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Thermal Prescription

Subject: Thermal Prescription
s Date: Thu, 24 Feb 2000 14:16:02 -0700
W 7 From: "denis | norton" <denis@ruralnetwork.net>
k : "Jeff Hulen" <jhulen@egi.utah.edu>

Thermal Prescription 007:

Prescription for computing the amount of fluid that
must be converted to vapor in order to cool a X y 2
block of rock....

1) -the heat in the rock block is mostly in the
minerals, small amount in pore fluid, but we
ignore that in the following calculation.

2) ‘heat in rock, Qrx = (Volume of Rock)*(density of rock) *(heat capacity
rock)*
(Tinitial - Tfinal)
or Qrx = Vrx * Drx * Cprx (Ti - Tf)

eg. 50m cube Vrx = 1.25 105 m3 = 1.25 10711 cm"3

1l

Drx 2.7g/cm*3  ; Cprx = 0.26 cal/gC

Ti -Tf = 250-235 = 15C
therefore Qrx: = 1.32 10712 cal.

3) heat of vaporization-at 100C 1lbar 540 cal/g )

“note that at any given pressure/temperature the heat-of vaporization

can be scaled from LV dome plot in P-H space by picking at the respective
-pressure or temperature the H value for liquid and vapor the difference
between them is Hvap, eg at 200bars Hv = 580cal/g, H1 = 450 cal/g.

Hvap = 580-450 = 130 cal/g N

The value you use needs to be consistent with the depth/pressure. because
there is a substantial variation in this phase change heat as one moves
along the LV surface toward crit point.

4)Heat required by vaporization of fluid in pores.

Qvap = mass- fluid * Hv;
eg. for a 2 percent porosity in the matrix block filled with liquid
at
a density of 1g/cm3. the total mass in a 50-50-50 block
is:
Mass (fluid) = .02 * 1 g/cm3 * 1.25 10”11 cm”3
M(f) = 2.5 1079 g
Qvap = M(f) Hv = 2.5 10”9 g * 540 cal/g =1.35 10712 cal
3)
Because Qrx = 1.32 10712 cal. and
gva = 1.35 10712 cal
‘ the vaporization exactly accounts for cooling the rock
: by 15C.....

Caveats: note I used values at 100C and 1 bar for Hv, because

1of2 2/24/00 2:38 PM




calculations using Rx

1of2

Subject: calculations using Rx
Date: Fri, 25 Feb 2000 09:13:20 -0700
=4 Trom: Jeff Hulen <jhulen@egi.utah.edu>
To: denis@ruralnetwork.net

Denis —-

I shouldn't be spending time on this, but I'm really curious. Did some
calcs to test the concepts. Results for 100 m"3 block cooling from
hydrodynamic boiling point temperature, 298C, to vapor-dominated system
temperature of 243cC:

1ea12bice x 1207 g/cc * 0:26 ‘cal/gC * 55¢ = .3.86 * 10713 cal (heat
lost)

Heat required to boil off liquid in same rock block with 2% effective
porosity (Qvap at 298C = 341 cal/g)

107212cc * 1 g/cc * 0.02 * 341 cal/g = 6.82 * 10712 cal (heat
required)

Additional water required to boil to drop rock temperature from 298C to
243cC:

3. 86 EA1OLIIBN/EI6E82% A 10812 = 5.9X

T

5.9 X 0.02 = .118

'

.118 — 0.02 % 0.098

In other words, porosity would have to be increased nearly an additional
10% of the total rock volume, or:

S
The pore water at the initially assumed 2% porosity would have to be
replenished and boil nearly six times ovei.

At the SB-15-D site, which the above is mgant to proxy, it seems like
temperatures stayed pretty hot-- nearly isothermal at about 320C --
prior to the inferred onset of vapor-dominated conditions. This to me
would seem to indicate that simple conductive cooling of the rocks from
their thermal maximum here can't be invoked to help explain the large
amount of heat loss required in going to the vapor-dominated state (in
other words, the temperature probably hadn't conductively cooled to
nearer the 243C final temperature before a vapor-dominated system began
to develop). Another point -- The liquid- to vapor-dominated transition
is believed to require very little recharge, so it seems a stretch to
recharge and reboil waters in the hypothetical reservoir block six times
over, as effective porosity in the block is surely nowhere near 12%
(probably, in fact, <2%).

Another observation -- Pruess' 1985 VD model matrix permeability is
given as 3 X 10"-18 m*2. This is your threshold for convection, so how

can he call upon fluid migration within the block as a means to
redistribute heat?

I know this is overly simplistic, but it was fun to think about it.
Thanks for the tools.

Jeff

2/25/00 1:58 PM
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whih  ans ket [ circled humbers),

Cobb Mountain Sequence

DCV- 1.08
DC - 1.06
RA -1.11, 1.15

Al (Mﬁbs‘eok e SE é&mk 3 Cobb M*’/“‘-)

ANDESITE OF FORD FLAT

40: AFF- fn. gr. andesite of Ford Flat
5% cpx, 3% plag, <1% ol phenocrysts in groundmass of plag and glass (partially altered).

nd 40-2: AFF- fn. gr. andesitic basalt? similar to BK unit at Konocti.

RHYOLITE OF ALDER CREEK

41: RA- rhyolite of Alder Creek collected on east side of Cobb Mt. near Whispering

Pines\substitute for Fraser's chem sample F92-33. ‘/" &

RO le F‘“—hﬁ"‘

41-2, 41-3,(41-4) quended eE ““&ﬁ‘g PP mnity
y due 12 ~

y i
san, plag, qtz, bio, cpx, opx, hb, op; 1-5% gmi groundmass of hb, plag, op and glass.

CL61- RA- glassy rhyolite with san, plag, gtz, bio, pyx, and ilm? phenocrysts, not much
evidence of mafic input in this sample.

""""""""""""" be— a SePa.ra.'t(, PL\yoll*'Qa oYy r"\YOAa'L",’b [‘&V&

42: RA?- rhyolite of Alder Creek — "Mny mapped as such
plag, san, qtz, bio, cpx, opx, cpx, op; 1-10% gmi groundmass of plag, opx?, and glass;
phenocrystfanglag, opX, and cpx and xenocrysts of sodic plag and qtz.

Ins

l qz-3 ’ gmi

DACITE OF COBB MOUNTAIN

83: DC- dacite of Cobb Mountain from near Unocal drill site near the summit of Cobb
Mountain. Substituted for Fraser's chem sample F92-34. L

83A: DC- host dacite
sodic plag, san, qtz, bio, hb, opx, cpx, op; 1-15% gmi groundmass of plag, opx, op, and
glass, phenocrysts of cpx and opx, and xenocrysts of plag, qtz, and san (rapakivi).

The silicic endmember consists of sodic plag, sanidine, bio, quartz, Fe-rich opx and cpx,
and ilm? Hornblende occurs as groundmass grains. The mafic endmember consists of

calcic plag, and Mg-rich opx and cpx.



83B1: DC- quenched inclusion and adjacent dacite host.

Dacite host has resorbed but unmantled qtz, sodic plag with very thin fritted margins, and
bio partially rimmed by opaques.

Quenched inclusion contains 3 sodic plag with fine-fritted rims and 1 quartz with incipient
augite corona.

83B2: DC- quenched inclusion and adjacent dacite host.

Q'} Dacite host has resorbed but unmantled qtz, sodic plag with very thin fritted margins, and
\h ) bio partially rimmed by opaques.
0“ " Quenched inclusion contains two sanidine grains, one with fine-fritted rim (plag
Ug(sbs overgrowth?), the other (bigger) with a partial coarse-grained mantle of plag and fine-
fritted texture on both the sanidine and the plag mantle. A sodic plag grain has a thick
fine-fritted margin.
3C: DC- dacite host with two small quenched inclusions that are relatively cr. gr. and
lack silicic endmember crystals
3D: DC- interlayered dacite host and quenched inclusion-like bands
84: DC- dacite of Cobb Mountain
san, plag, qtz, bio, cpx, opx, op; 1-15% gmi groundmass of plag, opx, op, and glass,
phenocrysts of cpx and opx, and xenocrysts of plag, qtz, and Fe-rich pyx-bio clots.
SgL}—] ) GU-3|— host + large gmi
223: DC- cal Cobb dacite with plag, san (fn.gr. rapakivi), quartz, bio, and pyroxene.
X DACITE OF COBB VALLEY
7
6‘5\“;‘\(’( 70: DCV- Dacite of Cobb Valley
0 plag, opx, cpx, op, with minor gtz and san
(s

N H75-9B: DCV- Very clean sample of pyroxene dacite
_plag, opx, cpx, op- much more mafic than DC.

samples

AFF: SCL40
RA: CL61, SCL39, SCL41, SCL42?, SCL167
[3C: CL223, SCL83, SCL84, SCL44?, SCL168
DCV: H75-9b, SCL70  F4|-17
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Unocal Corporation
Geothermal & Power Operations
1300 North Dutton Avenue
Santa Rosa, California 95401
Telephone (707) 521-7600
Facsimile (707) 521-7604
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THE
GEYSERS:
PLUTONIC AR 3p
ROCKS C oU
0
3 SP?
D P 0
8P
*e
g‘ﬁ 4w
"
F
THE GSA
GEYSERS: 4 3
VEIN |
ADULARIA H B oo
330°C 320°C 290°C 23C|°C
1.5 ) 1.0 0.5 0
Apparent age (Ma) # Whole-tock | All others
v Biotite K-feldspar
- PATTERNS AND LETTER DESIGNATIONS SAME AS FOR FIGURE 5. sx 400394 P =Plateau ages
Total-gas
& K-Ar

Figure 6. “°Ar/*Ar minimum ages for The Geysers plutonic and volcanic rocks and vein
adularia. Note remarkable match for dacite of Cobb Mountain (whole-rock K-Ar) and
Geysers granodiorite (biotite “’Ar/*Ar incremental-heating plateau). Arrows in lower
right corner depict thermal history of adularia according to model 2 (Fig. 7). Ages
include estimate errors.
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CLEAR

RP
6,10 |7 |
Chks i
VOL-
CANICSLY The Geysers
i
l‘————Cobb Mountain

biotite2,9 A 810¢ 8,10%
b I
sanidine2.9
THE
GEYSERS:
PLUTONIC
ROCKS
THE
GEYSERS:
VEIN
ADULARIA
3.0 le ch 15 1.0 0.5 0
scale change
Apparent age (Ma)
Explanation
Volcanic rocks Plutonic rocks /Donnelly-Nofan et al., 1981 A. Calpine CA-958-6
. op ) 2/Schriener and Suemnicht, 1981 B. Unocal GDC-21
. ) Undivided Granite porphyry 3/Dalrymple, 1992 C. Unocal LF-48
@ Rhyolite kP @ Rhyolite porphyry GR Granite 4/Pulka, 1991 D. Unocal DV-2
. MG, . . . 5/McLaughlin et al., 1983 E. Santa Fe CA-5636-23H-22
Dacite @ g'(l)lrcr}(:gtr;mte @ Granodiorite 6/Turrin, et al., 1994 F. Calpine - “P2”
Andesite P + Biotite 7/Obradovich and Izett, 1992 G. Unocal DV-1(2)
% Basalt 8/Heizler, NMGRL, 1997 this paper H. Unocal SB-15-D
* K-feldspar, core 9/K-Ar (Geysers Coring Project)

40Ar/39Ar - i
£ K-feldspar cutting 10/4YAr/°7 Ar : Total fusion

Figure 5. Summary of published and new K-Ar and 40Ar/39Ar total gas age dates for
1gneous rocks and vein adularia from The Geysers and the Clear Lake volcanic field.
Ages include estimated errors.
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QUATERNARY 122°45°
Pleistocene
Pliocens
J TERTIARY

N
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Lowsr INDEX TO
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Figure 2. Generalized geologic map of the Geysers area, emphasizing the nre-Tertiarv rocks.
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FIGURE 6.—Structural model of the Geysers geothermal System. Modified after McLaughlin (1977b).
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FRACTURING IN THE NORTIIWEST GEVSERS;
SONOMA COUNTY, CALIFORNIA

Dennis L. Nielson {1}
Mark A. Walters (2)
Jeftrey 8. Hulen (1)

(1) University of Utah Research Institute, 391-C Chipeta Way, Salt Lake City, Ut 4108
(2) Cotdwater Creek Opcrator Corporation, 1400 N. Dution Ave... Ste 23, Sants Ruse, CA 95401

ABSTRACT

i ing in the nonth Geysers is di din
tenns of both geologic mapping and measurements of
fracture trends in oriented core. Faults of importance o the
geothermal system include thruss faults {oliowed in time by
noaheast trending faults with appareat right fateral offset and
then northwest treading faults with appareat normal
isp A of fracture onentations in core
shaw trends pespendicular 10 the least principal stress as well

s . 1 fled by Tithok .

a pp >3 ic varizbles.
Fracturing in The Gcaus is complex, and different areas of
the steam ficld may be dominated by fractures of differcat
origins, and orientations.

INTRODUCTION

N\,
k]
>

i
L5 4

\A
¢\

“The nature, distribution, and orientation of fractures
‘in The Geysers vapor-dominaied geothermal field are of
obvious imp in exploration and illing.
reservoir modeling, and planning fuid injection stratcgics
for enhanced steam production. Mclaughlin (1981) and
Nielson and Brown (1990) bricfly summarized previous
fracture studies at The Geysers in the context of prior and
and modem stress regimes.
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The Geysers is located in a region of active strike- -
slip faulting often associsted with the San Andreas fault v Bavar
zone. Within this region, the greatest horizontal principal D g
stress is oriented about NIOE, and the least horizontal
principal siress about NSOW. The corresponding
1 diate principal swress is ap i equat
magnitisde to the greatest horizontal prncipal stress and hasa
vertical orientation (Oppenheimer, 1986). Oppenhei
further demonstrated that this siress system has been
responsible for historical scismic activily in The Geysers
geathermal system.

Mogse nup of the Norhurst Geysers

Fagure 1. Generalized

ceothermat wells Ta of these cores, from the ficld's
relaively impeanicsble caprock in wells Praw S and Prat
State 28 (Fig. 1), arc onented  The third, but unoncated
core was retrieved from the upper portion of the productive
stean reservoir in welt Prati State 12, Dewnled descriprions
of the Prati 5 and Pran Siate 12 cotes can be found in 2
companion paper (Hulen ¢t al . tha valamch

Beatl and Box (1989), McNau et al. (1989}, and
Thompson and Gunderson (1989) cancur thar major steam-
producing fractures in meugraywacke host rocks &t The
Geysers are of random oricalation with many being
subhorizontal to horizontal. Niclsoa and Brown (1991

OLOGIC MATPING

Figure 1 15 3 simplificd geologic nisp of the

proposed that the flat fracteres formed by colfapse when
underlying felsic magma withdrew. These same authors
also invoked a stuctural-arch model 10 account for the fact

Northwest Geysers arca, ahntracied from detaded drapping
completed by one of us (Waltervs betwedn 19NS and 12K
cach of the faulis and contacts showr on the map was

that shatlow-dipping fracturcs remained open in spite of the

weight of the overlying rock columa. carefully ficld-traced. The nup’s interIctve 3spects, ek

2% (ault offscts, are based on ficld relationships combined,
with subnurface data frons geothenmal wells

Within the Iccal structural framework of he
Northwest Geysers steam  ficld (Fig. 1), this paper
discusses the natuce and oricntation of fractures and their
mineralized analogues (veintets) in dsill cores from three

Faults of several ages and styles ate exposed in the
Gaoysees The oldest are hacal ahears withn
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re 4. Cross sections through The Geysers field showing the distribution of 8180 values in per mil with respect
> top of the steam reservoir and the felsite. All values were contoured in this figure. See Figure 3 for cross sec-
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Slides 11 and 12 (substitute--illustrations corresponding to the actual slides are not available).
Generalized map and cross sections illustrating close correlation of The Geysers geothermal system
and a deeply concealed, Plio-Pleistocene, felsic intrusive complex (the "felsite"; Schriener and
Suemnicht, 1981). Data from Unocal et al., 1989. In the Northwest Geysers, where our
lithologic, structural, and alteration research have been concentrated since 1990, the outer limits of
the present-day steam field closely correspond with the boundaries of a high-temperature alteration
halo developed under liquid-dominant conditions around and above the felsite immediately prior to
evolution of the current steam field. ‘
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