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GEYSERS GEOTHERMAL COMFANY

MISC. WELLS

SAMPLE DEFTH
NUMERER FEET
1 BARROWS 2 3T/B
BARROWS 2 4T/B
3 CA-958-3A 1CT/B
4 CA-958-3A 2BT/B
% CA-958-3A 5AT
b6 CA-958-6
7 CA-1862-4 1BT/B
8 CA-1862-4 1CT/B
9 CA-1862-17 FT/B
X 10 CA-1862-17G

11 MLM-3 ICT/B
12 MLM-3 3A
13 MLM-3 6B
14 MLM-3 8AT

X INDICATES

FERM
MAX I MU

FLUG FERMEARILITY

CORE LABORATORIES,

Petroleum Reser

NATE

FORMATION
[RILG .
LOCATION

FLUILD

DALLAS,

oo oo oo oo

3=R6~86

INC.

r Engineering

TEXAS

FAGE 1
FILE NO. ¢ 32020-15092
CAFT WELL NO.G
LABRORATORY ¢ MIDLAND» TEXAS

FULL UIAMETER ANALYSIS - SUMMATION OF FLUIDS

FERM
90 DEG

0.8%
0425
0.21

£0,01
'0 ’ 01
£0,01

0.22

FERM
VERTICAL
11.
0.70
0,01
0.11
0.38
1.6
VF
0.39
0.41
0.01
#0.,01
<0.01
0.06

2.3

FLI
FOR

——— o vose

-

= = O DO
RO LCCULIWNNO

0 2=
e ¢ o o © ° o ° * ¢ o & o
B e o

OLL%
FOR

0.0

o

-

COOCOCOCOOOTOCOT
COOOCOODOOOO0

e © o e ¢ & o * e @ °

~
7

WTRZ

FOR
8.3
8.3

222
22.2
50,0
625
46,0
4345
40.0
75.0
B7.5
33.3
14.6
14,9

GRAIN
DEN M
2.68
w2l
2472
D72
2,70
2.71
D76
2476
2.67
2.66
2472
24,69
2,69
2.78

VERTICALLY FRACTURED

These analvses, opinions or interpretations are based on observations and materials supplied by the client to whom, and for whose exclusive and confidential use, this report is made. The interpretations or opinions

express

wesent the best judgmeat of Core Laboratories, Inc, (nll errors and  omissions excepted
tepresen.....ons, as to the productivity, proper operations, or profitableness of any oll, gas or other miner.. ~ell or sand in connection with which such report Is used or relied upon,

Core Laboratorles, Inc, and its officers and emplayees, assume no responsibility and mak

arrniy or



CORE LABORATORIES,

INC.

Petroleum Reservoir Engineering

FAGE 1
DALLAS, TEXAS
(3GEYSERS GEOTHERMAL COMFANY DATE WB=R6=86 FILE NO. ¢ 32020-15092
MISC. WELLS FORMATION ¢ AFT WELL NO.3
DRIL.G. FLUIDG LABORATORY ! MIDLANDs TEXAS
LOCATION H
FULL DIAMETER ANALYSIS
> >
SAMFLE DEFTH FERM FERM FERM HE OIL%Z WTRZ GRAIN
NUMRER FEET MAXIMUM 20 LEG VERTICAL FOR FOR FOR DEN M
1 BARROWS 2 3T/B 0.64 10,01 e 3.0 ©.0 91,72 2.48
2 BARROWS 2 4T/B 0.30 0.26 0.70 S 0O 89, 7 2u74
3 CA-958-3A 1CT/B 0.44 0.39 20,01 1.4 0.0 920.0 2y 72
4 CA-958-3A 2BT/B 0.,18 0.13 0,11 1.4 0.0 20,0 2.72
S CA-958-3A 5AT 0,12 0.07 0.38 0.9 0.0 57.1 2671
6 CA-958-6 0,96 0.39 1.6 2.6 0.0 72.7 2473
7 CA-1862-4 1BT/B 3.3 0.85 VF 2.1 0.0 22,5 2477 VERTICALLY FRACTURED
8 CA-1862-4 1CT/B 0+30 0.25 0,395 2.4 0.0 79.3 2.77
@ CA-1862-17 FT/B 0.30 0.21 0.41 1.7 0.0 85.7 2.68
* 10 CA-1862-17G 0,12 0.01 1.8 0.0 66.3 2,66
11 MLM-3 1CT/B 20,01 Z0.01 0.01 249 0,0 88.9 272
12  MLM-3 3A 0,01 0,01 0.01 27 0.0 60.0 2.72
13 MLM-3 6B 20,01 0.01 0.06 B4 0.0 80.4 2.71
14 MLM-3 8AT &9 0.22 243 2.9 0.0 927.9 272
\,'/’{,’/‘/’ gy
* INDICATES PLUG PERMEABILITY P 0’
2 ‘J’ o ].:)
Ja
These analyses, opinians or interpretations are based on observations and materials supplied by the client to whom, and for whose exclusive and confidential use, this report 1s made. The interpretaions or opinions

expressed represent the best judgment of Core Laboratories, Inc, (all errors and omissions excepted); but Core Laboratories, Inc, and Its officers and employees, assume no responsihilily and make no warr ity o



GEYSERS GEOTHERMAL COMPANY
3\26\86
32020-15092

SAMPLE WELL PORE VOLUME PORE VOLUME WATER INJECTED GRAIN DENSITY GRAIN DENSITY BULK BULK VOLUME BULK VOLUME

NUMBER NAME & NUMBER  BY SUMMNATION BY HELIUM LOSS SATURATION BY SUMMNATION BY HELIUM DENSITY BY CALIPER BY ARCHIMEDES
OF FLUIDS INJECTION OF FLUIDS INJECTION
(cc) (cc) (gm) (gm) (gm/cc) (gm/cc) (gm/cc) (cc) (ce)
1 Barrows 3T/8 12.00 12.00 1.00 11.00 2.68 2.65 2.63 402.774 398.00
2 Barrows 4T/8B 24.00 28.00 2.00 22.00 2l 2.72 2.63% 509.. 755 507.00
3 CA-958-3A 1CT/B 9.00 10.00 2.00 7.00 2: 72 2.70 2.70 719.630 714.00
4 CA-958-3A 2BT7/8 9.00 10.00 2.00 7.00 2.72 2.7 2.70 716.518 713.00
5 CA-958-3A 5AT 4.00 7.00 2.00 2.00 2.70 2.70 2.69 763.022 759.00
6 CA-958-6 8.00 11.00 5.00 3.00 2.7 2.3 2.68 417.485 416.00
7 CA-1862-4 18T/B 37.00 40.00 17.00 20.00 2.76 2.77 2.73 1937.778 1936.00
8 CA-1862-4 1CT/8B 23.00 29.00 10.00 13.00 2.76 2.76 2.72 1212.895 1207.00
9 CA-1862-17 FT/8B 5.00 7.00 2.00 3.00 2.67 2.68 2.65 410.00
10 CA-1862-17G 8.00 9.05 4.00 4.00 2.66 2.66 2.63 503.00
1" MLM-3 1CT/B 8.00 9.00 7.00 1.00 2.72 2..70 2.68 365.819 363.00
12 MLM-3 3A 15.00 25.00 5.00 10.00 2.69 2.70 2.65 910.715 904.00
13 MLM-3 6B 41.00 51.00 6.00 35.00 2.69 271 2.64 1451.641 1452.00
14 MLM-3 BAT. 47.00 48.00 7.00 40.00 2,78 2.76 2.61 505.180 500.00
J/ ( .;f' oy



CORE LABORATURIES, INC.

Petroleum Reservoir Engineering

FAGE 1
DALLAS, TEXAS
BEYSERS GEOTHERMAL COMFANY DATE IEE=26-85 FILE NO. ¢ 32020-15092
MISC. WELLS FORMATION ¢ AFT WELL NO. 3
IRI.G. FLUID?G LAEKORATORY § MIDLAND: TEXAS
LOCATION H
FULL DIAMETER ANALYSIS
s‘_..l”.)
A g
SAMFLE DEFTH FERM FERM FERM HE OIL%Z WTRZ GRAIN
NUMRER FEET MAXIMUM 20 LEG VERTICAL. FOR FOR FOR DEN M
1  BARROWS 2 3T/B 0.64 10,01 114 3.0 0.0 91.7  2.68
2 BARROWS 2 4T/B 0.30 0.26 0,70 SeS 0.0 85.7 2.74
3 CA-958-3A 1CT/B 0.44 (05 20,01 1.4 0.0 20.0 2T R
4 CA-958-3A 2BT/B 0.18 [O)aLeS Ok 1 1.4 0.0 20.0 Da72
S CA-958-3A 5AT Q2 0.07 0.38 0.9 00 8741 2,71
6 CA-958-6 0,96 0.39 1.6 2.6 0.0 72.7 2475
7 CA-1862-4 1BT/B 363 0.89 VF 2.1 0.0 22,5 2477 VERTICALLY FRACTURED
8 CA-1862-4 1CT/B 0.30 0,295 035 2.4 0.0 79.3 277
9 CA-1862-17 FT/B 0.30 0.21 0.41 U 0.0 BS.,7 2.68
* 10 CA-1862-17G 0,12 0.01 1.8 0.0 66,3 2,66
11 MLM-3 1CT/B 0,01 70,01 0,01 2.5 0,0 88,9 2472
12 MLM-3 3A <0.,01 0.01 0,01 2.7 0.0 60.0 2.72
13 MLM-3 6B 20.01 20.01 0.06 345 0,0 B80.4 2.71
14 MLM-3 8AT 6.9 0.22 2.3 2.5 0.0 927.9 2.79
A G a
* INDICATES PLUG PERMEABILITY ‘ 14
a4 d 3 l-y"';- ’-l":J
J,‘(,. ol
These analyses, opinions or interpretations are based on observations and materials supplied by the client to whom, and for whose exclusive and conlidential use, this report 1s made, The interpretations or opimons

expressed represent the best judgment of Core Laboratories, Inc. (all errors and omissions excepted); but Core Laboratories, Inc. and its officers and employees, assume no tesponsihility and makes to wart iy or



GEYSERS GEOTHERMAL COMPANY

3\26\86
32020-15092
SAMPLE WELL PORE VOLUME PORE VOLUME WATER INJECTED GRAIN DENSITY GRAIN DENSITY BULK BULK VOLUME BULK VOLUME
NUMBER NAME & NUMBER BY SUMMNATION BY HELIUM LOSS SATURATION BY SUMMNATION BY HELIUM DENSITY BY CALIPER BY ARCHIMEDES
OF FLUIDS INJECTION OF FLUIDS INJECTION
(cc) (cc) (gm) (gm) (gm/cc) (gm/cc) (gm/cc) (cc) (ce)
1 Barrows 37/8 12.00 12.00 1.00 11.00 2.68 2.65 2.63 402.774 398.00
2 Barrows 4T/B 24.00 28.00 2.00 22.00 2.1 2..72 2.63 509.755 507.00
3 CA-958-3A 1CT/B 9.00 10.00 2.00 7.00 2uie 2000 2470 719.630 714.00
4 CA-958-3A 28T/8 9.00 10.00 2.00 7.00 2.(2 200 2.70 716.518 713.00
5  CA-958-3A 5AT 4.00 7.00 2.00 2.00 2.70 2.70 2.69 763.022 759.00
6 CA-958-6 8.00 11.00 5.00 3.00 2.71 2.73 2.68 417.485 416.00
7 CA-1862-4 18T/8B 37.00 40.00 17.00 20.00 2.76 2.77 25 1937.778 1936.00
8 CA-1862-4 1CT/B 23.00 29.00 10.00 13.00 2.76 2.76 2\.72 1212.895 1207.00
9 CA-1862-17 F1/8B 5.00 7.00 2.00 3.00 2.67 2.68 2.65 410.00
10 CA-1862-17G 8.00 9.05 4.00 4.00 2.66 2.66 2.63 503.00
1 MLM-3 1CT/8 8.00 9.00 7.00 ) 1.00 2it:2 2.70 2.68 365.819 363.00
12 MLM-3 3A 15.00 25.00 5.00 10.00 2.69 2.70 2.65 910.715 904.00
13 MLM-3 6B 41.00 51.00 6.00 35.00 2.69 2.7 2.64 1451.641 1452.00
14 MLM-3 8AT, 47.00 48.00 7.00 40.00 2.78 2.76 2.61 505.180 500.00

’



CORE LABORATORIES, INC. 94/@/59
Special Core Analysis

Page 4 of 4
File  SCAL-308-86032

EFFECTIVE PERMEABILITY TO OIL

Geysers Geothermal Company Wells As Noted
Effective Specific
Permeability Overburden Permeability Permeability
Well Sample  Porosity, to Air, Pressure, to Water, Ratio,
Lol o Number  percent millidarcys psi millidarcys water/air
Q¥D@9 Barrows 2 2 4.6 0.48 6800 0.027 0.056
CA 958-3A 4 1.4 0.089 2860 0.0015 0.017
CA 1862-4 7 2.6 0.28 5210 * -
CA 1862-17 1 OH** 0.9 0.10 8140 0.0017 0.017
MLM 3 14 9.1 1.8 5190 0.040 0.022

*Effectively imperméab]e with 5210 psi effective confining pressure and 100 psi
injection pressure

**]1-inch diameter core plug

This report, based on observations and materials supplied by the client, is prepared for the exclusive and confidential use by the client. The analyses,
opinions, or interpretations contained herein represent the judgement of Core Laboratories, Inc.; however, Core Laboratories, Inc., and {ts employees
assume no responsibility and make no warranties or representations as to the utility of this report to the client or as to the productivity, proper
operation, or profitableness of any oil, gas, or other mineral formation or well in connection with which such report may be used or relied upon.



CORE LABORATORIES, INC.
C)%/ﬁ%%fi} Special Core Analysis

Page 2 of 4
File SCAL-308-86032

PERMEABILITY TO AIR AND POROSITY

Geysers Geothermal Company Wells As Noted
Permeability

Well Sample to Air, Porosity,
Identification Number mi1lidarcys percent
Barrows 2 ke 2 0.48 4.6
CA" 958-3A 4 0.089 } 1.4
CA 1862-4 7 VV 0.28 2.6
CA 1862-17 10H* 0.10 0.9
MLM 3 14 1.8 9.1

*1-inch diameter core plug

This report, based on observations and materials supplied by the client, {s prepared for the exclusive and confidential use by the client. The analyses,
opinions, or interpretations contained herein represent the judgement of Core Laboratories, Inc.; however, Core Laboratories, Inc., and 1ts employees
assume no responsibility and make no warranties or representations as to the utility of this report to the client or as to the productivity, proper
operation, or profitableness of any oil, gas, or other mineral formation or well in connection with which such report may be used or relied upon.



WELL: BAR 2

LOCATION: 1799515E 400947N
SURFACE ELEVATION: 2222.
CASING SHOE: 3230.
FLOWRATE (KLBS/HR): 174.

COMMENTS: INITIAL PSIG AT 4769 AND 4774=133 AND 23 RESPECTIVELY.TOTAL BLED DOWN TO
60PSI. WATER LEVEL AT 6300’ AS PER PTS LOG 6/18/86.

M.D. T.V.D  N(-S) E(-W)  COMP. INC
0. 0. 0 0. 0.
200. 200. 0. -3, ~-100.
400. 400, 2. -5. -100.
600. 600 4. -4, -100.
800. 800. 6. -2. -100.
1000. 1000. 9. 2. -100.
1043. 1043. 10. 3. 0.
1200. 1200. 10. 15. -100.
1400. 1400. 11. 28. -100.
1600. 1600. 16. 39. -100.
1800. 1799. 24.. 48. -100.
2000. 1998. 35. 54 . -100.
2067. 2065. 39, 56. 0.
2200. 2197. 49. 59. -100.
2400. 2396. 67. 61. -100.
2600. 2595. 87. 62. -100.
2800 . 2793. 110. 60. -100.
3000. 2991 . 135. 56. -100.
3200. 3188. 163. 50. -100.
3230. 3218. 167. 49. 0.
3230. 3218. 167. 49 . -10.
3400 3386 193. 40 -100.
3600 3583. 225 29 -100
3800 3780. 261 18 -100
4000 3976. 300 6 -100
4030 4005 . 306 4 0
4200 4170. 347 -8 -100
4400 4363. 395 -21 -100
44,87 4448 . 416 -27 72
4600 4557 . A -35 -100
4769 4721. 485. -47 51
4774 4725. 486. -47 9;
4800 4751. 492 . -49 -100 . ) 57
5000 4944 . 541. -63 -100 o287
5060 5002. 556 -6 0 p 52 e
5200 5137 cyna 590 -76 -100 55 >
5400 5331.°°77 639 -89 -100
5600 5524 689 -103 -100
5800 5717 738 -119 -100
5821 5737 743 -121 10~
6000 5910. 788 -136 -100
6060 5968. 803 -141 0
6122 6027. 821 -150 257~
6200 6101. 843 -160 -100
6206 6107 845 -161 96 .
6260 6158 860 -168 60
6400 . 6292. 898. -185. -100.
6600 . 6484 . 949. -207. -100.
6800. 6677. 997. -226. -100.
7000. 6871. 1042. -241. -100.
7020 . 6891 . 1046. =243 7.
7057. 6927 . 1054 . -245. 0.
7200. 7067. 1083. -254. -100.
7239. 7105. 1091. -256. 0.
OPEN HOLE DESCRIPTION
*%%% INTERVAL Fddddd
SIZE (IN) TOP BOTTOM
8.75 3230. 6978.

8.50 6978. 7239.
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Page F of
Sample Type Purpose of Date
Sample Depth or (e.g. full-dia. Sampling_ (e.g. (Insggtligl:tro N g:;i of
Depth Interval core, rubble, for fluid- and Tnsttution . Sample
etc.) inclusion study P Return

744.5- 74477 WHOLE— | JYSORPTION (=5 for- | %
% (Q%% 24451 )| ORE JEETT e e “es

STANFORD UNIV.
Forrion of piece {C—}/& AORE. . CENGIZ SATIE-
D 210 f () | il et %97

Core Sample Record

Well or Borehole .CA=255-24— Core Depth Interval _2440.5~ 2454~
(HB.6=741-77)
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Well Name Core Depth or First Steam Entry
Copmmny || o LREOIR Al ] Core Elevation or i Wrell Rock
TITY— (Top of Core) Drilled Depth (DD) Elevation Interval Drilled Depth (DD) Type Comments
;o\mJ True Vertical Depth (TVD) Tnie Vemtical Depth (TVD)
evel ﬁ = mﬁ = - Elevation (EL.)
ZRATI 70t 0% AL T ~7%86 T -72% fi o AT778 ft acke w/ | 4—dia. core
NE 12 = ] ill )
St A K%, NACERCERi Ny ATB hnor B e i i
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highly fr:
d
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| DESARIPTION @
i KITWIEHELL
AA-TB~TA e IHOE%QAVW %

. * /ﬂqﬁ/ﬁé'
Descriptive Log of Core - CA956-3 (Logged from Top)
Cored Interval - 2440' 5" to 2454'
* OLP DESIGNATION

|A> Moderately well foliated, med. gray-green graywacke, foliation predominantly alignment

[ of dark rock frags; foliation is essentially flat in relation to core. Small crenu-
e lation in vicinity of high angle micro-fractures. Foliation also results from mod.

c-=:"7e” internal cataclysis. Small (.1 to .6 inch) pods or lenses of Si0) occur in small

area {2% of core. Pods § lenses generally associate with mod. to high angle 50-90°

frac. but also occur parallel to foliation. Section unfractured except for 1 vertical

frac. filled with light green siliceous material. Probably mixture of chlorite §

Si0p some dis. sulfides.

When core dries, form polygonal pattern on surface, the wet areas appear
to be silicified zone with some cataclysis. Pod of SiOp align along these s

zones probable slight ¢ in these zones. Zones are penetrative of entire srr—Zf
core. Small vugs present in some frac. zones. Zones very thin - .1 to
.05 inch.

0,

lfﬁ) Moderately foliated graywacke A/A pods & lenses of SiOp are present 5% of core..
3340”10 S10y band .05 in. thick, encircles core. Pred. SiOp but some green chloritic (?)

s material present. Horiz. vein offset by penetrative vertical cataclastic zones.
24q1' 3" Vertical zones are chlorite - SiO with diss. sulfides ({1% of fract. fill).

Pods of Si0Op are trunca=
observed, but core does
from washing core.
~Zioa .

| Cq> Similar to above section, zones of vert. cataclysis assoc. with crenulation of folia-
Jqq|'5/’ tion and offset of horiz. Si0; vein. Portion of vertic. frac. .5 inch wide may be 2
zones. ; Polygonal drying pattern also present.

Offset of horiz. SiOp vein .5 inch to .1 inch.
ted by vert. frac. Polygonal drying pattern
dry entirely indicating maybe moisture results

. Vertical frac. to depth are across all core. Some zones are very green (chlorite) and
others appear cataclastic. Some alt. present along these frac.
S0z

| [i)Moderately foliated gray-green silicic graywacke A/A. Graywacke contains abundant
« , Chl.in matrix and vert. vein. Chl. vein appears to truncate Si0p horiz. veing. Zone
24941 9§ of cataclysis (crenulation extend vertically through core).

o

l%%l'qu At 2442, Vug .8 inch x 1.4 inch filled with Ch1(?) —5Si0,; (sulf.) —3CaCO3

Si0, Dk. gray-purplish jir sulfides.
=, /C‘aco: 2 gray-purp ﬂ

-~ Chloritic halo may not be void. fill but alt. of
graywacke. '
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Near vertical SiO; frac. contains small vug w/sulfide.

|
WA

Loy
R

oy

¢

i
!
Mgty ¢ Foliation high crenulated near bottom of section below
e 2446 7", ;

Alt. consists primarily of silicification w/Chl. (Serp.?) and CaCO; vug filling.
Dk. blk. blocky minerals (Tour.) are also present in alt. material. Appear to
align on foliation Calcite filling on core is at tip of vein exposed in next
section of core. Polygonal drying pattern noted.

E) Altered graywacke highly crenulated. Vein across entire sect. .4 inch thick.
it Crenulation truncated by vein material.

;o Vein fill is complex. Composed of Chl. (Serp.?) near outer edge qtz. {(opaline
24432 and Xline) with CaCO3 occuring in pocket (vugs) in portions of vein.

SOl 54503

7 /} /— S:O.L af,b/‘,;‘_ wd/;&?‘olﬁuu .
A :

CHlold /

Y
i 2l 5l C;/1G/7u/a(,-l<¢,

Vein cross sectionisl/2 inch

y&44.£6%
Vupa. Lol

wf € wiedad 277,
-

X

Described by W. T. Box
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Core Description

Box #2 - 2443' 2" to 2446' 1" (5 pieces)

Total length Ist piece - 6'"; has near vertical fracture running top to bottom;
fracture has numerous vugs that are partially to totally filled with qtz.

(milky & clear xline), pink stained qtz or axinite, epidate (small amount), silky
white pectolite? (small amount), and chlorite? Vugs are rimmed with more
chloritic matrix to gw. Total look to fracture is intermittent white, green, and
gray banding with vugs elongate in direction of banding. Total size of the vugs
(including mineral infilled portion) range from 1/4" to 1-1/2". Fracture trends
at right angle to the gw foliation. Foliation developed along bedding planes in
gw. More qtzose bands that are gray in color are interlayered with greener lithic
gw at bottom of piece.

picture opposite fracture

crenulated Eff%%%‘\\qtzose bands

Gw foliation disturbed to crenulated 1" from chloritic rim of fracture.

fracture

main vug with pink mineral (xline) surrounded by xline qtz
then milky qtz.

Bottom of piece of very coarse grained lithic gw not as highly foliated as top of
piece. Fracture width at top of piece is 1'"... at bottom is well defined vein
with rim of chloritic material with infill of xline qtz, pink mineral, & some
pectolite? 5/16" in width. Small green chloritic veins crosscut all foliation.
Two largest vugs are not within chloritic rim of fracture. Bottom of piece also
has elongated vug filled with needle-like xls. of actinolite? Size of vug is

3/4" x 3/16"...this vug not associated with major fracture.

Composition of gw hard to determine-milky qtz. & stretched out black & gray lithic
frags with chloritic matrix most prominent. Polygonal drying patterns only promi-
nent on gw section opposite side with fracture. '

Total length 2nd piece - 7-1/2". Fracture from bottom of 1st piece slices through
top portion of 2nd piece. Total length of the fracture before it penetrates side
of core is 2-3/4".

vugs altered, bleached area with traces of pyrite.

fracture

disturbed & crenulated gw below "v'' of fracture.
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Gw on outer side of fracture (away from core center) is more highly altered.
Polygonal drying pattern developed along sheared gw ''ridges" or on vertical

to steeply dipping chlorite filled fractures. Chlorite fractures are youngest
as cross cut foliation § milky qtz. veins.

> fracture
Gw composition A/A only
black lith frags are sili-
’ ceous argillite § gray lith
(LS milky white qtz. vein frags look like chert.

chloritic §
qtzose infilled
vug

Vug at bottom of piece in center of core is 1-1/4" x 1" with actinolite/chlorite
rim § qtz. & rosey pink mineral in interior. This vug is definitely not asso-
ciated with any fracture as it is surrounded by foliated gw.

Crenulated 'ridges'" of gw run at variable angles to the predominant foliation.
The two longest "'ridges'" are 45° § 80° to the foliation. Only 2 short chloritic
fractures were seen, -

Total length 3rd piece - 6". Piece is mostly gw with qtz. stringers in _disturbed
& crenulated gw. Three distinct qtz. veins are really one long, narrow infilled
vug that has been pulled apart along 2 shear zones denoted by 1 mm wide gray
qtzose stringers (may be aligned & stretched out matrix § qtz. clasts from gw)

§ microscopic veinlets of chlorite. Entire length of vug is 7" around curvature
of core.

:5\"( car Zone

N\

\% U\S

Skeqr zZon

/

‘\'QF o%: \)\ ecc sl

\ VU\S

Top of piece has vug described for bottom of 2nd piece.

These narrow shear zones cut across the chlorite filled fractures & truncate the
infilled vugs. Below view is on other side of core from above picture.

S\'\ enlr zZomc
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Plane of foliation of gw cuts axial plane of core at approx. 40° angle. Tourma-
line emplaced parallel to foliation of gw. Polygonal drying pattern seems to be
related to zones of weakness namely shear zones, around vugs, chlorite fractures,
& gw pressure ridges (crenulation zones).

Total length 4th piece - 15". Upper 8" is mostly gw with lower 7' being a huge
fracture that the core penetrated. Fracture plane is parallel to gw foliation. Gw
becomes quite crenulated & disturbed 2'" tq 3" from margin of fracture.

Description of 8" gw portion: Upper 5" to 6'" not disturbed; foliation still at
40° angle to axial plane of core; a large, dark gray siliceous argillite fragment
is truncated by an infilled vug on the fragment's right side; bottom of argillite
fragment is 1-1/2" from top of 15" piece of core;
two large stretched out infilled vugs occur in

gw portion...the smaller of the two is 4-1/4"

long & is elongated parallel to the foliation;

rim is chlorite and/or actinolite, then milky qtz,
& some calcite growing out into open space; the
larger infilled vug is in the disturbed gw next to
the fracture § cuts across the foliation...it is rougly 8" long § sinuous.

Q(S;\\\:‘m

Qtz stringers are fairly common & usually
- cross cut the foliation; several small
N vugs_are present § may be either the rimmed

qtzose variety or the chloritic/actinolite

variety. Tourmaline is fairly abundant

within the 2" to 3" disturbed zone & seems

to have been precipitated parallel to the
gw foliation although it is prominent to the top of the 15" piece also along folia-
tion. Chlorite fractures are present but usually trend into infilled vugs. The
narrow shear zones, denoted by stretched out, pulverized gw clasts & matrix, seem
to be the youngest as they truncate the qtz. stringers § vugs, § cut across the
narrow chlorite filled fractures.

Main fracture is predominantly green in color with splotches of milky white qtz.

& narrow chloritic? filled fractures most of which trend parallel to the main
fracture margin. Gw texture ranges from areas where it is intact to areas where
it is completely obliterated leaving only a green, grainy mass with microscopic
stringers of light green colored chlorite or clay threading through the mass. The
most prominent infilled vug with porosity left is at the side of the core § well

within the margins of the fracture. 6527 .
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Tourmaline occurrence is rare within the fracture as compared to that in the
foliated gw; the tourmaline seems to have been disrupted along with the gw through-
out most of the fracture although there are some tourmaline veins. Sulfide content
is low in both the foliated gw & in the fracture. Again the youngest event seems
to be a narrow (1 mm wide) shear zone of crushed qtz. material that cuts across the
disrupted green altered gw mass & the chloritic/actinolite fractures.

Sketch of 15" piece (scale 1/2" = 1')
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2E. Total length 5th piece - 6.5'". This piece is a continuation of the fracture from

the bottom of the above piece. The edge of the bottom portion of the fracture

is different from the top edge in that there is a large, filled-in vug/fracture

that is boudin shaped. Plane of vug/fracture is 40° from axial plane of core
piece. The vug/fracture is filled with predomi-
nantly milky qtz. with some green segments that
may be tourmaline and/or chlorite. Porosity is
not as pronounced in this portion of the entire
fracture that runs into the above piece. Portions
of this piece are completely disrupted so that
only a green to whitish-green grainy mass is
visible. Pyrite § some microscopic black mineral
are present along with some microscopic fractures
both within § outside the main fracture. Some of the green chloritic areas may be
altered lithic clasts - should have thin section from such an area for determination.

7

Box #3 2446' 1" to 2448' 9" (2 pieces) o
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3A. Total length of this piece is 20-1/2". The entire piece is predominantly greenish-
gray, semischisotse gw that is fairly well disturbed throughout the entire length
of the core piece. No distinct foliation trend is developed in this core piece.
The most prominent features are infilled vugs (milky qtz. with green chlorite/
actinolite grainy borders), milky qtz. veins, & narrow chlorite filled fractures.
The longest green fracture(i—Z mm widt&:mnw the entire length of the core piece
& runs roughly parallel to the axial plane of the core...it is most distinct at
the bottom of the piece and the plane of the fracture may be followed almost to the
top of the piece but then is lost when trying to pick out its path through the core
at its top end.

n o T T e Gaduce wisble

qresm L L bottowt Yop
fracture ™~

/1 . \ cjvecm g\mc&(\ﬂ't
((

% vugs < \\\\\\iy cz}ft SXV";V\V:‘)G"S
&

bt o i

1
Most of the tremolite/actinolite rimmed qtz. center infilled vugs have some cal-
cite in their center along with purplish qtz. or axinite. They are also elongated
parallel to the gw foliation immediately surrounding the vug.

The most disrupted vuggy areas contain tremolite/actinolite xls penetrating milky
qtz. These vugs § milky qtz. stringers are scattered throughout the core piece

& are not related to any major fracture system although the largest concentration
is in one area near the bottom of the core piece.
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The narrow green fractures cut across the milky qtz. stringers & either cut or
offset the gray qtz. veins. There is no dominant pattern or trend to any of the

fractures or veins.

This piece does have a polygonal pattern of qtzose material in‘'small (1-3 mm)
veins that may be crushed gw material over most of the disrupted gw of the core
piece. Most of these zones have chloritic? veinlets in with gw material.

3B. Total length 2nd piece - 13'". The most obvious feature noted as this piece came
out of the box is that the gw is predominantly grayer in color than those pieces
above § that the greenest colored gw occurs around vugs, green features, § some
highly disrupted gw. Most of the gw, when foliation is undisturbed, is dipping at

50° to axial plane of core. h The occurrence of tourmaline is not
readily apparent in the gw. t3§ The green fracture from the piece
above continues into this piece... 50° the plane of the fracture penetrates

the side of the core 9" down from top of piece.
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The vugs in this piece are different than those seen above‘as they have a bluish,
silky appearing carbonate (fizzes with HC1): in the center of the vug with or with-
out a soft, gold colored metal (gold or sulfide?) Only 6 vugs contain the metal.

Light to dark gray qtzose material from gw is stretched out into variable linear §&
lensoid zones that cut across the milky qtz. stringers but which are cut by the .
green fractures. These qtzose zones trend at 45° to the core's axial plane § form
a discontinuous plane through the core piece that changes direction at the green
fracture.
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A large vug 1-17/2" x 3/4" is located at the side of the core piece on the bottom
edge. This vug has a milky qtz. rim with an interior of xline carbonate on one
side & a xline aggregate of axinite?/tremolite/actinolite on the other.
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Gw in this piece ranges from green close in to fractures & vugs to med. gray with
microscopic chloritic (?) matrix. Most of the gw seems to be med. grained, poorly
sorted, & foliated. It also does not have the large gray lithic clasts that box
#2 had, although smaller (up to 3 mm) lithic clasts are present.

Box #4 2448' 9" to 2451' (1 piece, soon 2)

4A. Entire length 29". The core piece is greener towards the top § grayer towards
the bottom; the top has more infilled vuggy areas with greenish disrupted gw
around the vuggy areas. The gw is prﬂdomlnantly disrupted in the upper half of
the piece but the lower half has a 60° dip to the axial plane of the core.
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The green fracture at the bottoﬁvof the above core piece extends through the entire
length of this core piece. The trend of this green fracture is roughly 10° off

the axial plane of the core in the upper 14" of the piece & parallel ‘to the axial
plane in the lower portion.
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Vug composition is as the piece above with 6 vugs with the gold metal, some with
bluish carbonate, & one vug having 2 kinds of sulfide (the gold metal & a brownish-
bronze soft metal). \

The gw is crenulated or folded due to'stress resulting in drag folds, crenulations,
folding of stretched out black argillite clasts, § micro-brecciation of said
argillite frags. & emplacement of qtz. veinlets.
Numerous pressure ridges are present at various i A§7 asq dkén: ¥quw%u&‘
angles to the gw foliation. : *_
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In this piece, milky qtz. stringers may show a stairstep parting.

Green fractures are displaced by pressure ridges as are the milky \\\\

qtz. stringers. Green fractures displace milky qtz. stringers LY

& related infilled fractures & vugs. \\\\\

2451' to 2454!
Box #5 (3 pieces, top piece about ready to break 1/3 of way down).

Entire length first piece 21'". The top 1/3 of the piece is mainly gw with minute
crenulated texture; the lower 2/3 is full of discontinuous fractures & stringers

up to 1" in width filled with milky qtz. Most of these are subparallel to the gw
foliation. The division between the med. to coarse grained lithic gw in the upper
1/3 & the stretched out, sheared, § locally pulverized gw with abundant milky

qtz. veins of the lower 2/3 is a shear plane of finely ground gw material § a finely
laminated, gray to cloudy white qtz. vein. Several vugs of the carbonate/tremolite/
purple mineral variety are found along this shear plane. The shear plane is 60°
from the axial plane of the core § looks to be parallel to the gw foliation. The

gw below the shear plane appears to be much finer but in reality is stretched &
ground out gw clasts most prominent towards the shear plane but extending to the
bottom of the piece. Small black looking tourmaline xls occur sporatically with
microscopic chlorite veinlets in areas of highly disrupted gw (shear fractures?)

or sometimes with green fractures. The large vertical green fracture from the

above piece runs the entire length of this piece exiting at one side at the bottom.
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"7~ Again as in the above pieces, the milky qtz. veins are distorted & disrupted,

“some” follow the gw foliation, others do not. | An interested note, when applying

HC1 to the milky qtz. veins, there is some fizzing indicating only a small amount
of carbonate present...however, when HC1 was applied to veins at bottom of piece
that cut the veins at a 90° angle, a great amount of fizzing took place indicating



X
kS
Q




. @ o 1
Page & AN IBB-BN WMKT %977’5’

much more cabonate than originally thought. Perhaps ths zone of wezkness that
this piece broke along had carbonate xls precipitated zlong its length & these
xls are splayed across the milky qtz. veins exposed along the cut. The green
fracture displaces the shear plane on one side of the core by 5/8"...there is
no defined displacement on the other side of the core as the shear plane is not
well developed along a defined zone (right sketch above).

5B. 2nd piece - 5'". This piece is a continuation of the bottom of the piece above.
Basically the large milky white qtz. veins are the most prominent feature in the
gray stretched out, ground up gw. Carbonate xls are splayed across the cut sur-

face as in piece above.
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5C. 3rd piece - 13-1/2". This piece is predominantly gray, finely crenulated gw from

top to bottom. Not many qtz. veins are present in this piece. Some of the gw
material has been pulverized & stretched out into finely laminated lenses. The
piece is hard to describe because it has been cut § scraped by the blades in the
end of the core barrel. A few vugs, mainly of milky qtz., some tremolite/actino-
lite, & purple mineral are present. Basically most prcominent are the small folds
& crenulations that have disrupted the gw.

Described by Mary K. Twichell

/aa . 3/19/79
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PERMEABILITY TO AIR AND POROSITY

Geysers Geothermal Company Wells As Noted
Permeability
Well Sample to Air, Porosity,
Identification Number millidarcys percent
Barrows 2 T 2 0.48 4.6
(QBT/ﬁ) CA 958-3A 4 0.089 i 1.4
CA 1862-4 7 '. 0.28 2.6
CA 1862-17 10H* 0.10 0.9
MLM 3 14 1.8 9.1

*1-inch diameter core plug

This report, based on observations and materials supplied by the client, is prepared for the exclusive and confidential use by the client. The analyses,
opinions, or interpretations contained herein represent the judgement of Core Laboratories, Inc.; however, Core Laboratories, Inc., and {ts exployees
assume no responsibility and make no warranties or representations as to the utility of this report to the client or as to the productivity, proper
operation, or profitableness of any ofl, gas, or other mineral formation or well in connection with which such report may be used or relied upon.
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EFFECTIVE PERMEABILITY TO OIL
Geysers Geothermal Company Wells As Noted
Effective Specific
Permeability Overburden Permeability Permeability
Well Sample Porosity, to Air, Pressure, to Water, Ratio,
1.0, Number  percent millidarcys psi millidarcys water/air
Barrows 2 2 4.6 0.48 6800 0.027 0.056
<?Ej/b> CA 958-3A 4 1.4 0.089 2860 0.0015 0.017
CA 1862-4 7 2.6 0.28 5210 * -
CA 1862-17 10H** 0.9 0.10 8140 0.0017 0.017
MLM 3 14 9.1 1.8 5190 0.040 0.022

*Effectively imperméab1e with 5210 psi effective confining pressure and 100 psi

injection pressure

**]1-inch diameter core plug

This report, based on observations and materials supplied by the client, is prepared for the exclusive and confidential use by the client. The analyses,
opinions, or interpretations contained herein represent the judgement of Core Laboratories, Inc.; however, Core Laboratories, Inc., and its employees
assume no responsibility and make no warranties or representations as to the utility of this report to the client or as to the productivity, proper
operation, or profitableness of any oil, gas, or other mineral formation or well 1n connection vith which such report may be used or relied upon.



CORE LABORATORIES, INC.
Petroleum Reser r Engineering

FAGE 1
DALLAS, TEXATS
GEYSERS GEOTHERMAL COMPANY NATE {32686 FILE NO. ¢ 32020-15092
MISC., WELLS FORMATION ¢ = ; CAPT WELL NO. S
DRLLG. FLUID: LARORATORY ¢ MIDLAND, TEXAS
LOCATION H
FULL DIAMETER ANALYSIS - SUMMATION OF FLUIDS

SAMFILE DEFTH FERM FERM FERM FLD OILZ WTRZ GRAIN
NUMERER FEET MAXIMUM 90 DEG VERTICAL. FOR FOR  FOR DEN M

1 BARROWS 2 3T/B 0.64 20,01 11, 3.0 0.0 8B.3 2,68

2 BARROWS 2 4T/B 0.30 0.26 0.70 4,7 0,0 8.3 2.71

3 CA-958-3A 1CT/B 0.44 Qg 3G =0 Ol W 0,0 22.2 B TR

@ CA-958-3A 2BT/B 0.18 Ol 3 el RS 0.0 22,2 D072

% CA-958-3A 5AT Qi 0.07 0,38 0.9 0.0 5040 2.70

6 CA-958-6 0,56 0.39 1.6 19 0.0 6245 271

W4 CA-1862-4 1BT/B I+ 3 0.8% VF 1.9 0.0 46,0 2476 VERTICALLY FRACTURED

8 CA-1862-4 1CT/B 0.+30 0.25 035 1.9 0.0 43.9 276

9 CA-1862-17 FT/B 0.30 0.21 0.41 1.2 0.0 40,0 267
X .0 CA-1862-17G 0.12 - 0.01 16 0.0 75.0 2.66

11 MLM-3 1CT/B 0,01 <0,01 =0.,01 a2 0.0 87.9 2.72

12 MLM-3 3A 0.0l 0,01 0,01 Le? 0.0 33,3 2469

13 MLM-3 6B +0.01 <0.,01 0.06 2.8 0.0 14.6 2.69

14 MLM-3 8AT 649 0.22 2.3 9.4 0.0 14,9 2.78

¥ INDICATES FLUG FERMEARILITY

These analvses, opinions or interpretations are based on observations and materials supplied by the client to whom, and for whose exclusive and confidential use, this report is made. The interpretation< or opinions
express wesent the hest judgmeat of Core Laboratories, Inc, (nll errors and  omissions excepted Core Laboratorles, Inc, and its officers and employees, assume no responsibility and mak ananty o
tepresedi..._.ons, as to the productivity, proper operations, or profitableness of any oll, gas or other miner.. «ell or sand in connectlon with which such report Is used or telled upon,



WELL: 958-3A

LOCATION: 1791167E 399807N
SURFACE ELEVATION: %408

CASING SHOE:

FLOWRATE (KLBS/HR):

COMMENTS : D/é/h'f recch ﬁ/cz%:

M.D.

0.
200.
400.
498.
600.
800.

1000.
1049,
1200.
1400.
1557.
1600.
1800.
2000.
2127.
2200.
2285.
2400,
2408.
2408.
2558.
2600,
2800.
3000.
3051.
3200.
3400.
3516.
3600.

3925.

OPEN HOLE DESCRIPTION
: ¥%%k INTERVAL bk
BOTTOM

SIZE (IN)
10.63

TOP
2408,

958,
192.

T.V.D

3862.

N(-S)

3928,

0.
-2.
-3.
-3.
-3.
-2.

0.

1.
-1.

3.
12,
14,

440,
480.
488.
508.
518.

E(-W)

-3.
-7.

-10.
-12.
-15.
-15.
-14,
-15.
-18.
-19.
=23,
-33.
-39,
-43,
-48.
-55.
-55.
-55.
-64.
-67.
-81.
-95.
-99.,
-109.
-123.
-131.
-137.
-150.
-152.
-160.
-164.

COMP. INC

0.

. =100.
©-100.
0.
-100.
-100.
-100.

0.
-100.
-100.

0.
-100.
-100.
-100.

0

-100.
0.

-100.
0

-10.
0.
-100.
-100.
-100.
0.
-100.
-100.
0

-100.
230.
-100.
0.

0.
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Page b4 of
Sample Type Purpose of Date
Sample Depth or (e.g. full-dia. | Sampling (e.g. (In%ggsig:tro N SD :rf_ of
Depth Interval core, rubble, for fluid- ard Instiletion igd Sample
etc.) inclusion study P Return
SORTION (oY)
p W PARTIAL & Sl Tt
O 7842 (\%70 ) CORE. N s 57&4%@ UNN.| /«75

Well or Borehole

Core Sample Record

CA 966

Core Depth Interval .

7842~ 1842>
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Well Name Core Depth or First Steam Entr
e SR . y
_Company %’19(;; I(;})(g(t)lrcgr)l Depthceral Core Elevation or in Well Rock
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@T 9’“(‘6,;5 True Vertical Depth (TVD) True Vertica.l Depth (TVD)
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CORE LABORATORIES, INC.

Petroleum Reser r Engineering FAGE 1
OALLAS, TEXATS
GEYSERS GEOTHERMAL COMPANY NATE ! 3=26-86 FILE NO. + 32020-15092
MISC, WELLS FORMATION ¢ = . CAFT O WELL NO.S
DRLLG, FLUID: LARORATORY ¢ MIDLANDy TEXAS
LOCATION H
FULL DIAMETER ANALYSIS - SUMMATION OF FLUIDS

SAMPLE DEFTH FERM FERM FERM FLD  OIL%Z WTRZ GRAIN
NUMRER FEET MAXIMUM ?0 DEG VERTICAL. FOR PFOR FOR DEN M

i BARROWS 2 3T/B 0.64 <0.01 i1, 3.0 0.0 8.3 2.68

2  BARROWS 2 4T/B 0,30 0.26 0.70 4,7 0,0 8.3 2.71

3 CA-958-3A 1CT/B 0,44 0.39 <0,01 13 0.0 22.2 2,72

4  CA-958-3A 2BT/B 0.18 0,13 0.11 1.3 0.0 22,2 D72 ,

% CA-958-3A S5AT 0,12 0.07 0.38 0.5 0,0 50.0 2,70 /

b CA-958-6 0,56 0.39 138 1,9 0.0 62.5 2.71 FLIERZ (GW'OK‘T?

7 CA-1862-4 1BT/B S 0.89 VF b 0.0 46,0 2+76 VERTICALLY FRACTURED

8§ CA-1862-4 1CT/B 0,30 0.29 0.39 1.9 0.0 43,5 2.76

9 CA-1862-17 FT/B 0.30 0.21 0.41 1.2 0.0 40,0 2.67
X 10 CA-1862-17G 0.12 5 5 0,01 1.6 0.0 7540 266

11 MLM-3 1CT/B 0,01 <0,01 <0.,01 242 0,0 879 2722

12 MLM-3 3A =001 “0,01 <0.01 147 040 33.3 24,69

S MLM-3 6B 0,01 <0.,01 0,06 2.8 0.0 14.6 2,69

14 MLM-3 8AT 6.9 0.22 2.3 2.4 0,0 14,9 2.78

X INDICATES FLUG FERMEARILITY

These analvses, opinions or interpretations are based on observations and materials supplied by the client to whom, and for whose exclusive and confidential use, this report is made. The interpretation< or opinions
express wesent the best judgment of Core Lahoratorics, Inc, (all errors and  omissions excepted Core Laboratorles, Inc, and its officers and employees, assume no responsiblility and mak aranty o
tepresern...ons, as to the produetivity, proper operations, or profitableness of any oll, gas or other miner. ell or sand In connectlon with which such report Is used or relled upon,



CORE LABORATORIES, INC.

Petroleum Reservoir Engineering

FAGE 1
DALLAS,; TEXAS
3GEYSERS GEOTHERMAL COMFANY DATE ! B3-264-86 FILE NO, ¢ 32020-15092
MISC. WELLS FORMATION 3 AFT WELL NO.?
DRL.G. FLUIDS LABORATORY ¢ MIDLAND:, TEXAS
LOCATION H
FULL DIAMETER ANAL.YSIS
4> )
SAMFLE DEFTH FERM FERM FERM HE OIL%Z WTRZ GRAIN
NUMRER FEET MAXIMUM 20 DEG VERTICAL. FOR FOR FOR DEN M
1 BARROWS 2 3T/B 0464 20,01 11, 3.0 0.0 91.7 2.68
2 BARROWS 2 4T/B 0.30 0.26 0.70 3545 0.0 85.7 2.74
3 CA-958-3A 1CT/B 0.44 0.39 40,01 1.4 0.0 20.0 2072
S CA-958-3A S5AT 0.12 0,07 0,38 0.9 0.0 57.1 2.71
46 CA-958-6 0,96 0439 1wb 2.6 QO 2247 273
7 CA-1862-4 1BT/B 3.3 0.85 VF 2.1 0.0 92.5 2477 VERTICALLY FRACTURED
8 CA-1862-4 1CT/B 0.30 0,25 0,35 2.4 0.0 79.3 2.77
@ CA-1862-17 FT/B 0.30 0.21 0.,41 147 0.0 8.7 2.68
11 MLM-3 1CT/B 0.01 20,01 “0.01 2.9 0.0 88,9 272
12 MLM"_3 3A <0.,01 0.01 0,01 2.7 0.0 60.0 2.72
13 MLM-3 6B 20,01 10,01 0.06 B 0.0 BO.4 2.71
2T
* INDICATES PLUG PERMEABILITY R :,’
J-t‘i{t{-’ wfo
These snalyses, opinions or interpretations are based on observations and materials supplied by the client to whom, and for whose exclusive and confidential use, this report 1s made. The inierpretation of DPIBIONS

expressed represent the best judgment of Core Laboratories, Inc. (all errors and omissions excepted); but Core Laboratories, Inc. and its oflicers and employees, assume no tesponsibility and make no warriniy o



GEYSERS GEOTHERMAL COMPANY
3\26\86
32020-15092

SAMPLE WELL PORE VOLUME PORE VOLUME WATER INJECTED GRAIN DENSITY GRAIN DENSITY BULK BULK VOLUME BULK VOLUME

NUMBER NAME & NUMBER  BY SUMMNATION BY HELIUM LOSS SATURATION BY SUMMNATION BY HELIUM DENSITY BY CALIPER BY ARCHIMEDES
OF FLUIDS INJECTION OF FLUIDS INJECTION
(ce) (cc) (gm) (gm) (gm/cc) (gm/cc) (gm/cc) (cc) (cc)
1 Barrows 37/8 12.00 12.00 1.00 11.00 2.68 2.65 2.63 402.774 398.00
2 Barrows 4T/B 24.00 28.00 2.00 22.00 2.7 2.72 2.63 509.755 507.00
3 CA-958-3A 1CT/B 9.00 10.00 2.00 7.00 2.72 2.70 2.70 719.630 714.00
4 CA-958-3A 28BT/8 9.00 10.00 2.00 7.00 2.72 2.7 2.70 716.518 713.00
5 CA-958-3A S5AT 4.00 7.00 2.00 2.00 2.70 2.70 2.69 763.022 759.00
6 CA-958-6 8.00 11.00 5.00 3.00 2.7 273 2.68 417.485 416.00
7 CA-1862-4 1BT/8B 37.00 40.00 17.00 20.00 2.76 2.77 2.73 1937.778 1934.00
8 CA-1862-4 1CT/B 23.00 29.00 10.00 13.00 2.76 2.76 2.7 1212.895 1207.00
9 CA-1862-17 F1/B 5.00 7.00 2.00 3.00 2.67 2.68 2.65 410.00
10 CA-1862-176G 8.00 9.05 4.00 4.00 2.66 2.66 2.63 503.00
1" MLM-3 1CT/8 8.00 9.00 7.00 ) 1.00 2.72 2.70 2.68 365.819 363.00
12 MLM-3 3A 15.00 25.00 5.00 10.00 2.69 2.70 2.65 910.715 904.00
13 MLM-3 6B 41.00 51.00 6.00 35.00 2.69 2.7 2.64 1451.641 1452.00
14 MLM-3 BAT. 47.00 48.00 7.00 40.00 2.78 2.76 2.61 505.180 500.00
Sl T



WELL: 958-

LOCATION: 1799503E 400953N
SURFACE ELEVATION: 2222,
CASING SHOE: 4052 .
FLOWRATE (KLBS/HR): 70.

COMMENTS : CONVERTED TO INJECTION
WELL WITH 6.63" CSG TO 7834'. BH.LOC EXTRAPOLATED

M.D. T.V.D  N(-S) E(-W)
0. 0 0. 0
200. 200 1. 1
400. 400. 3. 4
597. 597. 6. 9
600. 600. 6. 9
800 . 799, 11. 15
1000 999 15 23
1061 1060 17 26
1200 1199. 24 34
1400 1398 29 45
1478 1476 29 49
1600 1599 27 60
1800 1798. 18 66
1854 1852. 14 65
2000 1997 3 54
2134 2129 -14 40
2200 2192 -31 29
2400 2382 -82 -3
2590 2564 -129 -32
2600 2574. -131 -33
2800 2766. -179 -59
3000 2958. -228 -86
3128 3081. -260 -103
3200 3149. -280 -113
3400 3340. -333 -141
3600 3532. -383 -167
3601 3533, -383 -167
3800 3726. -424 -189
4000 3919. -469 -213
4052 3969, -481 -219
4052 3969. -481 -219
4200. 4112, -516. -237.
4400. 4304, -567. -263.
4507 . 4406 . -595. -277.
4600. 4494 -621. -290.
4800. 4684 . -679. -318.
5000 . 4873. -738. -347.
5066. 4935, -758. -356.
5200 . 5061 . -800. -375.
5400 . 5248. -863. -403.
5600. 5436, -927. -431.
5671. 5502 . -950. A
5730. 5557. -969. -449.
5800 . 5623. -992. -459.
5805. 5627. -994 . -460.
5989 . 5799. -1054. -485.
6000. 5809. -1058. -487.
6064 . 5869 . -1079. -496.
6200 . 5996 . -1124. -516.
6400 . 6182. -1191. -545.
6410. 6191. -1194. -547.
6600. 6368. -1259. -574.
6800. 6554 -1328. -601.
7000 . 6740. -1397. -628.
7062 . 6797. -1419. -636.
7200. 6925. -1469. -653.
7400 . 7109. -1540. -678.
7600 . 7294 -1612. -703.
7686. 7374. -1643. -714.
7800 7479. -1684. -728.
7820. 7498. -1691. -731.

OPEN HOLE DESCRIPTION
*%% INTERVAL ik

SIZE (IN) TOP BOTTOM
8.75 4052 7820.

COMP. ING

: 0.
©-100.
-100.
0.
-100.
-100.
-100.
0.
-100.
-100.
0.
-100.
-100.

0.
-100.

0.
-100.
-100.

0.
-100.
-100.
-100.

0.
-100.
-100.
-100.

0.
-100.
-100.

0.
-10.
-100.
-100.
0.
-100.
-100.
-100.
0.
-100.
-100.
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TO AT
C. J. Von Hoene ! Santa Rosa

FROM AT

M. K. Stfoh;Twichell J Santa Rosa

DATE

May 3, 1984

SUBJECT

Proposed Coring of Felsite in the CA 958-6 Well

It is increasingly evident that various reservoir parameters
have been and continue to be strongly affected by the occurrence
of felsite. (The term felsite is applied to any light colored
samples of acidic igneous rocks that have been drilled at some
depth beneath Franciscan assemblage rock.) These were discussed
during the technical review session held April 26, 1984 for T. W.
Ehring. Major topics included the following:

a. Geological structures -- Fracture orientation and distribu-
tion in the surrounding Franciscan assemblage was modified
due to the intrusion of the felsite.

b. Geochemistry -- Felsite may directly affect oxygen isotope
and boron values, and indirectly impact gas and steam con-
tent (e.g. through its influence on permeability and reser-
voir temperatures).

c. Petrology -- Heat from intrusion of the felsite metamorphos-
ed the surrounding rock to a hornfels. Circulation of heat-
ed liquids through the rocks have altered them and left cer-
tain minerals crystallized in the fractures.

d. Reservoir rock characteristics =- In analyzing fluid move-
ment through the rock sequence, two major categories of
reservoir rocks must be considered: 1l.) Franciscan assembl-
age and 2.) felsite and hornfels.

It is important that more tangible data be collected concerning fel-
site in order to fully understand its impact on the evolution of the
hydrothermal system. There is an excellent opportunity to gather
more data on felsite by retrieving a core from the bottom of the

CA 958-6 well during its workover and recompletion to an injection
well for Unit 16. Retrieval costs, inclusive of rig time, are approx-
imately $10,000. Proposed core analyses include compositional de-
termination, age dating, oxygen isotope value determination, porosity
and permeability, and any fracture characterization studies that may
be possible given that fractures are present in the cored piece.
These analyses are of minimal cost, less than $3,000. The above
analyses will furnish data needed to refine the structural geology
and geochemical models, and for determination of reservoir rock
characteristics that are quite different from Franciscan assemblage
rocks. Your approval of this project is requested.

= 532L3?/5%(<C2%»A{?~jzz;éﬁfgck/

MJ K. Stroh-Twichell

cc: W, T. Box, Jr. ¢
K. L. Enedy W
g
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Well or Borehole

Core Depth Interval

Sample Type Purpose of Date
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WELL: &4

LOCATION: 1789407E 407003N

SURFACE ELEVATION:

CASING SHOE:

FLOWRATE (KLBS/HR):

3395.
4429 .
70.

COMMENTS: FISH LEFT IN HOLE - TOP AT 7310.

M.D.

0.
200.
400.
600.
800.

1000.
1049.
1200.
1400.
1600.
1800.
2000.
2059.
2200.
2400.
2600.
2800.
3000.
3017.
3200.
3400.
3600.
3800.
4000.
4021.
4200.
4241 .
4400.
4429 .
4530.
4600.
4800.
5000.
5036.
5145.
5200.
5268.
5400.
5600.
5800.
6000.
6003.
6200.
6400.
6600.
6800.
7000.
7035.
7200.
7295.
7400.
75917 .
7600.
7800.
8000.
8035.
8200.
8357.

OPEN HOLE DESCRIPTION

T.V.D

0.
200.
400.
600.
800.

1000.
1049.
1200.
1400.
1600.
1799.
1999.
2058.
2199..
2399.
2599.
2798.
2997.
3014.
3195,
3394.
3592.
3791.
3989.
4010.
4189.
4230.
4388.
4417.
45117,
4587 .
4785.
4982.
5018.
5125.
5178.
5245.
5374.
5570,
57617
5964 .
5967.
6164.
6362.
6561.
6758.
6956.
6990.
7150.
7243.
7345,
7538.
7540.
7736.
1932,
7966.
8128.
8282.

*%%% INTERVAL %%k

SIZE (IN) TOP
8.75 4429.

N(-S) E(-W)
0. 0
-5. 0
18, 1
-15. 2.
20, 4.
-26. 6.
-27. 7
<31, 12.
-36. 17.
-42. 21.
-49. 24 .
=57, 25.
-59. 25.
-74. 27.
A1 27.
-103. 24 .
-109. 19.
-110. 11.
-110. 10.
-97. -6.
<83, 23,
-68. -39.
-52. -55.
-45. -70.
= -72.
<17, -81.
<13, -83.
2. -92.

4. -94 .
14. -101.
21, -105.
40. -120.
59. -135.
62. ~1a8,
73. -146.
78. -151.
84 . «157 .
97. -168.
iy 2 -188.
137. -209.
158. -233.
158. -233.
177, -261.
198. -289.
220. -319.
242 . -349.
266. -380.
270. -386.
289 . 520,
301. -439.
314, -458.
340. -492.
340, -493 .
368. -524.
398. -551.
403. -555.
429. -574.
454 . -590.

BOTTOM
8357.

COMP. INC

0.
-100.
-100.
-100.
-100.
-100.

0.
-100.
-100.
-100.
-100.
-100.

0

-100.
-100.
-100.
-100.
-100.
0

-100.
-100.
-100.
-100.
-100.
0.
-100.
-1.
-100.
-10.
25,
-100.

a4 CORE
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CA 1862-4 (82-28) Core Description

On Thursday, March 20, 1980, ten feet of foliated graywacke was cored in
the CA 1862-4 (82-28) well. The cored interval was from 4455 feet to 4465
feet. All ten feet of the core was recovered. A true measurement of the
core is not possible due to the fragmented nature of some of the core

samples.

Tray #1 (Top of core--core interval 4455' to 4458' 2y

The entire length of the pieces filling tray #1 is 38''. All pieces are foliated
graywacke with stringers and pods of altered rock parallel to and cross

cutting the foliation.

Section 1A (4455' - 4456' 7'') - foliated graywacke; light, med., dark gray to
green color; med. to coarse grained; poorly sorted; quartz-clasts are some-
times distinct in with a black, argillaceous to micaceous partings and discon-
tinuous stringers; also green, chloritic ""matrix" present; none of the other
clasts are identifiable due to small size but guess that the light gray clasts are
probable feldspar and chert, and the darker gray clasts are lith frags. of one
sort or another. The strong foliated texture is due to discontinuous black
bands of argillite and argillaceous partings that are microscopic to 7mm in
width, There are also discontinuous green bands of highly variable width
(microscopic to 1 cm) that are probably completely chloritized and altered,
very fine grained, mylonized graywacke material. Highly irregular pods and
stringers, yellowish-pink, white, and light gray in color, parallel the foliation
as well as cut across it. These are composed of pinkish calcite and milky
white to translucent quartz. The minerals are mixed together with calcite
veinlets penetrating the quartz in a mosaic type pattern. No zonation of
quartz at the margin and calcite in the interior was noted. Some of the pods
and stringers have green chlorite associated with the above two minerals.

It is believed that the pods of calcite and quartz were formed from preferential
dissolution of graywacke inclusions (pebble size) that were initially in the
graywacke and that were of different composition and/or underwent a different
tectonic history (stressed differently) than the graywacke the inclusions were
imbedded in. Some of the pods still have some relict graywacke that has not
been completely resorbed. (Evidence for graywacke inclusions comes from
compression and warping of the graywacke / argillite layers beneath the
inclusion, and no deformation of the layers surrounding the inclusion as rock
material was deposited around it.) The foliation is approximately at 50° to
the axial plane of the core. Many of the argillite bands are highly deformed.
Small scale vertical faults, crenulations, folds, and irregular, broken
contortions of the argillite bands are all present. The green '"graywacke"
bands are warped and folded but not to the same degree as the argillite bands,
The argillaceous partings within the graywacke are often crenulated and the
graywacke itself has a cataclastic texture. Argillite bands appear in both



2 CA 1824 ;7,40{7

the graywacke and the green "graywacke' bands. The calcite/quartz veinlets
and stringers are:both parallel to and cross cut the foliation. They are

found in all of the above rock types. They are highly irregular in width,
ranging from microscopic to 6mm, and often appear to be discontinuous along
their. length because of this. Most of the larger stringers parallel the
foliation., The high angle calcite/quartz filled fractures range from parallel
to the axial plane to 40° from the axial plane of the core. Maximum width of
these fractures is roughly 2mm. Some of these cannot be traced as through
going fractures but are lost in the calcite/quartz stringers that parallel the
foliation., The most common sulfide was pyrite, and only a thin '""'seam' was
found where cubic pyrite was disseminated in coarse, unchloritized graywacke
along either side of a thin (< 1/4 mm) argillite band. The pyrite crystals
were less than 1/2mm in size. Using the binocular microscope on high
power (40X), cubic pyrite, drusy pyrrhotite, and a very small amount of
crystalline sphalerite was found in a small lense (1/2cm by 2cm) of altered,
chloritized graywacke parallel to the foliation. This lense was surrounded
by argillite and '"green' chloritized graywacke bands.

Section 1B (4456' 7'' - 4457' 6'") - foliated graywacke as described above. The
prominent features in this core piece are a large (approx. 5 1/2' by 5'),

altered graywacke inclusion and a faulted and folded green chloritized '"graywacke"
band. The altered graywacke inclusion is grayish-white and contains gray,
translucent quartz clasts (up to 1mm in size), and is cross cut by numerous
creamy pink colored calcite veins ranging up to 5mm in width. Under high

power (40X) binocular examination, there is quartz associated with some of

the calcite veins, A few veins have small (lmm) vuggy areas where microscopic
quartz crystals protrude through the calcite into the open space. Surrounding

the calcite veins is gray, translucent, drusy quartz and a soft, earthy, white @
clay(?). These occupy most of the area not cut by the calcite veins., Sporadic
rare traces of cubic pyrite and sphalerite are present in this inclusion. The
green chloritized band displaced by a fault is irregular in thickness and
interfingers with smaller, dark gray to black argillite bands. The bands

form a prominent chevron fold in proximity to the fault. The axial plane of

the fold trends roughly parallel to the fault plane, There is approx. 2"
displacement of the green band. The fault itself trends at 20° to the axial

plane of the core., It is mineralized over much of its length but in some places

is defined by strung out cataclastic graywacke and micaceous argillite bands.

The mineralization along the fault is much the same as in the graywacke inclusion.
However, white, silky to fibrous natrolite (?) '"laths'' are present in the quartz
and calcite mineralization of the fault., The laths are less than 2mm in length.
Under high power examination (40X), small stringers of chlorite/serpentinite
containing sphalerite and sometimes pyrite and minor pyrrhotite are present
within the cataclastic graywacke or along the margins of quartz/calcite stringers
in proximity to the green band. These closely resemble the smaller, discontinuous
argillite bands.
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Section 1C (4457' 6'' - 4458' 2'") - continued foliated, chloritized, cataclastic
graywacke as described for Section 1A the fault continues into this piece of the
core, The fault plane ranges between 5° and 10° from the axial plane of the core.
A thin (1mm in width) band of cataclastic graywacke and argillite strung out
parallel to the fault marks the fault's plane through the core piece. On one

side of this plane, the foliated graywacke butts up against the strung out
graywacke and argillite. On the other side, a zone 2 1/2 to 3 cm in width of
disrupted graywacke inclusions, argillite stringers, green bands, and quartz/
calcite veins and stringers butt up against the strung out graywacke/argillite.
This zone appears to have both plastic deformation ("'flow' of argillaceous @
and green bands into the zone) and brittle deformation (fault gouge). The fault
displaces an interval of argillite and green bands that parallel the foliation.

The quartz/calcite veins and stringers both parallel and cross cut the foliation
as described in Section 1A. A white clay(?) and traces of chlorite are associated
with the quartz and chlorite of many of the veins, A reddish-brown, soft
substance is present in some of the vuggy areas of the more vertical quartz/
calcite veins, This may be something introduced from the drilling process.
Some traces of sphalerite and pyrite were noted in chloritized and altered
graywacke under high power (40X) binocular scope examination, Some serpen-
tinite(? ) was also noted in these areas. A few graywacke inclusions showed
metamorphisni-into the blueschist facies, These inclusions were found in the
argillite/green band/graywacke interval,

Tray #2 (cored interval 4458' 2'' to 4460' 8'")

The entire length of the pieces filling tray #2 is 29'', All the pieces are foliated
graywacke. The first piece is the most variable with large graywacke inclusions
and green '"‘graywacke'' bands within the foliated graywacke.

" Section 2A (4458' 2'' - 4459' 3'") - foliated, altered, chloritized graywacke as
described in section 1A, Parts of this core section contain coarse to very
coarse, poorly sorted graywacke. The fault described in Sections 1B and 1C
divide the main foliated graywacke body from the foliated graywacke containing
the altered graywacke inclusions and green '"graywacke!'" bands, The fault is
well defined in the top 5'' of this core piece with green bands and quartz/calcite
stringers butting against coarse, foliated graywacke along a thin ( 1/4 mm)
seam of strung out argillaceous material and probable mylonized graywacke
material, This part of the fault trends at 5° to the axial plane of the core. The
lower 8'' of the fault is poorly defined and at times is lost in the chaos of foliated
graywacke, quartz/calcite stringers, and green bands. The graywacke inclusions
are of variable size and shape (mostly large ranging between 3'' and 6'' in
longest dimension), and of variable composition and degree of alteration, The
inclusion containing blueschist minerals (as observed by its bluish color) is the
most compact, least altered and mineralized inclusion in this core piece.
Another inclusion whose composition is probably quartz-feldspathic for the most"
part is partially altered (under 40X power, small chloritized patches are

visible) and cut by quartz/calcite veins, Small patches of white clay are also
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present throughout the inclusion. This inclusion is surrounded by an envelope
of mylonized graywacke and argillite ranging from lmm to 1l cm in width.
The quartz/calcite veins do not penetrate through this envelope. In a few
places the mylonized material appears to flow into the veins., In one area the
vein inside the inclusion appears to connect with a small quartz/calcite
stringer outside the inclusion by a finer grained, more mylonized and offset
band of graywacke and argillite than that surrounding the inclusion. I believe
the fluid that altered and mineralized this inclusion was introduced along such
paths as described above. Once in the inclusion, the fluid moved through
fractures within the inclusion altering the matrix component to chlorite and
precipitating quartz then pinkish calcite in the fractures. A third large inclusion
is quite different from those previously described. It appears to be totally
altered to quartz and small patches of white clay with pinkish calcite veins
cutting across the quartz in a random pattern. Most of the margin of this
inclusion is irregular and diffuse as if the foliated graywacke and chloritic
bands surrounding the inclusion are being absorbed by it. A few patches of
graywacke are completely surrounded by the altered material. Again, most
of the altered material is compactly contained with little communication with
quartz/calcite pods and stringers outside the inclusion. Sporadic trace
amounts of sphalerite and pyrite imbedded in chlorite/serpentinite were noted
parallel to the foliation under high power (40X). A mineralized fracture
parallel to the axial plane of the core cross cuts all features (green bands,
argillite bands, inclusions, quartz/calcite stringers, etc). Only two minerals
are present in the fracture; quartz, predominantly translucent, gray, and
anhedral but forming clear, enhedral crystals in the vuggy areas, and calcite.
The fracture is Imm or less in width, The minerals, at times, entirely plug
the fracture,.

Section 2B (4459' 3'' - 4460' 8'') - section 2B is composed of four pieces of
core; three pieces having broken off of the main piece. This section is
predominantly foliated graywacke with smaller quartz/calcite stringers than
in the sections above. (Examination un