld to 5409. Swept hole w/gel pill.  Rigging up for air




4-26-80"

4-27-80
4-28-80
4-29-80

3

Began using aerated water. Reamed .to 5359. Well began flowing
and. flashing 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 p111. Dr1d to 5454 w/aerated

water. 803/4" hole

Drawworks broke. Stuck pipe. Freed p1pe. Hole caving. Made
short trip.. Mix gel pill. 210" firm fill. Hard fill 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- Ca]

Temp log would not go past 2790. R1gg1ng down

Rig released 0800 °




LITHOLOGIC LOG

" Project:

'Tuscarona
" Hole: 66-5
Elevation:___ 5300' o ~ Date Drilled: Spud in Feb. 16, 1980
‘Location: NW-1/4, SE-1/4 Sec. 5 _"' p Method: rotary/mud»&-water‘ |
. 41N 52E . - ‘ rotary air .
Geologist: Pi]kington/Sarben ‘ Gamma:
"Deptn (m{ft) DescniptiOn

0 - 1000

1000-1660
1660-1810

1810-2000

2000-2150 |

2150-2240
2240-2400

2400-2530
2530-2570
2570-2940

- 2940-3070

©3070-3420
3420- 3520

Vo]canoc]ast1c sed1ments, sandstones, brown s11tstones,

“brown oil shale. Tert1ary

Crysta1-1jth1c tuff, likely pipe feature. Lithic fragments
black siltstone. Some celadinite alteration, pyrite and quartz
fracture fillings. Lithics bedrock (pa]eozoiC)? -

Dark‘gray/b]ack'si1tstone and fine sandstone. ‘- Some.gray cherty
1ayers At 1700" rocks similar to those from 860-24 dr111ed _

1n schoonover format1on

Crystal 1ithic tuff, a]tered, 5111c1f1ed pyr1t1zed
as above

Interbedded dark'gray siltstone, sandstone. Fracture fillings
quartz, disseminated pyrite : o

Crystal 11th1c tuff as above

Interbedded gray/b1ack s11tstone, very fine- sandstone, black
shaly siltstone. At 2290 1st appearance of foliated texture
related to hornfelsing. _ v

Tuff pipe and sediments as above

Siltstone, sandstone,‘shale, hornfe]sed phy]]1t1c sheem

Med. to course gra1ned orthoquartzite
some recrystallization Qf silica cement

Interbedded sandstone, siltstone & shale»
more evidence of thermal metamorphism

phyllitic sheen, green cast (ch]or1te deve]opment)

most]y quartzite, some f011ated 1ayers of ch10r1te sch1st

Quartz fe]dspar dike, wh1te sugary texture, embayed qtz crysta]sf




- Page Two

~ LITHOLOGIC LOG

Project: Tuscarora

“Hole: 66-5
Elevation: Date Drilled:
Location: " Method:
Geologist: Gamma:
Depth (m) _Description
3520-366(0 hornfels ‘
3660-3820 mostly quartzite
1 3820-385( calc-silicates, first appearance of talc and first impure limestone
3850-44700  interbedded hornfels and quartzite.
4470-45000 calc-silicates, talc, tremo]ite
4500-4610  interbedded siliceous rocks
4610-516d carbonates, tremo11te, chlorite, ta]c, pyr1te
5160-5270 (no returns)
5270-533(  massive translucent quartz
. 5330-5443 argillite, silty, abundant quartz veins format1on highly
fractured and silicified. '
veins micro sized and larger f1]1ed w1th translucent quartz
very hard dr1111ng
5443-5454
0 soft; cutt1ngs a s]urry red/orange clay, st1cky and

striated color _

patterns in larger pieces

argillite that dissintegrates under bit
30% red orange clay

possible fault zone
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