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GRACE GEOTHERMAL CORPORATION
BALTAZOR HOT SPRINGS PRUSPECT. NEVADA

SWDX JOE NO. 23-82

INTRODUCTION

During the period-frcm September 21, 15982 to
Navember 1, 1982 cre pecthermal test well was drilled
within the Ealtazar Hot Springs KGRA in noarthwestern
Nevada toc a total depth cf E,SEQ feet (Figure 1).
Température—depth prafiles from two temperature surveys
rurn iv the open hole are opresented in Figure &, The max—
irmum temperature recorded was 223.77 deprees F at a total
survey depth of 2,430 feet. Geothermal pradients from
seiected intervals in the well ranped from 2.85 depF/l@@aft
tc 11.00@ depF/12@f¢t. Irdividual temperature-depth nplots,
gradiént‘plats?>and interval gradient gqus are orovided

irvn Apperdix A. Rock types encountered ranged from uncon— -

v

solidated'alldvium‘to rhyolitié and basaltic ficws, tuffs

and flow breccias. A lithdlogic section for the well is

f .
provided in a pocket at the back of the report (Figure 3).
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Thermal conductivity measurements were performed on a
total of 26 drill cutting samples that ranged from 2.9
TCU to 5.5 TCU (1 TCU = 1 mcal/cm—-sec—-degl) and are
oresented in Appendix B. Selected heat flow data for
the well are pravided in Table 1.

well 45-14 was drilled by Scuthwest Drilling and
Explaration, Irc. utilizirng a Gardrer Derver Q2@ rotary
drilling machine with a S3 foot mast rated at 10@, @20
1bs. capacity. Drilling conditicns rarnped from moderate
ta difficult with the major problems resulting fraom
the.-hard and fractured rhyclite seéuence in‘the upper
part of the well. Drilling rates below 1,752 feet were
greatly reduced as a result of decreasing the weight on
the bit to keep the vertical deviation within the
requiréd 4 degrees. Fluid losses were contaired to a
miniimum below the rhyclite sequerce and did rict present
a major problem. Selected drilling data and a detailed
drilling history are provided in Aoperndix C.

Earth Power Producticon Company completed two test
holes in the immediate area ivn Jure and July 1973.
Borehcles BZ 150@-1 ana BRZ 150@-2 were drilled to depths
of 1,543 feet arnd 1,434 feet respectively. Selected
temperature—depth plots from these holes are included

in Appendix D.




TAELE 1

HEAT FLOW DATA

BALTAZOR HOT S

PRINGS

HOLE NO: 45-14
SWDX JOE NO. 23-8z

RN TOTAL BOTTOM BRADIENT A BRADIENT CALC SURF BRADIENT THERMAL HERAT
NUMBER DEPTH HOLE TEMP  (DEG F/ INTERVAL TEMP {DEG F/ CONDUCTIVITY FLOW
{FEET) {DEG F) 108 FT)# (FEED {DE6 P&+ 188 FN+ {TCU) ++ {(HFU) }

1 243Q 223.77 6.9 suae-1z8@ 7.1 4,33 3. 6(6) 3.2

. 144@-1320 22.6 8. 48 3. 443 S 3

‘ 132@-212@ -25.7 11. 2@ 3. S(2) 7.@

2 1567 161. 41 6.8 caa- S0 5Q. 5 2.25 4,@(4) 1.6

‘ T S00-140@ 56.9 6. 28 3. 4(3) 3.8

142@-1567 3.8 8.:26 3.1(1) 4.7

Gradient A = The bottom hole teaperature minus an estimated mean
annual surface tesperature of 53 degF divided by the total depth.
Extrapolated surface temperature.

Least-squares geothersal gradient calculated over the gradient
interval. .

TCU = mcal/ca-sec-depl. Number of thermal conductivity saamples
for each interval in parentheses.

HFU = microcal/sq-ca—sec.
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GEDLOGIC SETTING

Baltazor Hot Springs is located along the north-
western margin‘of the Basin and Range province approx¥
imately five miles soufhwest of Denio, Nevada in north-
western Humbclt County. Well 45-14 was drilled approx-—
imately cne—-half mile west of the hot springs near the
Ease of the Pueble Mountain Range.

The oldest rocks in the Baltazor Hot Springs area
are Permian te Triassic metaéedimentary and ﬁetavolcanic
rocks (Hulewn, 1373). These are intruded by Cretacecus
dicrite and guartz dircite rocks (Edquist, 1981). The
metamcrphic rocké are urnconformably overlain by Miccene
basalt énd andesitic basalt flows and flow—-breccias.
Thin herizons of felsic to intermediate flows and ash-
flaw tuffs are interbedded Qith thevbasalts. Dense
Miccene rhyolite and rhyclitic flow-breccias lie discaon-—
formably con the basalt sequence. This unit is up to
4@ feet in thickress, very resistive and typically
forms caprock and ridoes in the Baltazor area (Hulen, 1373).
Miccere felsic ash—-flow tuff and tuffacecus sediments lie
unconformably on the rhyclite and basalt sequerces.

iThe structure in the Baltézar Hot Sorings aréa ié
daminated by modérate ta highéangle ricrthwest to north-
east trendihg.Baéiﬁ aﬁd Range'faults (Hulen, 1373).

- Water te%ﬁefafuraé at Balfazor'Hdt Sbriﬁgs are up
to E@@vdegrees F. Reservoir témpératures of 323 degrees

F'and 306 degrees F have beern calculated usirg the silica



n

and Na-K-Ca gecthermcmeters respectively (Garside and
Schilling, 1973). Hydrothermal alteraticn in the area
is characterized by chalcedony bearing calcite veins

and argillization of the host rocks (Hulen, 1373).

RESULTS AND DISCUSSION

Twa temperature surveys were run in the open hole
after completion. The first survey was run 22 hours
éfter_the well was reamed to a depth of 736 feet and
134 ﬁours afterAthe hcale had been circulated belocw this
depth. This survey was run tco a total depth of &,430
feet. The second survey was rurn 26 days later to a
depth of 1,567 feet where the cpen weli had beccame
bridged with gray-brown clay. Temperature profiles
from these surveys are provided in Rppendix A.

Thermal conductivity measurements wére performed
on a total of 26 drill cutting samples from selected
intervéls using a divided-bar cell apparatus. Porosity
values used to calculate in-situ thermal conductivities
were estimated comsidering lithology, pernetration rates,
and drilling fluid lcosses. Ir—situ thermal conductivity
values ranged ffom‘2.9 TCU for an ash—-tuff sample to
5.9 TCU for an andesitic basaltvsample (1 TCU = 1 mcal/
cm—sec—degcf;. The aVéhage the%mél conductivity for the
well ié E.BITCU. Individﬁai'fﬁerﬁal conductivity data

are presented in Appendix H.

]
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Temperature—-depth profiles from the first temper-
ature survey show three distinct gradient breaks belcw
822 feet which do not correspond to thermal conductivity
contrasts. The upper oradient interval from 8@ feet to
1,282 feet Has a least-squares gecthermal gradient of
4,93 degF/120@ft. This is the lowest of the three grad-
ients measured and the character of the profile suggests
that tﬁere is a significant comporient of convective heat
transfer in the formation through this interval. The
gradient interval from 1,44@ feet to 1,328@2 feet appears
to bé the least disturbed and the calculated‘geothermal
gradient of 8.48 degF/12@ft is probably the cleasest
value to the true corductive gradient. Temperature
distributicné in the lower portion of the well sdggest
that canivective heat transfer within the borehole itself
is producing a deceivingly high gradient of 11.Q0@ degF/
iwmft between 1,320 feet and 2, 120 feet.

Data from the second temperature survey confirm the
presernce of latera} gnoundwater movemernt through a warm
water aquifer at a depth of approximately 2@ feet.

'
Grourndwater movement is alsc evident in the temperatQﬁe—
depth praofiles in borehales RZI-15@@-1 ard EBZ-1S@@-=
(Ziagos and Blackwell, 1381). AThe charactér of the curve
belcw the aquifer suggests that wafm groundwater has
been present in'this zdﬁe“fqr less than 1,200 years.

Heat flﬁw values were calculated for the selected

oradient intervals and are presented in Table 3.
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Calculated heat flocw values ranged from 1.8 to 7.@ HFU

(1 HFU = 1 pcal/sg-cm-degC). Heat trarnsfer between 1,44@
feé; and 1,320 feet appears tc be predominantly by
conducticn and the calculated heat flow of S.3 HFU for
this interval is probably the closest value to the true
conductive heat flow. Assuming that uniform conductive
heat flow exists below 1,440 feet, the thecoretical bottom
hale temperature can be calculated by extrapclating the
gradient between 1,44@ feet and 1,320 feet down to the
lithologic contact at 2, 18@ feet, calculating the pgrad-
ient. .in the andesitic basalt by dividing the heat flow

of 5.3 HFU by an average thermal conductivity of 4.8

TCU and contiruing this gradient down tao é,43@ feet.

Thé bottom hcole temperature calculated in this marnner

is 2&2.8 degrees F which is iﬁ good agreement with the
measured temperature of 223.77 deorees F. This result
suppcorts the conclusion that measured temperatures
between 1,72@ feet and 2,430 feet are disturbed by

fluid movemernt in the hole.

»
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CDONCLUSIONS

Thermal data ccllected from well 45-14 suggest that
heat transfer below a deptﬁ of 1,442 feet is predomir-—
antly by conduction. The conductive heat flow of .3

HFU calculated cver the interval between 1,44@ feet and

1,920 feet represents a minimum value for the total heat

flew at this lccation and is significantly higher than
the averagé background heat flow for the northwestern
Basin and Rénge province of 2. HFU (Sass, et.al.,1976).
Heat‘flow'Qalﬁeé‘greater than 4 HFU reqguire either
melting within the shallow crust or convective transfer
of heat by wafer or magmé.‘ Furthermcre, heat flow
values greater than S HFUvare representative of heat

flows found over ccommercial gecthermal fields.
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g;nppENDIX A

:TEMPERQTURE GRQDIENT, INTERVQL GRQDIENT
PLDTS QND TEMPERQTURE/DEPTH DQTQ ‘

HDLE NO 4u 14
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TEMPERATURE /" DEPTH DATH
HOLE NO: 45-14 )
SWDX JOR NO: 23-8zZ

RUN 1 RUN DARTE: 1@/31/82

DEPTH TEMPERATURE GRADIENT DEPTH TEMPERATURE GRADIENT
(FEET) (DEG F) (DEG F/10@ FT) (FEET) (DEG F) (DEG F/id@ FT)
& 3. 62 1262 124.73 4,7
aa 9g. 37 8.7 128 185.57 4,2
12@ 34, @1 8.2 1102 126. 40 4,2
120 37. 13 15,3 11z 127.21 4.
140 358. 48 6.5 1142 128. @7 4,3
16 33.74 6.3 1160 129.31 €.2
18@ 122. 87 5.7 118@ 13@. 27 4.8
2@ 121.77 4.5 1Za@ 131,17 4.5
2ea 122,57 4, Q@ 122 132. 30 5.7
24Q 1@82.79 1.1 . 124@ 133. @2 3.5
ZEQ 1@, 7@ -.5 126 133.85 4,2
Z8Q 1@0&. 37 -1.6 . 1z8®m 134,33 5. 4
32Q 1@2. 37 0.0 120@ 135.99 5.3
Jored: 102, 47 .5 132 137. 41 7.1
34@ 122; 44 : -1 134@ 1328. &2 4.Q
. 36@ 1@z, 27 -.3 1360 133. 82 8. @
38Q@ 19g. 2@ -.3 138@ 141,85 7.1
40Q 1@2. 13 -. @ 1420 148,67 7.1
42Q 132, 16 -1 142 143.5@ 4,2
44 102. 25 .4 144@ 144,66 5.8
4ED 122. 33 A 1460 146.66 12.@
480 12&. 35 .1 148Q 147.73 5.3
500 . 1@2. 34 -.1 152@ 15@. Q& 11.7
S52@ 122, 49 .8 520 © 151.79 8.6
54Q 122. 5@ .1 154 152.77 4,3
S6Q@ 1@2. 72 1.1 156@ 154,61 3. &
580 102. 97 1.2 158@ 156.55 3.7
@ . 1@z. 86 -6 160 158.23 8.4
ECQ 1@3. &2 1.8 162@ 16@.16 . 3.7
4@ 1@a3.77 2.7 164@ 162. 01 3.2
e6Q 1@4. 15 1.9 iscd 162.87 4,3
£6Q 124. 41 1.3 1680 165.13 ' 11.3
700 124,37 2.8 170@ " 1E66.41 E.4
7@ 106. 16 E.@ 1720 . 168.58 12. 8
74@ 1@7. 31 5.7 174@ 169. 5@ £.6
760 198. 41 _ 5.5 176@ 171. 86 3.8
78@ 11@. 82 1z.@ 178@ 174.27 iz. 1
S0@ 111.21 1.3 1802 175. 46 &. 0
B8z "112.28 5.3 i8zd © 177.€8 11.1
84 113. 48 6.Q@ - - 184@ . 178.94 - E.3
8&2 114,37 4,4 ot 1e6@ - - ' 18@. 38 7.2
882 . 115.46 5.4 . iese . 181,6Q@ 6.1
22 116.48 TS0 S 1%@d 183.14 7.7 )
gza - 117.36 Ch 4 L1920 .- 185.15 10.3
4 - 118.42 5.3 1540 0 187.43 11.5
36  113.47 5.3 13e@ . 15Q. 24 12.7
380 L 1ER. 24 . 2.8 1382 15:2.28 i1.2
10a2 121,28 4,9 ZQRQ 134,41 12.7
1QEQ@ Nez. 64 7.1 220 196. 62 11.@
1T5Q i23.79 5.8 Z04Q . 13E.51 S. 4
SOUTAWEST DRILLING & EXPLORATION, INC.
ST. GZGRBGEZ, UTAR




HOLE .NO: 45-14
SWDX JOR NO: &3-8&

RUN 1 ' RUN DATE: 1@/31/82
DEPTH TEMPERATURE GRADIENT
(FEET) {(DEG F) (DEG F/1@@ FT)
2060 ' 200. 84 11.7
zas@d Z03. 6@ 13.8
z100 ' 205, 24 8.
2120 c07. 0@ 8.8
214@ 21@. 41 17.1
2160 £11.86 7.2
zi18@ 211. 4@ —-2.3-
2200 213.31 12.6
2es 215.58 8.3
224@ 217.56 5.9
z26@ 218.74 5.3
2280 ‘ 213.63 4. 4
2300 220,71 5. 4
Z32 221.39 3.4
234Q 2. 02 3.2
Z36@ Zoz. 6@ 2.9
2380 2c3. 28 Z. 4
2400 283. 43 z.1.
2420 223.68 .93
243Q 223.77 .9

SOUTHWEST DRILLING & EXﬁLDRQTIDN, INC.
g7. BGEGRBE., UiRR
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GRADIENT (°F/100 F1ID

=30 -20 -10
I S 1T 171 1}
250
o -
S00
750
1000
l
1250
1500
B +
1750
2000 .
- INTERVAL GRADIENT PLUT B .
- HOLE NO.45-14 . | g S i
;%%%-szxfwtfm:'- = :
- $0UTH»’EST DRILLING 8 EXPLURATIUN -
- ST. GEORGE, UTAH A ]
!‘lyvl‘!"!LL!!lll'!||ll

. ogpp Lt




. TEMPERATURE DEPTH DATAH
HOLE NO: 45-14
I SWDX JOE NO: 23-82
l RUN & RUN DATE: 11/25/82
DEPTH  TEMPERATURE GRADIENT DEPTH  TEMPERATURE GRADIENT
I (FEET) (DEG F) (DEG F/1@@ FT) (FEET) (DEG F) (DEG F/1@@ FT)
8e 96. 13 1080 122. 15 7.6
100 101. 54 26.7 110@  123.85 8.5
' 120 1@3. 35 3. @ 1120 125. 14 6.5
14@ 1Q4. 74 N 6.9 114@ 126. 38 - 6. 2
160 105. 6@ 4.3 1162 129. 43 15, 2
182 106. @9 2.4 1182 130. Q@ 2.9
I oo 126. 46 1.9 1202 13@. 77 3.9
zE@ . 106.56 .5 1220 131.74 4.3
242 126. 51 -z 1242 132. 5@ 3.8
' ZEQ 106. 3@ -1.2 1260 133. 34 4.2
zaa 105. 98 -1.6 1280 134. 35 S, 1
200 . 105.693 -1.5 1300 135. 46 5.6
3z 1@5. 41 ~1.4 132@ 136. 77 6.5
I 242 1@5. 24 -9 134@ 138. 15 €. 9
360 1@5. @3 -1.@ 1360 139.65 7.5
380 124, 32 -6 13280 141.19 7.7
| 400 124,72 -1.6 140@ 141,12 -. 4
420 104. 31 -2.1 1420 147.63 32.6
44Q 103. 93 -1.9 1440 149, 42 8.9
4E6Q 1@3. 85 - 4 146@ 152. 54 15.6
480 123. 87 .1 148@ 152.79 1.2
S 103. 31 .2 1500 155. 6@ 14. 1
520 1@3. 96 .2 1520 156. 29 2.4
54@ 104. @3 .3 154@ 157.13 5.2
SEd 104, @6 .1 1560 158.75 8.1
58@ 104, 34 1.4 1567 161. 41 38. @
600 1@4. 52 .3
620 104, 62 .S
&4@ 124, 86 1.7
EED 105. 36 z. @
682 125. 79 2.2
700 106. 28 Z.4
72@ 106. 34 .3
740 126. 69 1.8
76 107. 19 2.0
782 107.73 32
8@ 128. 71 4.9
820 1@8. 90 1.@
84Q 129. 27 1.8
© 86@ 109. 84 2.8
882 110.53 3.5
0@ 111.28 . 3.7 ]
920 114. 16 14,4
94 114.5@ 1T
960 115. @8 2.3
980 115. 91 4,2
1200 , 116.96 5.2
1022 118.17 6. 0
1042 113. 41 €. 2
1 Q6D 120, 62 E. @

SOUTHWEST DRILLING & EXPLORATION, INC.
S5T. GEORGE, UTHAH




" THERMAL CONDUCTIVITY DATA

" HOLE NO: 45-14




SAMPLE DEPTH

(FEET)

21@-

3Qa-

S10-
570
61@-
70@-
8-

_ 8ae-

Sca-

712

aia

83a

93a

igea-121@

1118-112@

1Zaa-121@

1300-131@

1400-141@

1500-151@

1602-1610

17e@-171@

1802-181@

13@2-1391@

THERMAL CONDUCTIVITY DATA
BALTAZOR HOT SPRINGS

HOLE NO: 45-14
SWDX JOEB NO: Z3-8=2

ASSUMED
POROSITY (%)

THERMAL
CONDUCTIVITY (TC

u) =

(P s tn el

TR




(FEET)

THERMAL CONDUCTIVITY DATA
EALTAZOR HOT SPRINGS

HOLE NO: 45-14
SWDX JOR NO: 23-82

SAMPLE DERTH ASSUMED

POROSITY (%)

THERMAL
CONDUCTIVITY (TCU)=*

S -

ceQe-zala

Z1e@-211@

1 mecal/cm-sec—deg C

[V R Y
. L ]

o

A
m ® W ®m & O



'DRiLLINé'DﬁTQQP§§T f

"HOLE NO: 45-14




ORI TNG DATA
URTLLING DATA OLE NG 4514
" : Orilling Rate Mud Temperature
Lepth brophic (Feet/%our*) . —_— (1) {out)
(feet) MR R M. 0 B 1 O 0
> T 7]
250
1 > .
500 ﬁ 1
750 _%
1000 f‘
1 ™ 1
4 s -
- 1250 ’
T a
_— T <<§X2 ]
1500 - = }_ ==
s — T ‘ ]
v : 4 l -
1750 ~ — =7
A T _,_} K\ i
) ) L 4 -
| | A <><L
1 < i
Jidas 1 ol B
2000 1 lUﬂ, y” 1 —s:_\%'\i ]
i 2 T —==] ]
2250 Ty 5 - ~ -
il 1 JtL | i\
2500 T  — o
T 1 )
—x 1]t 1 t - ‘ | ! H ! . ' ' i |
SOUTHWEST DRILLING T SwPiliaTipn AL




DATE

DRILLING HISTORY

DEPTH

HOLE NO: 45-14

SWDX JOE NO: 23-8Z

SUMMARY OF OPERATIONS

9/21/82

9/22/82

B/23/82

9/24/82

3/26/82

3/27/782

9/28/82

3/23/82

9/30/82

19@-

=8a-

394—

47—~

SOUTHWES

19@

407

rotary table clutch linkage.

‘Af:dGWn stablizer.
:_g{1n rhyollte..

' Dr111 to 442’ in rhyolite.

Move rig to site. Build rcad and pad. Dig
orne mud pit and rig up.

Contirnue to rig up and dig second mud pit.

Finish digging mud pits. Haul water and mix
mud. Send flat bed truck to pick up casing.

Stir up mud pits. Spud hole at 7:3@ am with
17 1/2" bit and drill to 36’ in alluvial fan
deposits. Set 12 1/4" surface casing to 367,
Mix cement and pump down cutside of casing.
Build and install flowline.

Make up 8 3/4" bottom hole assembly and drill
to 147'. Trip to check bit. Run in hole
with 9 778" bit and ream froem 367 to 1477,
Drill to 19@' with 9 7/8" bit. Drilling in
alluvial fan deposits to 180, rhyclite to
1950, '

Trip to check bit amd adjust
Drill to 2@7°.
Trip to lay down stabilizer and drill to 28@°
in rhyolite with 3 7/8" bit. .

Drill to 20@'.

Drill to 312" and enccunter lost circulation
zone. Loose 1/2 pit of mud. Mix mud and
LCM. Regain c1rculat10n. Drill to 3947 in
rhyoclite.

Mix mud. Drill to 4@7' in rhyclite. Trip
out of hole and make up 12 1/4" hole operner.
Ream hole from 367,

Continue to ream hole with 12 1/4" hole cpen-—
er to 407'. Trip out to lay down hcole aperner.
Clean mud pits and mix mud. Run in hole with
9 7/8" bit and drill to 417'. Trip to lay

Run in hole and drill to 4217

Trip cut of hcle.
Make up ‘hole opener. Ruri in hcoclie and ream
hole with_12 1/4" operer from 4Q7°.

DRILLING & EXPLORARTION, INC.



18/701/82

1ase2/82

lasas/82

1a/7Q4/782

1@/05/82

1e/@6/82 -

1a/@7/82

1Q/@8/82

i@a/e3/82

ias1@a/82

1@/11/82

__DEPTH
442 44p
442~ 447
442~ 442
442— 442
443- s25

643— 736
736~ 75@
75a— 881

8gi1-1018

. Run 9 5/8" casing to 402'.
" good returns. Wait on cement.

 Wait on cement. .Dig cellar for BOPE.

-Trip to change bit.
- change at 87@' to basalt.

SUMMARY OF OPERATIONS

Continue to ream hole with 12 1/4" hale open-
er to 418'. Pull out of hole. Gearhart log-
ging hole. Run 9 S5/8" casing. Unable to get
casing past 320'. Pull casing out of hale.

Continue to pull casing out of hole. Make up .
stacked hole opener. Run in hole with 12 1/4
stacked hole opener. Ream to straighten hole
from about 280°.

Continue to ream hole to straighten d°?” to
483'. Pull out of hole and lay down pipe.
Cement casingj

Cut aoff

casing, weld on well head and install EOPE.
Test BOPE; passes test. Clean mud pits. Make

‘up 8 3/4" down hole assembly.

Run in hole with 8 3/4" bit. Tagged cement at
369'. Condition mud. Drill to formation 4287.
Trip to change to 6 3/4" bit and stablizer.
Drill in altered rhyolite to =2%5'. SQ@' tc
o2@' is vesicular rhyolite and ash tuff.

Drill with 6 3/4" bit to 649'. Drilling in.
vesicular rhyolite to 57@', and rhyolite tc
61@'. Litholcgy change at 610' to andesite
where drilling slows.

Drill with 6 3/4" bit to 660@'. Trip to charge
bit and drill to 736" in andesite.

Drill to 735@'. Pull cut of hole to switch
from mud to air. Run in hole. Encounter
too much water (“M2Z@@ GPM). Pull out ©of hole.
Switch to mud and ream hole.

Continue to ream hole with 6 374" bit to 75@r,
Drill to 881'. Lithology

'Drill to 94@" in basalt, to 970 in #sh flo,
- sguff, to 99@' in basalt, to 1018’ in bessal:y
. elay. Trip out of hole at 3932’ to cleen -

-6 3/4" bit and put in jets.

1218-1228

Continue to drill with 6 3/4" bit from i2:g°
tc 1228 in basalt.

SOUTHWEST DRILLING & EXPLORATION, INC.




1as12/82

ia/13/782

1as14/8z2

1@/15/82

ia/16/82

1as17/82

ias18/82

1@a/s139/782

lasza/82

1@/21/82

1@a/2z2/782

SUMMARY OF OPERATIONS

1612-175@

1750-1804

184-187¢2

1872—-1913

1913-1954

SOUTHWE

“of hele.

. 18@4".

‘bit.

- to 2038

© survey (3.75 deg off).

57 DRILLING & EXPLORATION,

Drill fram 1228 tco 1483 with 6 3/4" bit.
Drilling in basalt with blue clay.

Drill with 6 3/4" bit to 143@' (still in
basalt with blue clay). Thin mud and drill
to 157@' in basalt. Trip ocut of heole to
check bit. Clearn mud pits and run maintain-
ence on rig. Mix mud and run irn hole with

& 3/74" bit. Drill to 1612 in basalt.

Drill with 6 3/4" bit toc 175@' in basalt.
Circulate to clean hole and drop drift tocl
{bad run). Run in hcole and mix mud.

Drap drift tcol apain (6 deg off). Trip out
Maintairnence. Mix mud and rurn in
haole with 6 3/4" bit, drill in basalt to
Drillirg with reduced weight orn bit
toe straighten hcole. : .

Drill with 6 374" bit from 18247 tc 1872 in
basalt with ash/tuff.

Drill with & 374" bit ta 1833'. Mix mud and
continue down to 1313 in basalt. Drop drift
tocol (3.25 deg off). Pull cut of hole. Run
maintainence on rig.

Rig maintainence. Run in hcole with rew & 1/2"
Drill to 132@2'. Mix mud and continue to
1354 in basalt. : ’
Drill to 1994 with € 1/2" bit. Circulate and
drop drift tocl (5.75 deg off). Pull cut of
hale, maintainence, run in hgele. Drill ahead
with 6 1/2" bit in basalt.

Drill ahead to 21327 in basalt with 6 1/2" bit.
At 2064' added water to pit to reduce viscosity
of mud. Rig maintainence at 21147,

 Drill ahead to £184' in basalt with 6 1/2" bit.

Open 3rd mud pit and mix mud., Pull out of
hole - 12 buttons missing from bhit. Install
new 6 1/2" journel button bit, mix mud and run
in hole. Circulate and run wireline deviatiaon’
Pull out of hcole -
plugped flecat. Clear mud pump and lines.

Mix and conditicn mud. Drill
with € 1/2" bit to 22688' in basalt to 2132, to
2268’ in andecsitic basalt. Water added to mud
pits at 2134',22@8', and 22547, :

Runi in hole.'

INC.




1a/24/82

la/s25/782

1a/26/82

1@/27/82

1@/28/8¢2

1@a/23/782

1@6/3@/82

1@6/731/8&

11/@1/82

2462~2529
2o29-25293
2529-2529

SOUTHWEST DRILLING & EXPLORATION,

‘line clutch, will not pull pipe.

SUMMARY OF GPERATIONS

——— . — s i S . Y S it e T P o S S o T Tt T S7oT? s T T . it VO S o ‘o T S SO . i i e

Drill ahead with & 1/2" bit toc 23@@' mixino
mud at 22394'. Run wirelirne deviation survey
at 232@"  (2.25 deg off). Drill ahead to

2375 mixing mud at 2354'. Drilling in andes-—
itie basalt 2268' to 2373'.

Maintainernce (repair pump clutch ycke). Drill
ahead to 240@@'. Circulate arnd run wireline
deviation survey (2.0@ deg off). Drill ahead
to 2434'. Maintairerce (charnge hoisting line).
Drill ahead to 24627, mixing mud at 24547,
Arndesitic basalt 2373 to 24627,

Drill ahead to 25@@' with & 1/2" bit. Circulate
ard run wireline deviation survey {(bad run).
Drill ahead to 2513', circulate, and run survey
again (5.0@ deg off). Drill to 2583 in
andesitic basalt. Pull cut of hole.

Maintainernce (clean and re-install hoist line
clutch). Clean mud pits and mix mud. Main-
tairernce (change battery on rig, air line on
draw works, and check gear baxes). Run in
hale arnd mix mud. Problems with hoisting
Pull out

of hole.

‘Maintainernce on hcaisting line clutch.

Rum im hole to
Ream hcole

Make up 8 S/8" hale cpener.
475, Stir mud pits and mix mud.
from 4737 tca 7587.

Ream hole with 8 S/8" hale cperner from 7587
to 7367.

Pull cut of holevand lay down pipe.

Pick up
and load equipment.
Run temperature survey on hole. TD = 2430°.

Rig down. Move rig to Denica Junction.
Remave mud from pits. '

INC.




HEPPENDIX D‘;;i

iTEMPERnTURE GRADIENT, INTERVAL GRQDIENT"f,
| PLOTS AND| TEMPERQTURE/DEPTH DATA

}”f‘HDLE NOS. BZ 14@@-1 & BZ lu@@—J




DEPTH (FEET)

TEMPERATURE (°F)

01 43 160 180

290

220 240 2ED 2h0
h_.zx*» x;xzz,.gn)r‘ K.TI; T T T r;r;ﬂ
- -} ~ X . i
— fa 3 % _ .
- g ;
200 e
= . px - N
- fqg T
%
i & i
400 =
X g § :
2| -
500 |- £ 1
v a |3
P~ -4 :';.' ] -
_ g | i
2 z
- 2 % B
g |z
- s .i |
800 —g +
= B z .
5 2 | = R
2 | 2 .
™ e | % i
- g |3
1060 4 s
o g :" -
- gl %
- 2 3 R
" ‘?5 Z .
1200 4
n % .
. 7 = -
a %
1400 e
_ % | TD <1543 -
- % FEET .
_ £ |BHT=13S. GO R
- < DEG F -
1600
- TEMPERATURE FROFILES - -
- HOLE _NU. BZ 1500-1 ' .
- 672579 (@) -
1s00— ~ T B
L. SQUTHWEST CRILLING & EXPLGRATION -~
ST. GEJRGE, UTAH ]
2030 1 A | t \ ) ] 1 ! | .| | 3t ] 1 LA | 1 1t [}




DEPTH (FEET)

TEMPERATURE (°F)

140 160 180 200 220 240 260 280
vV X LBV ;‘ 1R L I | A ] LI B DL
B X X x . | CRADIENT INTERVAL 700- 960 FT |
B GRADIENT = .77 DEG F/100 FT |
B § CALC SURF TEMP =177.0 DEG F ]
g -
200 .{4xx RUN 2
- X ~
3 \1 I
L .
400
- -
600
B ‘ .
800
}. —
1000
1200
r— —
— n
1400
_ TD =1543 .
- FEET i
_ BHT=195. 00 -
- DEG F i
1600
- GRADIENT PROFILE N
- HOLE NO. BZ 1500-1 7
- - -
L SIaTE e -
1800 —
| 'SOUTHNEST ORILLING 8 EXPLORATION -
N ST. GEORGE, UTAH -
1 S | | N O S N ‘ J S N | I O | i A S . 1 | I R . |

2000




DEPTH (FEET)

2000

-
TEMPERATURE (°F)
140 160 180 200 220 240 260 280
o IR LRI 1 Ty ]x 3 1 11 b ﬁ‘ IR ' LR
i X Xx. | GRADIENT INTERVAL 970-1210 FT]
B ‘s% GRADIENT = 1. 44 DEG F/100 FT ]
| CALC SURF TEMP =170.6 DEG F ]
— . X 7
200 . PRl L
- % i
E {X; :
aad ‘} —
400
L g i
- P
600 [ # )
- % —
and ; =
r-
800
- 4
1000
_ i
- ~
1200
1400
N D =1543 ]
- FEET .
_ BHT=195. 00 ]
n DEG F 4
1600 -
|} GRADIENT PROFILE =~ ' .
- HULE NO.BZ 1500-1 | -
k ° = - - 'A Ry N e
" 1800
- SOUTHNEST DRILLING 8 EXPLORATION .
_ "ST. . GEORGE, UTAH B
| I I B LJ s 1t !J 11t .t S E | I S | | | R N I




DEPTH (FEET)

TEMPERATURE (°F)

280

140 160 180 200 220 240 cE€0
'ULTIIZ T T T T R S A e O R A U N R
) % < . | CRADIENT INTERVAL 1210-1543 FT:
- “¢. | GRADIENT = 2.05 DEG F/100 FT
B ] cALc surF TEMP =163.1 DEG F
- 4 —
,<™) RUN
200 —- <
b .i;" - .
<
— .’.{’(' —
400 A
- B3 -
= _.';? —
600 +
B ;g i
800 %
e o< -
i g .
= 4" -
1000 %
- -
1200
r—- o~
b -
1400
n TD =1543 .
o FEET -
| . |BHT=195. 00 _
r. DEG F _
1600 _ —
— GRADIENT PROFILE . - .
- HOLE NO.BZ 1500-1. B -
L eper9 e g
1800 +— B
| SOUTHYEST DRILLING & EXPLORATION -
n ST. GEDRGE, UTAH ]
1 1 M ! | 1 { 1 1 ] t t 1 1 ! 1 b 1 1 bl ! k J. i 1 | L | 1 -

2000




DEPTH (FEET)

GRADIENT (°F/100 FT)
-60 -40 -20 0 20 40 60 80
ULIIII I T S e S B S T R I Y D L L LU O L SN
400
N -
600 i
800 ]
1000 |
1200 )
e TD =1543 -
L *—25:”( FEET .
- ‘f_* :
1600
- INTERVAL GRADIENT PLOT 7
- HOLE NO. BZ 1500-1 = - - .
1800 L PN SRR | P 4
- SOUTHWEST DRILLING & EXPLORATION N
L ST. GEORGE, UTAH -
b I S B L. 1 1 i N R T 1 .l | - ) E I . | i N | l. | I N T 4

2000




TEMPERATURE/DEPTH DATA
HOLE NO: BZ 132@-i
SWDX JOB NO: Zi-82

RUN 1 RUN DATE: &/&5/73

DERPTH TEMPERATURE GRADIENT DEPTH TEMPERATURE GRADIENT

(FEET) (DEG F) (DEG F/12@ FT) (FEET) (DEG F) (DEG F/10@ FT)
ca 167. 9@ 1020 175.50@ -2.5
4 178. 9@ 55. @ 104@ 176. 9@ 7.@
- 6@ 188. 4@ 47.5 1060 177.1@ 1.@
8 195. 82 37.@ 1@8a 177. 4@ 1.5
12@ 2@, 4@ 23.@ 1120 177.6@ 1.2
1z@ 224, 1@ 18.5 112@ 177.8@ 1.@
14@ 2@7. 4@ 16.5 1142 178. @@ 1.2
16@ - Z1a. 1@ 13.5 1160 178. 30 1.5
182 203. 6@ -2.5 . 1182 178.72 2. @
220 . E2@7.7@ -3.5 1200 178. 90 1.@
2e 223, 8@ ~-34.5 1220 179. 6@ 3.5
24Q 133. 5@ ~-36.5 124@ 182. 12 2.5
Ze@ 189. 3@ . -21.@ 1260 " 180.5@ 2.2
z8@ 187. 5@ -3.0 1282 181. @@ 2.5
300 187. 3@ ~-1.@ 1300 181, 2@ 1.0
3z 187. 12 -1.@ 132@ 181.7@ 2.5
34@ 185.7@ S =7.@ 1340 181. 3@ 1.@
360 . 183.5@ -11.@ 136@ 182. 3@ 2.
38Q 181. 92 -8.0 1382 18z. 81 2.5
4OQ 180. 8@ -5.5 1338 182.8a Q. @
480 179. 6@ -6.@

44Q 178. 5@ -5.5

462 178. 2@ -2.5

48Q 177. 8@ o -1.@

S 176.7@ -5.5

52 175. 8@ -4.5

54Q 175. 6@ -1.0

56@ 175. 3@ -1.5

58Q 175. 1@ —-1.@

500 174. 3@ -1.@

@ 174.7Q@ -1.@

64@ 174.7@ 2.2

66@ 174. 42 - =1.5

68@ 174, @@ -2.2

72@ 174, 2@ Q. @

7@ 173. 8@ . -1.@

74 173. 80 2.

760 174. 0@ - 1. @

78@ 174, 2Q 2.@

8@ 174. 2@ 1.@

aza © 174, 4@ 1.2 -

4@ 174. 7@ 1.5 i
860 174.7Q e.@

a8 174, 9@ 1.@

302 175.6@8 2.5

320 175.6Q 2. @

4@ 175. 8@ 1.@

36Q 175, 8@ Q.0

380 175. 8@ 2.0

1002 176. 2@ i.@

" SOUTHWEST DRILLING & EXPLORATION, INC.
ST. GEORGE, UTAH




TEMPERATURE /DERPTH DATAH
HOLE NO: BZI 15@@-1
SWDX JOE NO: 21-62

RUN 2 RUN DATE: 6/26/73
DEPTH  TEMPERARTURE GRADIENT DEPTH  TEMPERATURE GRADIENT
(FEET) (DEG F) (DEG F/1@@ FT) - (FEET) (DEG F) (DEG F/1@@ FT)

1@ 171. 7@ S10 184. 3@ -i.@
2@ 187. z@ 155. @ 520 184. 2@ -1.@
3@ 196. 5@ - 93. @ 530 184. @@ -z.@
4@ 20s. 30 58. @ . S4@ 183. 8@ -z.@
5@ 2@7. 0@ 47.@ 550 183. 8@ 2.
6@ Z1@. 10 31.@ 560 183. 7@ -1.@
72 213.0@ . 29.@ 570 183. 60 ~-1.@

8@ 214. 6@ 16. @ 58@ 183.5@8 -1.@

2@ 216. 2@ 14.@ - 590 183. 40 -1.@2

100 216. 80 8.0 60@ 183. 42 a.a
11@ 217. 20 4. @ 610 183.2e -z.2
120 T 217. 8@ 6.@ 620 183. o@ -2, @
130 218. 4@ 6.0 63@ 183. 0@ 2. @
142 218. 82 4. @ 64@  182.73@ ~-1.@
159 219. 2@ 4.Q 65@  182.7@ -2.@
162 219. 30 1.2 66@ - 182.6@ -1.@
17@ 218. 8@ -5.0 67@ 182. 5@ ~1.0
18@ 216. 4@ -24. @ 68@ 182,20 -3.@
190 214,20 -22. 0 630 182. 1@ -1.@
2o 212. 4@ -18. @ 700 182, 4@ 3.@
210 209. 7@ -27.2 71@ - 182.50 1.@
220 203. 5@ -62.@ 72 182. 6@ 1.2
=30 194. 9@ -86.@ 730 182. 60 Q.
4@ 194. 62 -3.0 74@ 182. 6@ 2.2
5@ 195. 2@ 6.@ 75@ 182. 70 1. @
260 195. 6@ 4. @ 76@ 182. 8@ 1.0
270 196. 2@ 4.0 772 182. 9@ 1.2
=82 196. 4@ 4,@ 78@ 182. 2@ 1.@
290 196. 6@ Z.@ 73@ 183. 2@ 2. @
200 196. 7@ 1.@ aaa 183. 2@ 2. @
31@ . 196. 2@ -5.@ ai@ 183. 1@ 1.2
3z 195, 4@ -8.2 aza 183. & 1.2
330 194, 0@ -14.0 - 83@ 183.z0@ 2. @
340 192. 3@ -17.@ 84@ 183. 4@ 2.2
- 35@ 1391. 0@ -13.@ 85 183. 6@ Z.@
360 189.6@ - -14. @ . 86@ 183. 6@ @. @
37@ 189. 2@ . -4.@ 87@ 183. 7@ 1.@
380 188. 60 -6.0 saa 183. 8@ 1.0
330 188.za -4, 85@ 183. 92 1.0
400 187.42 - - -8.@ ~ . 900 184, @@ 1.@
410 186.%2¢ . . -5.e . 918 184. 1@ 1.2
4@ . . 186.5@ - -4.@ o 920 | 184.1@ ?. @

430 - 186.3@ —2.@ U 838 - 184,20 1@ :

442 - U186.1@ 2.0 94@ L 184, 20 2.
45@  186.ZQ 1.0 o8s5@ 7 184,20 2. @
45D 165. 5@ -7.0 96@ 184, 2@ 2. @
470 185. 1@ -4, @ 370 184. 60 4.0
480 , 184,92 -z.@ 582 184. 8@ 2.2
490 184. 6@ -3.0 55@ 185. @0 Z.0
500 184. 4@ -z.@ 1009 185. 12 1.0

SOUTHWEST DRILLING & EXPLORATION, INC.
ST. GEORGE, UTAH




HOLE NO: BZ 15Q@-1
SWDX JOE NO: 21-82

SOUTHWEST DRILLING & EXPLORATION, INC.

ST.

GEORGE, UTAH

RUN =2 RUN DATE: 6/26/73
. DEPTH  TEMPERATURE GRADIENT DEPTH  TEMPERATURE BRADIENT
(FEET) (DEG F) (DEG F/12@ FT) (FEET) (DEG F) (DEG F/1@@ FT)
1010 185. 2@ 1.@ 151@ 154,20 -Z. 0
1222 185. 3@ 1.@ 1520 134. 4@ Z. 0
123@ 185. 4Q 1.@ 1530 194.6@ 2.2
104@ 185. 60 2.0 154@ 194, 8@ 2.
1252 185.70@ 1.@ 1543 155. @@ £.7
10602 185. 8@ 1.@
1@7@ 186. 2@ 2.@
. 108 186. 12 1.@
123 186. 3@ z.@
© 1109 186. 4@ 1.@
111@ 186.5@ 1.@
1iza 186. 8@ 3.2
1130 186.90 1.@
114@ 187.1@ 2.2
115 187.20 1.0
116@ 187.30 1.@
117@ 187. 4@ 1.2
1182 187.7@ 3.a
113 187. 8@ 1.@
1202 188. 2@ 2.
121@ 188. 1@ 1.2
122 188. 2@ 1.@
123@ 188. 40 2.@
1242 188.7@ 3.@
125@ 188. 90 2.@a
1260 183. 2@ 1.2
127@ 183. 3@ 3.0
1z28@ 183. 4@ 1.@
1235@ 183. 5@ 1.@
1303 183.7@ 2.
1310 183. 3@ 2.0
1320 19@2. 1@ =
1332 135Q. 4@ 3.@
134@ 19@. 6@ 2.2
1352 15a. 7@ 1.@
136@ 19@. 8@ 1.@
137@ 151. @@ 2.0
138 191. 3@ 2.2
1332 191.5@ - 2.@
1422 131.7@ 2.0
141@ 191.9@ 2.2
1420Q 19z. 00 1.@
1430 192.20 Z.@
144Q i52.5@ . 3.0
145 192,72 2. @
146Q" - 132.9@ 2.0
147@ 193. 1@ 2.0
1482 193. 4@ .0
1452 193, 70 3.0
1520 194, 40 7.@
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TEMPERATURE /DEPTH DATA
HOLE NO: EBZ 1S@@-2
SWDX JOE NO: 21-8=z

RUN 1 RUN DARTE: 7/27/7%
DEPTH  TEMPERATURE GRADIENT DEPTH  TEMPERATURE GRADIENT
(FEET) (DEG F) (DEG F/1@@ FT) (FEET) {DEG F) (DEG F/1@@ FT)
1@ 95. 4@ S51@ 1Q@1. 2@ 7.@
za 32. a2 -34.Q 52@ 101. 30 3.0
@ 85. @@ -3@.0 53Q 101.5@ 2.0
4@ 88. 6@ -4, sS40 1@1.6@ 1.@
5@ 3@.5a 13. @ 552 101.7@ 1. @
£ 91.8a 13.@ 56Q 1@1. 8@ 1.@
7@ 92. 6@ 8.@ 572 191. 9@ 1.@
82 33. 7@ 11.@ 580@ 102. 1@ z.
5 35. 2@ 15. @ 590 122. 5@ 4,9
12 596. 8@ 16.@ 6 102,70 2.0
110 - 938,20 14.@ 610 122. 5@ e,
12@ 39. 2@ - 8.@ 62 123, @@ 1.@
130 33. 3@ 3. @ 630 1@23. 1@ 1.2
14 12@. 3@ i@. @ 64Q@ 123. 2@ 1.@
150 121, 6@ 7.0 650 1@23.50 3.0
162 122, 2@ 6.0 660 123. 7@ 2.Q
17@ 1@2. 8@ 6.0 670 1@3. 80 1.@
180 103, 2@ 4.Q 680 124. 1@ : 3.
150 123. 5@ 3.Q 63a 124, 4@ 3.0
2@ 1@3. 8@ 3.Q 72 104, 8@ 4.
210 . 104, 1@ 3. 71@ 125. 2@ 4.0
2z 104, 42 3. 720 . 1Q5. 6@ 4, @
230 124, 5@ 1.2 73Q 126. 2@ 4, @
242 . 104, 7@ 2.0 74@ 136, 4@ 4, @
Z5@ " 1Q4. 9@ 2.2 750 1Q26. 3@ 5. Q
z6@ 105. Q@ . 1.@ 760 1@7. 1@ z.@
270 125. 0@ Q. @ 77@ , 127. 6@ 5. @
28@ 124, 3@ -1.Q 78@ 1a7.8a z.@
29 124, 8@ -1.@ 792 1@8. 3@ S. @
20 1Q4. 4@ -4, 8@ 123. 1@ 8.@
312 124, 2@ -2.@ 81a 123. 4@ . @
I2a 124, @@ -2.@ aca 123. 6@ 2.0
332 1a3. 7@ -3.@ 83a ' 110. 1@ 5.0
340 123, 4@ -3.@ 84@ 112. 5@ 8.@
35 123, 1@ -3.Q 85 111.3@ 4,0
260 102, 8@ -3.@ aea 111. 4@ 1.2
37@ 122, 6@ -z.@ a87a 111.7@ 3.Q
380 122, 3@ -3.0 asa 113. 1@ 14.@
330 1@2, 2Q -3.@ 850 113. 4@ 3.0
400 101, 80 -2.0 322 113.62 z.0
41Q 121. 4@ -4.@ © 91@ 114, 3@ 13.@
470 101,10 -3.@0 B2 115,92 12. @
430 iel, ze@ 1.@ 93@ 116. 8@ 3.2
44@ 101, 3@ 1.@ 94 117.5@ 7.@
450 101. 20 -1.0 950 117. 8@ z.@
4LEQ 100. 40 -8.@ 36@ 118. 2@ 4.Q
470 98. 20 -22.@ 57@ 118. 82 6. @
480 , 98.ze 2.0 98 119, 2@ 4.2
49Q ' 99.08 8.@ 93@ . 1g@. 2@ 8.2
5@ 1e2. 3@ 1.0 100 120. 4@ 4, Q@

SOUTHWEST DRILLING & EXPLORATION, INC.
ST. BEDRGE, UTAH




&

PAGE &
HOLE NO: RZ 1S@@-z
SWDX JOB NO: &1-8&

RUN 1 RUN DATE: 7/27/7
DEPTH TEMPERATURE GRADIENT
(FEET) (DEG F) (DEG F/1@d FT)
1219 120. 90 5.0
1020 121. 6@ 7.@
103 122. 5@ 9. @
104@ 123. o 5. @
105@ 123. 4 4.2
106Q 124. 0@ €.@
1272 125, 0@ 10.@
iz8a 125. 60 €.@
129@ 126. 1@ 5. @
1102 126. 9@ 8.@
111@ 127.50 6. @
1120 128. 1@ 6.2
1130 128. 7@ 6.@
1140 129. 3@ 6. @
115@ 129. 8@ S.@

-116@ 130. 1@ 3.@
117@ 13@. 5@ 4. @
1182 131. 20 7.@
1192 131. 6@ 4.0 .
120 132. @@ 4,
121@ 132. 4@ 4. @

o 133. 10 7.@
123 134. 1@ 10. @
124@ 134. 8@ 7.@
125@ 136. 2@ 12.@
1z6@ 136. 2@ 2.@
127@ 136. 3@ 7.@
128@ 138. 2@ 11.@
1292 139, @0 1@. @
130 140, 0@ 10. @
131@ - 141. @@ 1@, &
1320 142. 20 1@. @
1330 143.1Q 11.@
1340 143, 80 7.2
135@ 144, 3@ C1t.@
136@ 145, 9@ 10. @
137@ 147. 20 13.@
1280 148. 20 12, @
1392 149. S@ 13.@
142@ 15@. 6@ 11.@
141 151. 9@ 13. @
1420 153. 8@ 11. @
1430 154. 1@ 11.@

1434 154. 3@ S.a

SOUTHWEST DRILLING & EXPLORATION, INC.
ST. GEORGE, UTAH
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