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CORE-CL.XLS

Core Chloride Data

Sample Core Core Felsite Rock
Well from Interval Elevation Elevation Type
- (drld IT) (MST) (MSLY
p
of DX-84 reservoir 7730-7741 -4180 -6200 graywacke
'i//GEC—BC reservoir 5012-5022 -2920 -4000 graywacke
W’ GDHS -7 reservoir 8060-8075 -4825 -8000 graywacke
W §EGU-17 reservoir 8523-8540 -5245 -9000  graywacke
wSE-31 reservoir 3729-3750 -1565 -4700 graywacke
W TH-7 shallow reservoir 1000+- 740 -4500 graywacke
wwﬁtcﬁ 15D-28 reservoir 5017-5032 -2015 =-2500 graywacke
=
W L'ESP-2 high-T reservoir 11051-1106 -8075 -9000 graywacke
~Wﬂ:E 27-A2 high-T reservoir 10366-1038 -7225 -8000 graywacke
Wﬂy“vnz steam entry 3708-3718 -665 -300 - felsite
W LF-48 reservoir 8089-8096 -4805 -3000 felsite
'
” DV-1 above reservoir 4140-4150 -1295 -2200 graywacke
v HVS 94-25 above reservoir 8234-8248 -5595 -10000 graywacke
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Approximate Reservoir Boundary

Key to Core Lithologies

E Reservoir Graywacke
£ Reservoir Felsite
Z1 Non-Reservoir Graywacke

I
\-@ UNOCAL Wells
Geo-Operator Wells
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(General Features of the Veins and Fluid Inclusions

Vein Types

Quartz + Calcite (Franciscan)

Quartz + Tourmaline + Actinolite + Chlorite
Quartz + Actinolite + Epidote + Chlorite
Quartz + Epidote

Quartz + Calcite + Adularia

Fluid Inclusion Types

Liguid-rich Inclusions (Oldest to Youngest)
4 Phases with Halite and Sylvite
3 Phases with Halite
2 Phases with less than about 5 Wt % Co2

Vapor-rich Inclusions
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Greenstons and Chert

Undifferentiated Melange
Argitlite -rich turbidite sequences
Graywacke -rich iurbidite sequences
Hornfelsic “meta-sediments

Water; Water and steam entry
Steam entry

toss of circulation

""" Boundary of Brittle Fractures

Reservoir Temperature Boundary

Top of Horafels

FIGURE 2: Conceptual Cross
Section across Northwest
Geysers steam field showing
hypothetical well courses and
anticipated steam entries, water
entries and loss of circtlation
zones as determined by local

geology.
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TABLE 1

GUNDERSON
Cora

Core Interval Elev.
Well Sample From (Drili1ed Depth) (M3L)
A DX-0¢ Reasecvolr 7730-7741" -4180*
8 GDC-)0 Regarvolr §012-5022" 2920
C GDHS-7 Racocvolr 8060-08075" -4825"
D NEQU-17 Reservoir 6523-8540" -5245"
E SB-31 feservolr 172%-3750" -1865"
P TH-7 Bhallov Raev. ~1000"* ~e740°
G GDCP 150D-28 Resarvolr 5017.5032" ~2018%"
H IL'ERP-2 High-T Rasv, 11,051-11,067" -807%"
1 OF27A-2 8T1 High-T Resv. 10,366-10,287* -7225"
J DV-2Z Steam Entry 3708.13718" -685"
K CDC-21 Rasorvolr S064-5040" =1310"
L LF 48 Rosorvolr 2009-0096" -480%"
M DV-1 Above Rasgv, 4140-4150" -1295¢
N VS 94-239 Abova Nesv. 8214.8248" ~5895"
P KCS 82-15 Outsida Reav, 10,065-10,087" -7670"
Q Ohallow Abova Reav. 200" +3000°

Corce

each core is recovered as segments of
full 4 inch diameter, with tgg
remainder ranging from only slightly
broken plieces to rubblae.

The twelve regervoir cores include
eight cores of graywacke from the
maln reservoir, one graywacke core
from the shallow Thermal raservolir
(Raasch, 1985), and three cores of
reservolr felsite. Depths of these
cores range from about 1,000 feet to
11,067 feat. For compariaon of
regervoir porosities with porosities
outside the resgervoir, four
non-resarvolr graywacke cores ware
analyzed. Those include two cores of
reservoir cap rocks, one deep core
from a well entirely outside the
reservoir, and five very shallow
cores from within a few hundred feet
of the surface. Locatlions of the
deep cores are shown in Figure 1.

ROCK POROSITIES

Matrix porosity was determined for
all samples at Terra-Tek Core
Services, Inc, of Salt Lake Citg by
comparing grain volume, measuraed by
ermeating the rock wifh helium, with
ulle wolume, moaocurad b immerolion in
water or mercurz. The resultant
valuas raepresent effective porosities
applicable to a vapor-dominated
geothermal reservolr, slnce they are
measurements of that part of the rock
which is permeabla ta a low viscosity
gas phase (lL.e. steam). Multiple
poroslty measurements were made on
each core to determine an average
value of porosity. The measurements
were taken wherever possibla on both
full diameter 4-inch core and l-inch

S ERE which wera from

diameta: e

~ut

WiasaCll Werea

el d Y FOLS RS
Felslite Porosity (val W) Grain
Elev. Rook 4" » i Renye of Densiry
(MSL) Type Core Plug Values (g/cnd)
-6200 Graywacke 1.1} 3.2 1.5-5.0(12) 2.70
-4000 Graywacke 1.9 1.4 0.3-).1(12) 271
-8000 Graywacks 1.3 1.1 0.2-2.1(12) 2.74
-%000 Graywacke 2.9 2.6 1.1-%3.6(8) 2.72
-4700 Graywacka 3.1 3.1 1.1-5.7(16) 2,72
-4500 Graywacke --- s.8 4.1-8.1(10) 2.69
-2500 Graywacke 1.1 0.6 0.1-1.6(9) 2.69
-9%000 Qraywacke 0.6 0.7 0.2-1.1(8) 2.74
-8000 Graywackeg 0.9 0.8 0.)-1.5(8) 2575
-200 Felaite 4.2 4.4 3.1-5.6(4) 2.6)
-1500 Pelsite 1.7 0.8 0.8-2.0(4) 2.6%
-J000 Pelaite 2.1 1.6 1.1-3.0(8) 2.62
=2200 Graywacke 1.2 0.5 0.,4-1.4(5) 2,70
-10,000 Graywacke 1.9 1.4 0,8-2.1(8) 2.7%
... Geayvacke 0.9 0.3 0.2-1,2(5) 2.78
- Graywsche w-- 2,1 1.0-3,2(%) 273

L4

¢ '

Figure 23 Schematic dlagram deplcting
the four tyfes of matrix porosity
rocognized n Geysere o0o0oroo.

A. wldely diutriguted vugs and
intergranular voids,

B. concentrations of vuge and
intergranular voids associated
with vein selvages,

C. vuge within veins,

D. voung, unminerallized fracturss.
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Figure 3: A: Distribution of porosity with depth in Geysers area non-resarvolir

gra{wacke'coree.
B: Distribution of Eorosity with depth in Geysers reservolr cores.
The shaded area 18 from 3A. Core names are keyed to Table 1.

be used hereafter Ln this wludy
robably

the coxe. The rosults aroc precoentod
in Table 1. (where available). Thay are p
cloger to reservolr valuas than are

In 10 out of the 14 cores where the l-inch porosities.
porosity was measured on both 4-inch

and l-inch diameter samples, the Gaeysers rocks have very low

orosities when comparad to mogt

4-inch samples yielded higher values P '
(Table 1). The average orositx of other geothermal reservoir rocks;
the 4 inch samples from those 1 however, there appears to be hiqﬁer
coras was 1.9% and the average 1 inch porosity and more varlation of
orosity wan 1.6%. The diepaxity orosity in reservoir graywacke than
Eetween l-inch and 4-~inch samples fn graywacke from outs?de of the
suggeats heterogeneitz in the ragdrvolr. Porosities of repervolir
dis€ribution of Eoros t% at the scale raxwacke cores vary from a_low of
of a few centimeters. his .6% ta a high of 5.8% (Table 1&. In
heterogeneity is thought to be a contrast, non-reservoir graywacke
result of the fracture-related nature vary only from 0.9 to 2.3%. The two
of the poroeit¥, as seen ”magrix" felsite values are very
petro?raphical y (Figure 2). The similar at 1.7% and 2.1%.
poroslty meaaured on a l-inch plu

The difference in porosities between

represents a uniforml{ distribute
poroslty component (Figure 2: Type A) graywackes inside and outside the
lus a component related to the regervoir is highlighted in Figure 3.
ractures in that sample (Figure 2: In non-regervoir graywackes there
Types B, C, D). Porosities of 4-inch a?pears to be verx little variation
of porosity with depth (kigure 3A).

corea ara thought to be higher than

l1-inch porosities because, by virtue Reservolir Yraywackes, whilé they show

of thelr larger volumes, éhBX sample considerahble Overlag with

additional larger, more wildaly spaced non-reservoir poroslties, clearly

fractures and hence have a larger show much more variation and have a

fracture-ralated porosity compdonent. more positive correlation with depth

It followa that matrix porosities (Figure 3B).

apglicable on a reservolr scale

(where all fractures smaller than The wider range in porosities of

steam entry-sized fractures raservolr rocks when compared to

contribute to matrix porosity) would non-reservoir rocks suggests that

be highar still than those msasured procesaes which have bogh enhanced

in thé 4-inch core. Lacking a way to and destroyed porosity have occurred

sample larger volumes of thé in the resarvolr. Processes )
t i enhancing porosity probably included

regarvolr, the 4-inch porositias will
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NORTHWEST GEYSERS SOUTHEAST GEYSERS
"PERCENT WELLS WITH STEAM ENTRIES
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Abstract

The Geysers steam reservoir exists primarily
within Mesozoic Franciscan greywacke and an
underlying 2.4 - 0.9 Ma silicic batholith. ATl
steam from both reservoir rock types is produced
from a highly permeable and interconnected set
of fractures. The top of the reservoir has a
roughly antiformal shape, with a
northwest-trending axis that coincides with the
axis of the elongate batholith.

Different fracture patterns exist in the
greywacke and intrusive rocks. The orientation
of steam-bearing fractures within greywacke fis
generally random, but includes extensive
low-angle fracture zones. We infer from this
that many of the fractures represent re-opened
Franciscan-age structures. The distribution of
these steam-bearing fractures in greywacke leads
to laterally extensive zones of high
productivity. In contrast, high productivity in
the intrusive rocks is  found in  nparrow,
steeply-dipping =zones. This pattern reflects
the predominantly high-angle fractures in the
intrusive rocks that are reiated to vrecent
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BEALL ¢ BOX, 1987
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Figure 9. Schematic representation of the fracture
system contained within the South Geysers

reservoir,

View is to the northeast from

immediately southwest of the Unit 13 area.

ABSTRACT

The distribution of steam bearing frac-
tures in over 100 wells in The South Gey-
sers reservoir indicates an effectively
random fracture network. Low angle pro-
ductive fractures of limited lateral ex-
tent are irregularly dispersed within
blocks bounded by high angle fractures of
random strike. The upper surface of the
reservoir exhibits major vertical offsets
at block edges. The lower, and the
northeastern and southeastern reservoir
margins are gradational in nature and
dominated by high angle fractures with
diminishing fracture density.

Permeability is enhanced in the north to
north-northeast direction as evidenced by
tracer studies. This is compatible with
the stress field orientation in The Gey-
sers as determined from seismic studies.

CONCLUSTONS

The current study indicates that the
distribution of reservoir fractures is
largely random. The reservoir model
which best fits our data 1is one of
vertical to high angle fractures of
varying strike, defining blocks which
contain low angle fractures of limited

lat=ral extent. Block size 1is highly
variable, as is the density of low angle
fractures within them. Both the north-

east and southeast lateral reservoir
boundaries as well as the lower boundary
appear to be gradational in nature, with
productive fractures being more widely
spaced and dominated by the high angle

variety. Never the 1less, it 1is the
generous overall distribution of
productive fractures which has been most

he congs of

resrnonsihles for hy [=33)
responsipie Lor Tne SUCCCEE

development drilling operations in The
Geysers.
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HYDROTHERMAL ALTERATION

The subsurface in the Northwest Geysers can
be divided into three zones based on the observed
hydrothermal alteration. The first zone is a
relatively unfractured and non-productive
graywacke above the steam reservoir. This interval
is not totally void of hydrothermal mineralization
as there are isolated thin breccia zones of adularia-
sericite alteration formed by the explosive eruption
of boiling hydrothermal fluids (Sternfeld and

-Walters, 1989; Moore and others, 1989).

The second zone is a hydrothermally altered
steam-bearing zone characterized by the
disappearance of Franciscan calcite veining and the
pervasive deposition of two distinctive generations
of hydrothermal minerals (Walters and others,
1988). The most dominant generation of
authigenic minerals is composed of successive
temperature-dependent assemblages. These are
quartz + epidote + albite + pyrite, actinolite +
adularia + pyrrhotite, and tourmaline + quartz +
hornblendic amphibole + pyroxene + ilmenite.
Superimposed over this earlier mineral zonation is
the distribution of a second generation of minerals
characterized by prehnite and axinite. There is a
good correlation between the occurrences of
prehnite + axinite and observed steam entries.

The third zone is composed of hornfelsic
graywacke which was partially to completely melted
and recrystallized by underlying intrusive rocks.
This material is composed of a fine to medium
crystalline assemblage of biotite + tourmaline +
adularia + quartz + ilmenite. Zones of hornfelsic
graywacke, 1500 to 2500 ft thick, overlie felsite
intrusives rocks in other areas of the Geysers. Even
though felsite has not been drilled in the
Northwest Geysers, the presence of hornfels
indicates the existence of intrusive rocks at a
postulated depth of 3.5 km.

IEINISTEISTO MR TS RETHES 03 DY DTN RN RONE § 29 ]
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Terralek Core Services, Inc.”

University Research Park - 360 Wakara Way - Salt Lake City, Utah 84108 - (801) 584-2480 - TWX 910-925-5284

GEOTHERMAL DIVISION

L1 State:! Date: 5-FEB-1990
CField: County: TTCS File #: 5030
Cbhrilling fluids ‘ ' Location? Elevation:
FULL DIAMETER DEAN-STARK ANALYSIS
Porosity Saturation firain
Gample 0il H20 Density
Number YA YA % {(gm/ce)
1 NEGU-17 A 1.6 0.0 13.5 2.71
@ NEGU-17 B 3.8 0.0 4.4 2.70
3 HEGU-17 € 4.5 0.0 7.2 2.71
4 NEGU-17 D 1.4 0.0 26.0 2.72
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Terralek Core Services, Inc.
Liniversity Research Park - 360 WakaraYWay - Salt Lake City, Utah 84108 - (801) 584-2480 - TWX 910-925-5284

GEOTHERMAL DIVISION

State: Date: 5~-FER-1990
County: TTCS File #: 503082
Briilimg fluld: Location: Elevation:

2—-INCH PLUG FPOROSITY AND GRAIN DENSITY

e 4 G i Gy G b e G D ST s o KO W) T G T WS o T e h b i (A SOt et e o S St e T M e S PR o ey e o e A S S D WS Gy ) S ) e S an e e ) o e W M e e e e A S S T o S et o o A el s W o S ohd S M Ut et e S R e o Pt b S S A e e T LR (e e N S T L N . o e S o

Porosity Grain

Sample Density
Mumber y4 (gm/ce)

A NEGU-17 A 0.8 2.70
2 NEGU-17 B 1.2 2.71
3 NEGU-1T7 C 4,0 2.71
4 NEGU-17 D 1.9 2.74




Terralek Core Services, Inc.”

University Research Park - 360 Wakara Way - Salt Lake City, Utah 84108 - (801) 584-2480 - TWX 910-925-5284

HNOCAL GEOTHERMAL DIVISION

Hali: State: Date: 9~-FEB-1990
Figlds County: TTCS File #: 503082
iliing fluids Lacation:

Elevation:

1-INCH PLUG POROSITY AND GRAIN DENSITY
OVERBURDEN PERMEARILITY (8000 PSI NET EFFECTIVE STRESS)

XS g eont RN O 13 R N 9473 R NS R G G R e S RS Y ) M i s oA ) T W Tt RO My S Sk e D dom e w0 TR Maay B s MY ey M B Y et e e e M S W D e G W (b B O W e U O e Rt S B T R o UL U s e S ke e S b ST B S Sk e Sl G D Yo RS M S S e SO S S e NS Mb i O e WO e A S TS S A e s

Fermeability Porosity firain '

Bample Horz Density ‘
Number (nd) Y4 (gm/ce)
1 NEGU-17 & 81.9 1.3 2.71
2 NEGU-17 B 103.8 1.1 2.70
3 NEGU-17 C 5.6 2.73
4 HEGU-17 D 2.3 2.76
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C) CALCITE ABSENT IN DEEP LEVELS OF NORMAL RESERVOIR
C) THESE MINERALS FOUND ONLY IN DEEP LEVELS OF NORMAL RESERVOIR
R.C.T. 10/88

Figure 2.

Distribution of major minerals at The Geysers.
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