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6055 Washington Boulevard 127051
Mommoth-Poacific Sure 83D ' wever i3/785139
Commerce, (R 0040

Septenber 10, 1987

Mr. Daniel 1. Lyster
Director,’

Energy Management Department
MCONO COUNTY

. P, O. Box BO60

Mammoth Lakes, California 93546

Subject: Comments on draft Mammoth-Pacific Geothermal
Development Project: Units II and IXII Environmental
Impact Report/Environmental Assessment, July 1987

Dear Mr. Lyster:

As the proponent of the above-referenced proposed
development, we hereby take this opportunity to provide additional
project information; update and clarify information contained in

The gbove-refsrenced Draft Environmenital Imzact Retort (BITURVGG
- =) e m e - e -— - - R 8 Fra—4 - ——
end provide ccrments on the DEIR ecsgsssuents znd suzgastal
mitigaticn mezzour ..

Reference - Comments

Page 2-7, Figure 2-2 Well MP 12-32 is incorrectly identified in
the figure as MP 12-52.

Page 2-23, Figure 2-7 Well MP 12-32 is incorrectly identified in_
the figure as MP 12-52.

The production pipeline extending from the
proposed site to the alternative site is not
shown on the figure; however, it would
parallel the existing plant injection
pipeline route to the MP II & III alternate
sites.

Page 3-17, Par. 4 Reference is made to our considering a
proposal to greatly improve the quality of
such data. Mammoth-Pacific is currently
nearing completion of a comprehensive program
to enhance and upgrade the geothermal
resource monitoring instrumentation of the

o joint venture: Pocific Energy Resources Incorporoted
Mammoth Binary Power Compony
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Page 3-21,

Page 3-40,

Par.

Par,

3

2

operating Mammoth~Pacific geothermal power
plant in order to provide highly accurate and
continuous reservoir data, including
capillary tubes which are being installed to
provide downhole pressure measurement with an
accuracy of + 0.1 psi. Additional
instrumentation will provide the following -
data: Prodused fluid temperature at each
well (+ 0.2 "F); Injected fluid temperature
at each well (+ 1.0 psi); and injected fluig
pressure at each well (+ 1.0 psi). All data
will be transmitted to an onsite computer for
processing. The upgraded reservoir
monitoring and data acquisition system should
be completely operational by October 1, 1987.
It is our intention to provide similar = .
instrumentation for MP-II, MP~III, and the
Long Valley Hydrological Advisory Committee
("LVHAV", formerly Long Valley Technical
Advisory Committee) monitoring well which
will greatly improve the degree of accuracy
and overzll guality of reservoir data
obtained from power plant operations at Casa
Diablo.

Silencers have been re-installed on the
expander exhausts of the operating plant,

L 3 4 - -
resulting in =& or-=zily cezsd o czll Iz
- —~ CH S . - — . — - . - -
level from th=z o =nT. L& TUrrel. moizn
- - - - - - -3 v . e = .
level recordzsd ©o 2.5 L.z Ligoezlne L=

approximately 40 dBA. The noise level
adjacent to the plant aleong Hot Springs Road
(0ld Highway 395) has been reduced from an
average of approximately 80 dBa without the
silencers to 6% dBA with silencers and other
noise reduction ecquipment installed on both
units.

A report titled Biological Assessment of
Proposed CGeothermal Energv Development in
Casa Diablo Hot Springs Area on the Owens Tui
Club (Gila bicolor snvderi) and Hot Creek
Headsprinags Refugia, August 1987, has been
subnitted for review by the U. S. Fish and
Wildlife Service in conformance with

Section 7 of the Endangered Species Act. The
submitted report can be fairly and succinctly
summarized by stating that the proposed
development will have no significant impact
on the Tui Chub.
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Page 4-27,
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Page

Page
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34,

Par.
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The assessment of hydrogen sulfide emissions
during well testing operations assumes the
well will be pumped during the short-term
(2-4 hour) well cleanout period. This
assumption is incorrect and the 2,000 gpnm
pumped well flow rate overestimates the
expected hydrogen sulfide emissions. The
proposed operations would allow the wells to
flow naturally without pumping (flow rate
estimated not to exceed 500 gpm) to on-site
tanks. This rate of flow would not result in
emissions in excess of those allowable under
GBUAPCD emission standards (2.5 kg per hour
per well), as conservatively calculated
below:

500 gpm x 3.785 1/gal x 8 mg/1 X

}:g/lo6 mg X 60 min/hr = 0.9 kg/hr

The 2,000 gpm flow rate refers to the
estimated pumped flow rate of the wells
during long-term flow testing. The long-term
flow tests would be conducted in a closed
system (page 2-29), and would, therefore, not
release any hydrogen sulfide to the
atmosphere.
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c;io;;e;s, cacrless, ... gaé. However icI
the MP II & III project, it is proposed that
an odorant would be added to the hydrocarbon

working fluid, prior to storage and use.

tates vacuum truck would collect hydrocarbon
vapor for potential reuse. Should state
vacuum trucks would be used to collect
non-vaporized hydrocarbon liquid for
potential reuse or disposal.

States relief valves and discharge valves
would be ppened to reduce the quantity of
material available for combustion. Should
state these vazlves would be closed to recuce

States a mercaptan should be added to the
isobutane as an odorizer. However, it has
been demonstrated that mercaptans are not
stable at the temperatures expected in the
geothermal heat exchanger. As such, should
state a temperature-stable odorizer, such es
tetrahydrethiophene should be maintained in
the systen.
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Page 4-19, Table 4-3 Mammoth-Pacific is actively participating in
1 the LVHAC and has attended all organizational
{ meetings, including the meeting of August s,
' 1987, at which Mammoth-Pacific agreed to
part1c1pate in the drilling of a monitoring
S well on the adjoining property. The location
i : was acceptable to all the experts present.
By being on the far edge of the established
- Casa Diablo geothermal reservoir, the
- . monitoring well will provide-yvery early
. warning of any significant changes taking
o place within the reservoir. At the same
; meeting, we supported the general area-wide
' monitoring program which was proposed by the
members. We believe that such monitoring
o will provide important baseline data which
QJ ) will help greatly in the development of an
' area-wide model of geothermal resources and
o will enable permitting agencies to quickly
gﬁ identify changes that are taking place within
a the Long Valley Caldera.

Page 4-35, Par. 2 We have worked closely with a Subcommittee of
' the Owens Valley Interagency Council
("OVIAC") and representatives of Mono County
on landscaping of the operating plant. ¥e
have always acgreed k1th and con*'- 2 t
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edged:

o A) The so0il in the area is infertile with
o low moisture holding capacity which inhibits
i rapid plant growth in the relatively short
growing season avalillable.

QJ B) There are natural open areas where
vegetation currently does not grow. These
areas are especially hard to vegetate.

= C) The project area is geothermal in

E character and there are considerable portions
} of the area where the surface or sub-surface
! ground temperature is high enough to kill
vegetation. It will not likely be possible
to establish vegetation to grow in these

! already denuded areas.

' D) Fencing can be used in some, but not all,

locations for effective screening of
pipelines because of terrain.
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Page 4-37,

Pace £-28,

Page 4-38,

Page 4-46,

Par.

Par.

Par.

1

5

2

There are a certain number of plants and
trees that will necessarily have to be
removed by reason of selection of the
proposed alternate plant site. We Propose,
wherever feasible, to transplant existing
trees to other locations including the
existing plant site so as to improve the
overall landscape. However, it should be
noted that Jeffrey pines are difficult to
transplant successfully, and it may be nmore
practical to plant seedlings.

States the pipeline from wells MP 12-32 and
MP 12A-32 should be moved approximately 50
feet north to avoid the botanically sensitive
area to the west of the proposed power plant
site. However, the pipeline route proposed
would actually follow the operating plant
pipeline along an existing access road and
would not impact the botanically sensitive
area identified in the Draft EIR/EA.

Further, moving the pipeline 50 feet north
would increase the visibility of the pipeline
along the bluff north of the existing MP
Unit I power plant.

The Draft EIR/EA sucgests the arplicant adept
oetly witigatior Lazzs T L3 oon
ceger micreticn vwhizh fre -~onovactnaiolLzed in
Zppendix C to The aocument TO be turiviel®

even under a "worst case” scenarlo.
Therefore, the mitigation measures appear
unjustifiable.

The Draft EIR/EA suggests the applicant
consider acguisition of mule deer winter
range habitat as a mitigation measure. This
appears unjustifiable because: (1) the
project does not specifically impact mule
deer winter range habitat: and (2) the
project is not expected to significantly
impact mule deer.

Based on further review, we agree with the
recommendation of others to relocate the
proposed plants about 400 feet east
(alternate power plant site) of the initially
proposed site in order to take advantage of
the screening effect which would be provided
by existing mature trees. We have also
decided to reduce the visual impact of the
existing plant by putting redwood slats in
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Page 4-52

Page 5-10,

Pa

Lo»

all of the chain link fence around the plant
as well as all existing and proposed well

" sites that would be visible from public roads

in the area.

It is suggested that the proposed plants,
MP-II and MP-III, will generate costs that
are greater than the funds that will be
received by the county and special fees
should be charged to cover costs for services
provided. On Page 3-54, Section 3.3.2.4.
County Fiscal Considerations, it is noted
that the County receives 20% of the
geothermal lease and royalty revenues from
federal lands within its borders. In the

 economic impact section (page 4-51), no

mention is made of funds the county will
receive from the geothermal wellfield located
on Federal Lease Number CA-16672 which will
supply MP-III. ' It is estimated that MP-III
would generate about $100,000 in Federal
County of Origin funds during the first full
year of operation for the County. The
adjoining PLES-I development on Federal Lease
Number CA-11667 would also generate about
$95,000 for the County in County of Origin
funds. Pnnunl propbruy tayes on the MP-IX

gnd ¥P-III ¢ 2 estimouosd w2 TI00 TOorET

piant, :11_5 cexses Lrohy HE~I =na Ll EI-I oare
- — =Y s e R e PSR, ey o

estinated at §300,030. e BUELIGI, TIEe

proposed plants at Casa Diablo would provide
over $1.3 million annually in revenue to the
Ccounty. Given these funds, the total
development at Casa Diablo could generate
approximately 10% of the County’s operating
income. Using the County labor force figure
of 5,558 as shown on page 3~52, less than 1%
of the County’s labor force (i.e., less than
56 people) would be enployed at Casa Diablo.
On this basis, it appears that the proposed
projects would be paying ten times its
proportional share based on employment.

On an income-revenue basis, these proposed
plants appear to be very advantageous to the
County.

The analysis for cumulative impacts from
fugitive emissions of hydrocarbons (see
Table 4-7) is overstated in that tweo of the
six proposed power plants (Mammoth/Chanue
Units I and II) would be located at least two
miles east of the Casa Diablo area and would
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not perceptibly influence the maximum
ground-level concentration of hydrocarbon
resulting from fugitive emissions in the Casa
Diablo area. As such, they should not be
considered in the single source, PTPLU model,
analysis.

In addition to the above comments, we have asked three
highly gqualified independent geothermal resource consultants
with direct experience in the Long Valley Caldera to review the
DEIR and Technical Appendix with regard to all matters relating
to ground water hydrology, reservoir performance, and the agreed
upon monitoring program that will be administered by the LVHAC.
The summary opinions and comments of Cascadia-Pacific, Geothermex,
and the Mesquite Group, are attached as exhibits to this letter.
211 of the experts agree that it is extremely unlikely that the
proposed development will affect the Fish Hatchery or Hot Creek, and
that the meonitoring program developed by the LVHAC will detect any
potential thermal reservoir changes well in advance of them becoming
a significant problem to either the Fish Hatchery or Hot Creek.

Thank you for the opportunity to comment on the Draft
Environmental Impact Report/Environmental Assessment for the
MP-II and MP-III Project. Please fzel free to contact our
office if we can further clarify any aspect of the proposed project.
Sincerely,

-

< . e
C//;EE:::L//ﬂﬁaA;;;:ﬁf

bonald C. Liddell

DCL:xrj
Enclosures
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Cascadia ?ac{ﬁ'c Cm'poration

GEOLOGY + GEOCHEMISTRY = ENGINEERING

3385 APOSTAL ROAD 1000 E. WALNUT. STE. .
ESCONDIDO. CA 82025 PASADENA, CA 9110(
£19-482-0969 B18-795-3214
Re: Comments in response to "Draft Joint Environmental Impact

Report and Environmental Assessment”™ for MP II and MP III
Geothermal..Development Projects with Discussion of Specific
Mitigation Measures.

Summary

1. ‘Expansion of the geothermal energy development at Casa
Diablo will require increases in flvid production and
injection equal to 2-4 times the current use.

2., _The performance of the existing producing wells at Casa
Diablo coupled with available geologic information
indicates that, the expansion of production/injection
would have no effect on the Fish Hatchery or other
features. '

3. The proposed monitoring well located to the east of the
project would provide an "early warning" of any
potential temperature or £flow disruption that could
interfere with the Fish Hatchery or other features
which would allow time for mitigating measures to be
put in place.

Tamma s
SaITass

a2 EBzowoe

]
(1)

The purpose of this discussion is threefold: (1) To review
the referenced EIR/EA and present comments on the content and
adequacy of the hydrologic and geologic portions of the report
particularly as it relates to the Impact of expanded geothermal
development at Casa Diablo on certain surface geothermal
features, (2) To evaluate and comment on the impact mitigation
measures proposed in the report, by the developer, and by the
Long Valley Bydrologic Monitoring Program (LVHAC), and (3) To
present the conclusions and recommendations of Cascadia Pacific
Corporation regarding the report and proposed mitigation
measures. The discussion is limited in scope to the information
contained in the referenced report and in documents prepared by
or for the LVHAC and does not present technical information £rom
other sources except by reference. Finally, the discussion,
comments, and conclusions presented herein are considered to
apply to PLES I as well as both MP II and MP III.

Conclusions and Comments

The sections of the referenced report which deal, in general
terms, with the hydrology, geology and related matters present a
discussion of the possible impact of expanded geothe:rmal
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development at Casa Diablo on surface and sub-surface geothermal
features in both the immediate area and at the other major
features such as the Fish Hatchery and Hot Creek that are located
3 to 5 miles from the site of the project(s). In summary the
report concludes that:

1. Expansion of the Casa Diablo development beyond the
existing geothermal production and electric power
generating facilities will require a substantial
increase in fluid withdrawals from the geothermal
reservoir({s) at Casa Diablo.

2. All produced fluid would have to be injected into sub-
surface zones that are permeable and not in
communication with the producing intervals.

3. The nature and extent of the reservoir are not yet
clearly defined and at least two geologic models can be
described and supported with existing data.

a. A Lateral Flow model which envisions direct
communication of geothermal fluid flowing from
Casa Diablo toward the Fish Batchery, Hot Creek,
and other features to the east.

b. A" Fracture Flow model which proposes that
geothermal fluid flows upward in faults and
fractures which occur throughout the study area

and that each faul:t/fracture gveien is infzrsnisnt
ci <he others 80 thaet vrezs Lz o ono Ll .eon
commuenication betweszn fermz Tienrlo LTmd o=z Tk

feature such as the Fish Batchery.

4. Reservoir analysis employing a very basic model and
several limiting assumptions and using the Lateral Flow
concept indicates that (a) the pressure drawdown
effects due to increased Casa Diablo production, which
could eventually cause reductions in flow at other
geothermal sites, can be expected to be minimal if all
produced fluid is re-injected and (b) that injection of
cooler waste water at Casa Diablo will not produce
either thermal or water guality interference at the
Fish Batchery or Hot Creek for at least 58 to 160
years, i1f ever.

5. If the Lateral Flow model is correct early warning oi
pressure/temperature reductions due to production at
Casa Diablo could be obtained by the maintenance of a
fully instrumented monitor well located to the east of,
but reasonably close to, the project area,

It is the conclusion of this firm that despite a generzlly
simplistic approach to geology and reservoir characterization and

o
u



| certain fundamental limits in the analysis, the EIR/EA Bydrology
i report presents a reasonable and generally correct assessment of
the risks posed to other geothermal features by expanded

. development. Years of study, research, and field experience on
S the Casa Diablo area lead this firm to conclude that
communication and potential detrimental effects are extremely

- unlikely and that such effects would reguire many years to become
<4 . manifest. It is further concluded that the use of a monitoring
S ‘well provides a reasonable "insurance policy" against detrimental
N ‘~communication by allowing changes in pressure and/or temperature
% caused by production and/or injection to be noted and monitored

i ‘near the project site long before features to the east would be

affected.

| Finally, it has been the long held opinion of this firm

. based on .extensive research and reservoir evaluation that there
) is no proximate connection between Casa Diablo and the major
ﬁ}" features such as the Fish Batchery, Production and injection of

- - geothermal fluids at Casa Diablo will have no effect on
”@t geothermal features located outside the project area.

s ‘

B DISCUSSION

B resolution of the <concerns regarding possible
pressure/temperature degradation at the Fish Hatchery, Hot Creek
and other sites due to geothermal production and/or injection at
= Casa Diablo depends, to a large extent, on the choice of a
i/ geologic/reservoir model for Casa Diablo. The large body of
e geologic, geophysical, and reservoir engineering analysis
- indicates that the Lateral Flow model is not correct and that the

i Fault/Fracture Flow model applies to Casa Diablo as it does to

' most geothermal systems. This model was developed by Cascadia

Pacific in 1988~81 and has been reinforced and substantiated by

'%’ : subsiquent development, well testing, and production at Casa
j Diablo.

Ly In the Fault/Fracture flow model geothermal fluid flows
fi upward from deep in the caldera through one or more near vertical
- faults which occur on or near the project site and which (may)
penetrate the surface. Over time the seismic activity along the
| faults helps to create and maintain open (permeable) fractured
- zones in the hard, brittle rocks that occur at depth in the Casa
Diablo area. These fractured zones are of limited aerial extent
and provide very little fluid storage. Wells drilled into the
fracture zones and/or faults (such as the existing MBP wells) can
produce large volumes of high temperature fluids with virtually
no pressure drawdown because they are recharged by £lunid £flow
i from very large hot fluid sources much deeper in the caldera.

_ Because of the fluid flow along faults and the limited
) extent of the fractured zone "reservoirs" there is wvirtually no
I communication between one surface site and another. The only

connection is through the deep reservoir(s) that feed the fault
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flow systems. Since total production is very small compared to
the recharged reservoir volume, any pressure/temperature effects
upon the source reservoir are insignificant and consequently are
not transmitted to other near surface features.

If this model is correct, and the production history of the
MBP wells indicate that it is, then development of Casa Dlablo
will have no adverse effect on any other feature. - - .-

If the Fault/Fracture Flow model is partially or wholly
incorrect, which is contrary to geologic evidence and well
test/production data, and the Lateral Flow model is found to
apply, the reservoir analysis presented in the report indicates
that pressure/temperature interference between Casa Diablo, the
Fish Hatchery and/or Hot Creek would require 1BP-158 years under
the worst case. Other assumptions could shorten or lengthen the
time required but the analysis reasonably supports the premise
that the project would have to run for 3-5 times the planned

- economic life before interference would occur. In any event, the

proposed monitor well is a correct and responsible means to
control the interference risk and allow sufficient warning so
that further mitigating measures can be taken to prevent adverse
interference. While any pressure/temperature degradation will
be noted first in the project wells the monitor well will signal
the expansion of ‘degradation effects beyond the project area and
will do so long before such effects could reach other features.

It is this firm's conclusion that the monitor well will be
unnecessary but is a reasonably priced "insurance policy." Of
course, no system of monitor wells or other measures will be able
to anticipate the natural degradation of flow or temperature at
the Fish Hatchery or Bot Creek.

CASCADIA PAC COBRPORATION

Presiaent
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‘ DISCUSSION AND COMMENTS
} ' The Long Valley thermal system.is of great dnterest both
I scientifically and economically, and has received increasing study by
industry and public agencies in recent years. However, the size of the
3 thermal system, its main centers of upwelling and outflow, and the
amount and direction of thermal flow in the subsurface are still
- uncertain, despite this recent intefést. The .available evidence is

ii . ambiguous, and in some cases is contradictory. There is a general
! agreement that a system of monitoring should be instituted, to help
f resolve some or all of these uncertainties.

A comprehensive basinwide monitoring program probably would
include meteorological data collection, stream gauging, and calculation
% f of a basinwide water balance, as well as measurement of temperature,

' flow rate and chemical parameters in selected thermal and cool springs,
ptus the collection of these same parameters along with pressure data

;} from geothermal and cool-water wells. Numerical simulation of the
o . hydrologic system and the geothermal aquifers would be necessary. Such
if a program might require two or three years of data collection and

analysis before comprehensive answers would becoms available.

However, much of the interest in the Long Valley thermal system
‘ ) is focused on the zres extending from Casa Diablo to the Hot Creek
Gorge. Because of this, it is possible to design a monitoring program

o that focuses directly on the issues specific to that region. One

£ ! specific question, with two conditional corollary issues, would be

- addressed by such a monitoring program: 1Is there a direct hydrological
i

i connection between the Casa Diablo thermal area and springs supplying

9g
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September 8, 1987

IR

Mr. Michael A. Clinton
Director and General Manager
- Geothermal
i Pacific Lighting Energy Systems
| 6055 East Washington Boulevard
S Commerce, CA 90040

Dear Mr. Clinton:

. COMMENTS IN RESPONSE TO THE DRAFT ENVIRONMENTAL

f IMPACT REPORTS ON MAMMOTH PACIFIC UNITS II AND III
C JAMES B. KOENIG,
. PRESIDENT, GEOTHERMEX, INC.
‘(‘ SUMMARY STATEMENT

j Numerical analysis of well-production data by Geothermfx, Inc.
g in 1986 showed no discernible presure drawdown in the thermal aquifer
supplying the Mammoth Pacific I power plant. Before any pressure or
o temperature effect would be observed at the Fish Hatchery or at Hot
Cresk Gorge pressure drawdown would be experienced at the Casa Diablo
11 wells. The znalysis of temperature-gradient and geochemical data also
performed by BeothermEx in suppcrt of the production data analysis
s suggests that the power plant czpacity can be expanded as proposed by
Mammoth Pacific. Monitoring of pressure trends is recommended,
| supported by suitable data analysis.
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) both the Fish Hatchery and the Hot Creek Gorge? As a first conditioneal
“ corollary to this question, if there is a direct hydrolegical
connection, how much withdrawal of thermal water can be sustained

N without there being noticeable effects at the Fish Hatchery and Hot
Creek Conge? As a second conditional corollary, if effects of

' production become noticeable over time at the Fish Hatchery and/or the
3 Hot Creek Gorge, what actions can be taken to mitigate such effectis
o without curtailing the commercial production of geothermal energy?

Geothermtx has performed the only numerical analysis of =&l]l
production data for wells presently supplying Mammoth Pacific power
b1ant 1. This analysis, complieted in mid-1986, showed that at the
current rate of production there is no discernable pressure drawdown in
the aquifer supplying the power plant. It appears to be possible to
! expand the capacity of the power plant significantly without causing
measurable drawdown at the Cass Dizblo site. Therefore, even if there
is direct communication between the Casz Diablo thermal aquifer and the
springs supplying the Fish Hatchery or Hot Creek Gorge, there is no
T evidence that pressure drawdown would be experienced at the Fish
Hatchery. Indeed, based on highly idealized models of the hydrologic
) system performed as part of the Draft Environmental Impacit Report on
Mammoth Pacific #II and 111 prepared for the County of Mono, it was
conciuded.that despite the relative lack of data it was unlikely that
| there would be any pressure or iemperature effect at the Fish Haztchery
) as a result of additiona] production at Casa Diablo.

With regard to temperature effects at the Fish Hatchery
5 springs, it has been postulated that a drop of &s much as 2° to 3°f
‘i might ultimately be the result if the thermal component of the spring

ﬁ% 100
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water was cut off. There has been extensive speculation regarding the
source of this thermal~water-component relative to the Casa Diablo
thermal area. However, a1thoUgﬁ'hbthing is proven regarding any
possible connection between these areas at depth, there is one important
conciusion regarding the possible temperature effects of further
development of the geothermal resource at Casa Diablo by Mammoth
Pacific: the geothermal fluid is to be reinjected into the aquifer
system from which it is withdrawn, and the temperature of injection
(160°F) is significantty higher than the temperature of the Fish
Hatchery springs (average about 55°F). . Therefore, there is unlikely to
be any marked temperature degradation of the Fish Hatchery springs

uniess there is bpoth: (a) a direct hydrologic connection between the

Fish Hatchery and Casa Diablo; and (b) a severe pressure decline over a
period of years at Casa Diablo.

As meniioned above, GecthermEx’s 1986 analysis of well-test
data and matching of well-production datez at Casa Diablo indicates that
the commercial generation of electric power can be expanded
significantly with no pressure drawdown effect at Casa Diablo. This
finding tends to obviate the question of hydrologic connection ati depih
between the two areas.

1t is recognized that there will be a need for close monitoring
of production wells and those wells to be drilled in connection with
expansion of the Casa Diabio power project, in order to identify
pressure trends with time as the project is expanded. Data from well
tests and production monitoring can be analyzed most rigorously by
numerical simuiation monitoring, in which the results of mathematicel
simulation are matched with the entire production history. This
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matching allows the reservoir engineers to forecast future well
behavior, including any pressure or temperature declines, with a degree
of confidence not attainable otherwise.

Work done in 1985 and 18986 by GebthermEx, including an analysis
MJ of temperature distributions in the subsurface, and a comprehensive
- assessment of the chemistry and isotopy of cool and thermal waters of
fiz‘ Long Valley, has suggested the following: there is a general flow of
| : thermal waters from W to £ or SW to NE in the Casa Diablo area; there
are multiple subsurface flow paths for the thermal waters; there have
been varying degrees of mixing with cool waters, along with conductive
cooling and degassing en route to surface discharge points; and the

parent source water has not yet been identified by drilling. Given this
picture, plus the results of GeothermEx’s 1986 analysis of production
data at Casa Diablo, it appears very reasonable to allow continued

! development of geothermal power at Casa Dizble.

§.~ _ Sincerely,

- jgmns B. Koen1;:E:LjdLAg(j
' : President

o -

JBK:mjm

| 102



w

[P——

Mesquite Group, Inc.

P.O. Box 1283
1346 W. Whiting Avenue
Fullerton, Colifornic 92632

(714) 738-8224
czrdins the Draft Envirconmental Inmpact Rsoort

Cemmsrnte Fs
Mammoth cific Gecthermasl Development Prodjsct:Unites 11 and JI11
. {July 1987, for the Ccounty of Mono
by ESA and Berkeley Group, Inc.)
) Summary
Pursuent to the request of Mammocth-Pacific, Mesaquite Sroug,
Inc. (Mzsquit=) has reviewad the July 1987 Draft Ernvironmental

Impact EReport ({DEIR) concerning the proposed Mammoth-Facific
Geothermal Development Project: Units II and ITI. While +there

I

somse mincor differences of cocpinion, Mesguites belisves the

overall dccumsnt to b= adequate: Additional discussicn appears

to

be warranted, however, with resp=ct to four aspects of the

Projﬁct Mesquite's comments in this regsrd may B2 summarized zs

ollc

1.

-}

ODWE @

The Tupwelling/fracture" model for the Long Valley hyvdro-
thermzl svstems better fits the known g=ology, tempsrature
end chemistry data than does the historiczlly accepted
"lzteral flow" model. AS & consegu=snoce. Mesguite belisves
that there iz nmo shallow lateral connection betwasn the Caze
Diable g=zothermsl rezserveoeir and ths hvdrothermesl syvstems at
the Hot Cresk Fish Hatchery and Hot Cresl Gorge.
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Introduction

The comments below regarding the Draft Environment Impact
Feport ({DEIR) for the Mammoth-Pacific 11 and II1 Geothermal
Proj=ct were prepared by M=squite Group, Inc. {Mesquite) in
responsse to Mammoth-Pacific's requsst. The main purpcse cf thece
comments i& to meore fully present and document Mesquite's concept
of the ‘“upwelling/fracture” model for the Long Valley hydre-
thermal systems and contrast it to the historically accepted
shallow "lateral flow" model.

It is important that the distinction between the models and
their "respective supporting data bases be understocd. The
upwelling/fracture model essentially precludes a challow connec-
tion betws=en the Casa Disblo Gecthermal System and the surface
thermal features of concern to the east {i.e., the Hot Cre=sk Fish
Hatchery warm eprings and the thermal springs in Hot Cre=k

Gorege). The lateral flow model, on the other hand, postulates
possible dinterference with these surface thermal features due to
the proposed expanded geothermal development. While Mesquite

does not belisve & shallow connection between the areas exists,
additicnal comments are also offered concerning the minimal
impacts believed likely, even if such a connection were to exist
via shallow lateral flow.

An additional area deserving of more discussion concerns the
data monitoring program and planned observaticn well asgresd to in
principle with <the Long Valley Hydrologic Advisory Committees
{LVHAC) =ubsequent to the draft EIR i=suance. Mammeoth-Pacific
{MP} supports the caldera widz2 data gathering program proposed by
the LVHAC, &5 nmuch of the current uncertainty and concern is
belijeved to ster from a lack of accurate historical data. In
addition to monstary support for the overall monitoring program,
Mammoth-Pacific has committed to an extensive upgrading of the
current data gathering system {for the existing MF 1 operation
and, most dimpeortantly, a new obszervation well located bstween
Casz Diablo and the fish hatchery.

Long Valley Hvdrothermzl Svstem Models

The hydroleogy section of the EIR discusses two models of the

[

Long Valley Hydrothermal Sy=stem. Cne of the=se, the "lzteral
flow"” model, postulates thaet hot water rises in ths wsstern
porticn of the Long Valley Caldera and flows within a confining
gguifer ezstward to lLazke Crowlsy to form one continucus therna
system. The second model, the “upwelling/fracture" modsl,
proposss  that thermal fluids rise. along opan  fractures thst
accompany the major north-northwest trending faults, with
separats thermzl systems existing within each of ths thres south-
2rn Long Valley grzbens (i.=., down-dreopped fault blocks).
lLzterzl Flow Modzl

The continuous laterzl flow model, which wag originzlly
proposed in the mid-1970's (Lachenbruch et &l, 1%76), iz bzesed
primarily on ths widespread occurrsnce in a2 numbsr of wsllis of =&
similar ghellow hizh tempasrzturs zons undsrlain by cooler

TN



temperaturss. A common thermal parent leocated in the western
portion o©f the caldera was believed to exist (Figure 1).
Recently obtained temperature data from the Shady Rest Campground
and Union 14-16 wells led Screy (1987) to propose that the parent
hot water upwells f{from the basement beneath the western moat
rhyolite to the ehallow thermal aquifers. The thermzl waters
then migrate in a western directicon towards the Unicn 14-16 well
and in a socutheast direction towards the Zhady Rest ares and  the
Cacza Diabloc Geothermal Fi=ld. While flouwing eastward, the parent

waters ‘cocl by boiling, conduction and mixing with fresh, cold
ground waters (Shevenell et al, 1987), emerging in the Hot Creaek
. Fieh Hatchsry area and at Hot Creshk Gorge. The waters conl

addltlnnallv on their continued eastward migration towards Lake
Crowley. o :

,

A genlogic cross section depicting this model is  provided

in Figure 2. It hzs been modified from Screy et zl, (1984) by
including the recently acguired thermzl data from the Union 44-16
and  EShady Rsst welle. In this mod=l., metecric waters provide

cold water recharge to the system by flowing down the ring faults
around the edge of the caldera to the deep, hot bazement rock.
The parent thermzl water (iaZOOF) then upwells from the basement
aleong a separate fault system beneath the western moat rhyvolite.

A limited portion of this water flows westward towards the Union

44-16 - well zt two different depths. Upon reaching the shallow
aguifer, defined roughly as the rocks within a2 few hundred to
1000 femt of the surface, the water migrates eastward and cools
to 400 F at Shady Rest. Between Shady Rest and Casa Diablo, the
thermal fluids pass through a majorofault and rise again approx-
imately 500 feet while cooling +50°F to a resource temperature
of +350°F. From the Casa Diablo area, th= hot water floys
eastward across two additional major faults, coeling to £ 270 F
in the fish hatchery area. As the flow continues to the east,
the water cools to approximately 200 F at Hot Creek Gorge and
160°F near Lake Crowley. Sorey (1985) suggested that a separate
thermal =system exists in the eastern porticen of the Long Valley
Caldera. Water from this separate system rises in the vicinity
of Lake Crowley and mixes with the thermzl waters o¢f the mzin
Long Valley thermal system.

Upwelling/Fracture Model

Geologiste and engineers from Mesguite began reviewing ths
large amount of detailed datz available from Casa Diablo in
early 19R5. Instead of having to relate data from wells and
springs miles apert, the seventeen wells at Caza Diablo zare
within a few hundred feet of each other, and they present a
unigue opportunity for detailed study. Initially, +the lateral
flow model was accepted by Mesguite as a basis for development
planning. However, close examination of the Cass Disblo data
revealed numercus feztures that did not fit the laterzl fliow
concept. In addition, recently released data from ths Chance
Meadow/fiszsh hstchery &rez also appears to be difficult to
reconcile with the laterzl flow model. A review of the complete
Long Vzlley charmicazl deta base further highlighted problems  with

the model.
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Cesa Diablo Dsta

The =seventeen geothermal wells and twe deep temperature
observation wells &t Casa Disblo range in depth from a few
hundred fe@t to 5265 feet. Lithologic (i.e., rock cutting! logs,
electric 1o , drilling histories, &and pressure and temperasture
EUrveys cﬁmhlnnd with geclogic mapping (Baliley, 1974) indicate
that the Ceazsa Diablo Czothermal System occurs in the eazstern part
of a large graben bounded by two major normal . faults and cut by

at lesst four interior faults. One of these interior. faults is
the active Taylor/Bryant Fault, movement of which during the 1980
earthguake caused s=ignificant ground brezkage and surface

displacement. This and similar movements in the past are believed
to have fractured th= competent rocks in the vicinity of theza
faults. The degre= of fracture concentration appears to be
highest near and betwsen cleoesely spaced faults, decreasing with
distance away from the faults. Only the hard, brittle, competent
rhyc¢lite lavas sppsar to be able to maintain open fractures.

Several g=othermal development geologic maps similar to the
Maximum Observed Temperzture Map shown in Figure 3 have been
constructed by Mesquite. All of these mapes show that the Casa
Diabkle Thermal System trends north-northwest and is bounded by
faults on both the west and east. A lcobe of ma)ximum temperature
lies along and to the =zst of the Taylor/Bryant Fault. ~“~This
maximum temperatgre lobe is open to the south, but quickly cools
to less than 200.,F in the north. The MBP-5, Endogenous #2 and
Endevgenous  #3 wells indicate that temperature dissipates rapidly

to the west of the Taylor/Bryant Fault. In the eastern p=rt of
the field, maximum temp=ratures dscress= from 228 'F to %04 °F in a
distance -of 800 f=z=t. A simple west to =2=t flow of thermal

water caznnot be accomodated with such & tempesraturs distribution.

Th= cross section of Casa Diableo (Figure 4) further illus-
trates ths complexity of the thermal svetem with depth. The nins=
wells along the secticon indicats= that the thermzl reservoir is

concentrated tas the =zt of the Tayvlor/Bryvant Fzult end
digazpp=ars rapidly to the west of ths favlt. Ezst of the main
producticon arsz, the reserveir thine to less than 100 f==t in ths
vicinity cof +the Unisn Mammoth #£1 well and then dreps 400 fest
gnd thickens n=zar wsll TWE2 Betws=n wells IWFZ and IWFL. ths
"reservoir' dropz zn additicnzl 1020 fa=t. Ezst of w=ll IWFL =:
Mzzma Mzmmoth #1., +he ressrvoir does not exist £z=zin such &
complsay  tEmperaziturs distributicon doss npot lend itself te  intsr-
pretation in te=rmes of 2 simpl= west to =zst lzter=l flow

Ths ressrvoir pressure and water chemistry in  the Czss
Diablo Ti=ld 2lso varies somewhat betwsen wells., Within ths main
croduction  =zrs=z, =stati:s preszzures may bs =2z much sz 1B psil
differsnt 2t & zgiven dztum betwesn wslls. The c-un*-_l TInseEn-
tretiorns of boron in ths thersel water = 1
mg/l, while the sodium veluss vary from =
variahls preszurs and chariczl d=tz =2re a
complex syztem. =sven within ths limited

Mzzquita now belisves thzt th= disztribution of fzult zesSo-
cizted, open frazeocturss controls the Cesae  Diablo Seocthsrmel
Resource, ag dapictad in the schematic cross s=ction (Figurs 2)
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Theee open fracturss ares concentrated along and betwesn faults
and do not occur everywhsre, as would be required in a continuocus
lateral flow model. The thermal fluids appear to rise along the
Taylor/Bryant Fault s=vystem and along the EFastern Casa Diztle
Graben bcoundary fauvlt system. Upon reaching an interval of hardg,
competent, highly silicified rhyolite rock which maintains
open fractures, the thermzl fluids migrate awey from the vpward
trangmitting faults. Between the Tayler/Brvant Fault and ar
unnamed fault immediately east, the fractures are highly concen-
trated and this constitutes the main production area. West of
the Tavlor/BPryvant fault the fractures dissipate guickly. East of
the main production rezervoir, fractures dissipate and then again
concentrate along the Eazstern Graben Boundary Fault at & greater

‘depth.

Eesgionael Data

The diszagreenents betwesn observed data in the Casa Diablo
arez and the lateral flow concept led Mesquite to revisw other
Long Velley data for consistency with the two different models.
Geclogic, geochemical, and thermal data were erxamined in detsil.
Several additicnal features were apparent that did not conform
to 2 gimple lateral flow system. TFor example:

1. tructurzl and stratigraphic interruptions in the fluid flow
paths - The Hot Creek Fish Hatchery is located within a
separate graben to the east of the Casa Diablo Graben. The
hot =prings located on Hot Creek and Little Hot Creek, along
with the Whitmore Hot Springs, occur in still a third graben
situsted on the eastern flank of the resurgent dome.
Unnamed heorsts (elevated fault blocks) are located between
these three grabens. The relativs vertical movemsnts along
the normal faults separsting these structural blocks
displac=ss and make discontinuous any horizontal stratigra-
phic units, a2s illustrated schematically on Figure &. Thus,
if & common shallow thermal aguifer were to exist, the
thermzl waters would have to rise and fall a&s they cr
thess multiple fzults, =som= of which have displzacement
exce=ding 400 fe=2t. Yet ones of the main evidences f
regicnal  zguifer cited by Sorey &t 21 (1Q@78), i= & ns
flat water table.  The detailed geologic structure of the
area indicates that any such "flat" and continuous water
table is illusionery and that a2 multiple, =egregzted thsrmal
zquifear with an indepsndent reservoir leocz=ted in esch grabaen
ig more likely. This is also consistent with the chsesrva-
tion that the thermzl features are always acssocizted with
the grabsns and never the horsts, and certainly suggests
that the shallow thermzl zones are not continuous acrose the
horsts.

o
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erveoirs in the Cacsa
tugted within rhyelit
ve wvery low natural perm
ide). 1In =zddition, the r
sa [Diablo have been highly =ilicified,
rix permeasbility to essentizlly zero.
cuttings from Casa Diable exhibit quartz
uh=sdrzl guertz crystzls, and gQuartz-cs=ment=sd b

Zw

rd =
1]
= <

O e

v

AL E (U ]
|.l

1-1 PJ.

“

P et 0 2

Ol o kD

)
mY

XM R Do
4

~ O mmuw
£

<D s
<
M
3

drillin

veing,

b I

sccia

107



Bty

zones which clearly indicate the pres=snce of open fractures.
For such fracture permzability te continue uninterrupted

e}

¥ - Y ) .
{ acroes the entire caldera, a distance cof ten miles, in a
i nearly flat horizon is inconceivable in the context of the
i caldera‘'s geolcgy. )
1 : - R
i ) . - : .
2; Az eghown on Figure 7, thermsl manifestaticnz occour

mostly  aleong the numsrcue known faults in the cslderz  and
. are not at all -continuous acreoss it. These faults and their
f zssociated fractur=s allow~ttermzsl waters to accumulate in
i shallow reservoirs. Such structural . contrel is clezrly
_ illustrated in Figure 7 where active and fosesil hot sprines
i alcng with hydrothermally altered -ground generzlly occur
l crnly in &alignment along ths faults.  the lack of thermal
featur=es betwesen the faults suge=sts that a continuous
thermal aquifer is not located throughout the caldera.

2. Thermal water chemistry inconsistencies -  Analyses of Casa

p—- Diable gecothermal waters are listed in the table below.
”} Also shown are chemical analyses of fluids from the
! Mammoth/Chance #2 geothermsl w=ll and & fresh, c¢old ground

b water (Laurel Spring). The concentraticon of individusl ions
§-§ &t Casa Diablo is generaslly higher than that in Chance #2.
I Sorey (1984) models this chemical difference as baing du= to

t dilution of Casa Diable type thermal uwater by & Laurel
; Sprinz type ground water. The averags mixing percsntage of

Czsa Dizble' type water reguired to form Chance #2 typs water
by dilution with Laurel Spring water is about 82 percent.

']
' CHEMICAL ANALYSES TAELE
_ LONZ VALLEY GEQTHERMAL AND GROUND WATER
‘ MOND COUNTY, CALIFORNIA
{Unflashed Sample=)

n

r ot ety

e
[
gﬂ Pera-
;J meter Laurel
. (mg/1) MBP-1* MBF-32* MBP-4* MEP-LZ* 25-22"* Chancs &' ESpring *
Py e e — . e —— m = —mm— e mmer e e e e e
J TDS 1582 1278 1581 138z 1553 1050 =k
- Si0Z A=Y 285 Zan 240 275 140 =14
t Ca Z.2 1.5 1.5 <) 6.1 1.4 5.2
{ Mz L1z e 1 1 <1 1 &2
! Mz 25z ZEO Zal & 0 =z 220 24
E 25 Z5 5 ¢ 2.5 20 4
HCO., 2EE 245 250 Z&0 460.,7 a0 =k
594” i0e 112 110 110 11% eg &4
. Cl 260 282 Z70 270 2z 2140 4.5
i F 11 10,2 n0.E 10.8 11.6 £.7 z
g 2 11 10,7 11 11 7.E %1 L
1i z.7 2.5 z.5 2.7 2.6 -1 Do
E
o s = P
} rarrar, =t gl, 137:Z:%
YrMezgurits, 19025
?' Hydrog=sn and oxvegen isctope ratics of meny <of ths
thzrmzl znd non-therm=l wztsre in the czldsrs zre plottsed in
Figur= & (Farrzar == =l i1esk) Cround waters plot nsar thE
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metecric water line, with fractionation causing isotopicelly
heavier precipitation to fall west of Long Valley. Isotope
values for the thermal waters plot to the right of the
metecric waterline. This relation results from water/rock
reactions &t = d temperatures  that rrefersentially
exchange rock 18 watsr 16_ ., withcut change in hydrogen
isnotope values ~f the lack of hydrogen in the rocks.
The hydrogen and veen isotepes of  Long Valley waters
reflect four groupin The heavisr isostope group contzins
Casza PDiablo samples. The second heaviest isoctope group
corresponds  to Hot Creek waters. The third heaviest group
originates from Little Hot Creek waters. The lightest group
is associated with esastern caldera hot springs. Other
investigators have indicated that if thes parent geothermal
water 1is mixed with a Laurel Spring type water, all of the
cbserved Long Valley thermal water tvpes can be produced.
This propesed mixing would occur along the straight line
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drawn in Figure 8. For example, Spring H-II, III could te
a mixture o©f Laurel Spring (LS) water and Hot Cresk water
{HC 1,2,23). Note, however, that Casa Dizblo water (MBP-3 &

MBP-1) and Little Hot Creek (LHC-F&T) do not occur on the
mixing line and cannot be generated in the proposed way.
Mesquite believes that lack of a common mixing line and the
distinct grouping indicate that separate hydrothermsal
eyetems exigt within each of these four areas and, most
significantly, that each group has its own recharge area.

As noted above, dilution can e¥plain the ionic
chemistry of the Chance #2 type water. However, s=similarly
accounting for the stable isotope values and the o
temperatures requires conflicting percentagess of di
The hydrogen and oxygen isotope values showun in Fig =]
suggest that a2 mixture of 42 parcent Czea Dizblo well water
{MBP-2 & 5) with 57 percent Laurel Spring water would bs

reguired to yield the observed stable isctope concentrse-
tions of Chance #2 water. Furthermore, the geothermal
reserveoir at Casa Diabtlo has a temperature of 350 F. At
MammathéChance, the reserveoir hzs a subsurface tempsratura
of ﬁ271"P. A mixture of 73 percegt Casa Diablo water at
250°F with 27 percent water at S47F (the temperaturs Dof
Laurel ESpring), vields the required temperature cof 2717°F

Thu=s, esimple dilution dos=s net explzin the observed chenmis-
triaes and & common shallow zquifsr model 2t Long Velley
does oot eappesr  to be  supported by th= collsctive
considerztion ¢of ths iconic chemistry., tsmpsreture and stabls
izotope valu=s. The basic similarity in the icnic chemiziry
¢f Cg=a Diablo and cother thermazl waters in ths czldsrz may
simply be repressentative of =similar recharge waters znd
resgsrveir lithology., In fact, it would be gurprising if =il
tharmal watsrs in the celdera wsre not similar given thea
pressncs: of  limited number of rock tvpsEs o and & CommTh
met=zoric rscharzs sourcs

T = complexity - Similar tempsraturs profilsz in
m thz w=lls ghowing & ghzllow thermsl —ons  unfarlsin
b temperaztur=ss hzve bsen utilized as  evidsnce of
£ guifsr Trznemitting hot wzter lzisrally from CT=z=a
D s=tward 1o Lske Crowley. Figurs 9 ghows zuil 2
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zture profils from Unien Mammoth 1, the despest well
aza Di=zsblo. R=cent closely spaced drilling in =
e Meadow areaz has revealed thzt, as &t Cacss Diablo,
nuous, lateral flow aquifer does not appear to exig<t
= =ither. The Chance #1 w=ll 1intersectes & 271"
cthermal regervoir at approximately 250 feset below  the
f An cbhzervation w=ll fM—Z} located 650 fe=t =outh
nce ¥l measvred only 120°F at 250 feet. We

£00 feet scuthesst of Chance #1 recorded only 14G°F
Feet. Whlln half way betwesn Chance #1 and Hoz
Creel - Gorge (2 ﬂ F) observatlon Well M-4 has a maximum
temperature of only 125 °F at a depth of 480 feet, A con-
tinvous l1zteral flow aguifer should have vielded similar
temperaturse at the comparabtle depths in thase wells.
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The complexity of the regicnal temperature/depth rele-

tionship within the caldera is illustrated in Figure 10. In
this w=st to eastothermal_cross section, the depth to the
100, 200 and Z00 F temperatures has been ploctt=sd in eleven
wells &and contoured. = These temperatures contours rise  and
fzll a5 the caldera is traveresed. A c¢ontinuouese, laterzl
flow would have flat or nearly horizontal temperature
contoures. The oscillating thermal contours suggest ageain

that separate thermal systems are segregated by cool areas
without active shallow thermal reservoirs.

in Summary, Mesguite believes the data discussed above best
fit an upw¢171nw/fractur= model that has several, pessgibly four,
isglated =hallow geothermzl systems situated adjacent to the
major Long Vallev fault svstems. As shown on the geclogic cross
s=ction (Figure 11), cold recharge water freoem different locations
outside the cazldera migrates downward aleng the caldera's ring
fzults inte the basem=nt. In the bas=ment, th= wster iz heats
conductively from a2 magma located beneath the western portion of
the cazldersa. The maximum tempsrature the waters obtazin is
function of their distance from the magma. Clearly, waters of
the Casa Diablc svystem ar= nearer the magma than are waters of
the Chance Mzadow/fish hatchery area and Hot Spring Gorgs
SYyStens. The heat=d waters upwell towards the surface =ziong the
mzjor fzul%ts that intersect bazgerent rock=s. These hot fluids may
then migrates short heorizontal distancss swey from  ths fauvlss
whare fractur=s in comp=t=nt rocks occur. Note that this
depiction hzs manv features in common with the zl flecw cross
s=2ction discussed initially (Figurs 2). The n differenc&
being thazt the thermzl w=ters upw=1ll in ssverzsl
rather than a =single one in the west. In the
Long Vallsy betwesn Hot Cre=k and Lake Crowley,
recognize that 2 shallow aguifer is transmitting t
laterally. In this area & thick secticn of lacust
cccure  which heas the type of porosity znd pern
zllow a regicnzl zquifer to exist.
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Berkeley Greoup, Inc., (BGl) presented =
modeling results in the DEIR which attempted
potentizl effects of Czez Dizblo gecthermel devwv
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simplistic models, the resgults are illustrative of the magnitude
of petentisl]l impacts if these areas are truly connected. Even in
the worst case, the predicted pressure changes were only
increases of a few psi (relative to +200 psil currently at the top
of the Casa Diablo reserveoiry). An increase in pressure could
thecretically increase the thermal water flow rate at the fish
hatchery or Hot Creek, but such & relatively small change is
likely that it would almost certzinly be masked by the natural
variatione kndwn to occur. BGI's separate numerical modeling of
the c¢old temperathr~cfrﬁnt movement away from the injection peint
at Casa Diablo (2160 F plant reject water) indicated that even in
the worst case, more that 100 years would be reguired fer the
sllghtest cooling to reach as far as the fish hatchery.

It £hould be further emphasized that for any =ignificant
change to propagate away from Casa Diablo, an even bigger change
must be seen in the geocthermal field itself. Thus far, after two
years of MP 1 operations, no change in pressure, temperature or
chemistry has been detected in the field. If a major change were
to occur at some point in the future, it is quite likely that
corrective adjustments in the management of the production/injec~
tion well field would be regquired before such changes propagated

very far. Economic optimization requires that the resocurce
supply the MP II and IITI plants consistently over their 20+ vyear
lifes. Significant deviations in the resource from desigh speci-

fications are undesirable and weould result in a strong economic
incentive for corrective action as =con as possible.

Monitoring

Observation Well

Mesquite does not believe that geothermal operations a2t Cacsa
Diablo will effect thermazl springs at either the Hot Creek Fish
Hatchery or Hot Creek Gorge. However, subject to receiving the
required permite, Mammoth-Pacific has committed to drilling and
monitoring an observation well located between the Casa Diablo
development &and the fish hatchery. The main purpose of this
w=2ll will be to detect changes in reservoir pressure, tempera-
ture, and/or chemistry which might indicaste propzagation of such
changes in the directicon of the surface thermal springs a2t the
fish haetchery and Hot Cresk. :

Mammoth-Pacific met with the rest of the LVHAC in e=zrly
August =and disgcussed the advantages and disadvantages of the
sites availeble to drill 2 Casa Diablo observation well. The

LVHAC recomm=nded locating the well immediztely south of the
well field at th=z 65-32 site (Figure 12). It was recognized that

this 1location, which is only 1700 feet east of the nszrest
production well and only 1400 feet south of the nearest injection
well, would verv guickly detect any changes in the Cass Disblo
Rezervoir, Suzh early werning would give Mammoth-Pacific ample
cpportunity  to modify, EE NSC2SESEaTry, the producticn/inji=zcvion
well fi=2ld opesraztieons in eorder to curtzil any potentislly
detrimentsz changss propezgsting towards the fish  hetchery. in
addition, elton Spring is located betwesn the proposed obzerva-
tien well =1te znd the fish hatch=ry. This =pring provides =20
additionzl hack-up observaticn peoint for confirming changes
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It was also clezrly recognized at the August LVHAC meeting
that changss in the Cscga Diablo reservoir detected by ressrvoir
menitering or the propesed obtserveation w=ll would mot necseszariley
m=zn thszt th=re would be an irterscticon with the f*E‘ Fetsher
and ot Cresk thermzl springe. If the upw=slling/fra-turs modsl
is corrsct, there iz no comnpecticn and nons  of th: Jemezr=d
cthang=s would be propegated beyond the grabsn bounding fault  to
the east. If significant "changes in the reservoir st Csea
Diablo continue vnarrested, a second obs=rvation well sast of th3

Casa Diablo graben, between Colton Springs and the fish hatohe
would probably be regquired. If this second well confirmed sign-

ificant changes in a "connected” thermal agquif=r, the LVHBAC would
probably recommend mzasures be undertaksen by Mammoth-Pacific to
mitigate such changes.

1h
.

At this point Mesquite has designed and documsnted the
detailed drilling, completicon, testing, and nmonitoring programs
for Observation Well 65-22 for Mammoth-Pacific. After LVHAC
concurrence, the reguired permits to drill the well will bBe
applied for. The well should be drilled and teste=d this fall,
which would &allow & full year of baseline data ccllection before
the MP II plaznt begins coperation.

As shown on Figure 12, the 65-22 well site is slightly north
of the old 295 Highway, approximately 800 fest south eof the eold
295 and 202 Highway intersection. The well will be drilled to a
maximum total depth of 1000 fee=st (Figure 13), with 2n ecoption t
stoep &t & shellower depth if, as =xpzited, &n active geothermz
ressrvolr is penetrated. After instz2lling casing a2nd wellhez
eguipment, Mammoth-Facific rplans to flow test the well an
collect samples of the thzrmal waters for chemical analvses.
Following +the fleow test, thz well will b= instrumented with =
terperature compenszat-ed guartz crystzl pressure transducer that
will <transmit the ressrveir pressurs tc 2n eutcomatic recording
computer. This instrumentation will 21ilow continuous observa-
tion of reservelr pressure with an zccuracy of +0.01 psi.

The currertly propcsed data collection program ceonsicts of
reserveir pressure mezsurements continucusly for one vyvezr befors
znd con2 vear after the stert-up of ths propossd expencsion dasvel-
cpment and then monthly tharezfter Temperature profile surveys
end flowing of ths wall for reserveir fluid chemistry samples
will b= performed immediztesly zfter drilling and th=ﬁ semni-
annually. £11 the data collected frem the observeticn well will
be assembled quarterly and =ubmitted to the LVHAC wlthln one
month followinzs thes =end of ==2ch qQuart=sr.

M=sguite belisves that the Droposed monitering program will
egfely guard the thermsl springs 2zt the fish hatchery and Hot
Crecsly from 2ny interference dus to Cepea Diablo gecthermzl devel-
opmant
Mammoth-FPacific T Imstrumentetion Upsradins

The coriginal well dstz gzthering instrumentetion for <ths

ilz2
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existing MP 1 opsraticne isg currsntly being supplemsnted  and
upgEraded. While the coriginal instrumentation was adeguats  for
meoet field manzgement purposes, the present decgire to detect very
small changes in pressure and temperature reguires enhanced
capabilities.

Th= new cresrurs mponitoring instrumsntsticn for ~he
projustion :21l= i ==z=zentially thes game 2= that dees:rits=d  for
the ¢bs=srvastion w=ll, i.=., coptinuous recording with a guers:o
crystal pregzure transducer attachsd to a downhole capillaryv tube
filled with Nitrcgen. Wellhead pressures on the injectors  wil:
be measured and recoprdsd three timss esch day uvsing & manuzl),
plug-in tvp2 prescsure transducer with an accuracy of +1.0 psi

Rates\ (producers and injectors) will likewicss b

= recorded
manually thre= times each day using a manual, plusz-in type
pressure tranzducer to mEasure the pressure differentizl across
an orifice meter (accuracy +& percsent). A plug-in type RTD will
be used =imilarly to measure wellh=szd te=mperaturscs (accuracy
21.0°F). Samples for chemical analysis will be taken from each

production well on & semi-annual basis.

This wpgrading effort zhould be completed by October
1987, in time for a full year of data before MP II and PLES I 2
started up. Evantually the entire data gathsring system, exce
for chemiczl =sampling, will be fully automated for all the Ca
Diable wells. Such a comprehensive system will provide go
quality datas f&r detection of =ven smzll changss in resour
character long hefore they become problems.

(1IN O T 1 (o S I

<?z3¢n (k. (zﬁmuﬁaaﬂ\

Don A. Campbesil"
Prezident

Mesguite CGroup, Inc.
sotember 8, 1987
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FIGURE 1

REGIONAL HYDROTHERMAL FEATURES MAP
LONG VALLEY CALDERA
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FIGURE 2
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FIGURE 3

MAXIMUM OBSERVED TEMPERATURE MAP
CASA DIABLO GEOTHERMAL FIELD
MONO COUNTY, CALIFORNIA
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FIGURE 4

CASA DIABLO CROSS SECTION
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FIGURE 6

LATERAL FLOW MODEL
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FIGURE 7

FAULTS AND THERMAL FEATURES
LONG VALLEY CALDERA, MONO COUNTY, CALIFORNIA
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FIGURE 10

THERMAL CROSS SECTION
LONG VALLEY CALDERA
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FIGURE 11

UPWELLING /FRACTURE MODEL
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FIGURE 12

LOCATION MAP

CASA DIABLO OBSERVATION WELL 65-32

.
!§ S MONO COUNTY, CALIFORNIA

* LOCATION: Approximately 2950' South and 2150' West of
the NE Corner of Section 32, Township 3 South,

| Range 28 East, M.D.B. & M.
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o WELL COMPLETION DRAWING

i CASA DIABLD OBSERVATION WELL 65-32
MONO COUNTY, CALIFORNIA
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;" l SUMMARY OF COMMENTS.AT PUBLIC HEARING BEFORE
MONO COUNTY PLANNING COMMISSION

4
2
i . . SEPTEMBER 14, 1987

! 1. Frank Stewart, speaking for Hamilton Hess, Sierra Club:
f < T See Sierra Club letter dated 9.6.87.

2. Robert Brown, California Department of Fish and Game, Bishop.
- No-Project Alternative should be pursued.
- EIR should more fully discuss economic value of hatchery to the Countv.
- EIR should fully discuss effects of past spills at Casa Diablo using CDFG
records.
- Cite experiences at the Geysers to discuss changes in aguatic fauna.
- Discuss spill containment and waste discha:ge using the Geysers as a model.
- Be more specific about proposed containment

3. Lisa Jaeger, Interested Citizen.

- If the geothermal component of water at the hatchery or Hot Creek Gorge
decreases, it should not be the County's responsibility to prove that use of the
resource for power generation has caused the loss. The burden of proof should
rest with the power plant ouners and operators to prove that the power plants
are not responsible.

- Mammoth~Paéific should post bond to cover abandonment or any damage to
aquatic resources.

! 1 - EIR should discuss economic loss due to degradation of visual resources.
- EIR should give cost to administer and monitor geothermal projects.
- A comprehensive cumulative analysis is needed.

; l 4., Dan Dawson, Mono County Planning Commissioner.

- EIR should include summary of unmitigable significant impacts. He listed
, visual, hydrothermal resource, and industrialization of Long Valley in that
: J ’ category.
- Put all fluid transmission lines below grade.

- Put all power lines underground.
. - Alternatives are not well developed. Should discuss other alternatives and
. J alternative mitigation measures.

- Discuss mirigation measures used at the Geysers.

- EIR should discuss industrialization of Long Vallev.

l 5. Bob Kimball, Mono County Planning Commissioner.
- Put pipelines below grade in ditches.
| - Burden of proof for damage should not rest on the County.

6. Sydney Quinn, Mono County Planning Commissioner.
) - How many visitor davs occur at Hot Creek?
| - There should be much more economic detail, especially about the direct cosis
‘ and benefits ot the County.
- There should be a definitive discussion of the hvdrology.
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Long Valley Fire Protection District
Ri1, P. O. Box 1145 » Crowley Lake, CA 93546

|
i ‘ Date: September 14, 1087 e

“y To: Mono County Planning Department
i
I From:  George Lucas, Chief

} RE: Fire Protection Reguirements for Cz2othermal Facilities
Producing Electrical Powver

71 The Long Valley Fire Protectjon District is governed by the 1952

Uniform Fire Code, other nationally recognized standards and
¢ertain County and District guidelines. Due to the geographic

o areas that are being considered for geothermal uvse and the spec-

'} ific hazards encountered with this type of facility, the Long

Valley Fire Protection District is in the process of setting

specific guidelines for geothermal facilities within its dis-

trict.

At this time, specific requirements include:

{‘f A. hccess/egress to all areas of a facility
L B. Access/egreee shall be an all-weather driving surface
@' cazpable of supporting the imposed loads of fire apperatus

o . C. Access/egress shall be kept clear at all times, i.e. snow

D. Quantities and locations of water supplies, pump stations,
. hydrants and fire suppression appliances shall be deter-
O mined by this Department and the design engineer cof spec-
B ifie facilities

: I E. Automatic safety shut-downs, alarm svstems and back-uun
svsiems

- ¥, Facilities shzll provide the Long Valley and Mammarh
. l.akes Fire Departments with pre-emergency plans and jpor-
‘ ivdic "walk-throughs" of the facility as required

The long Valiev and Mammoth Lavres Fire Depariments =73
? he noutified of any dimpairment to any phase of {ire vro-

tection or passible hazards, immedialely

o k. Mitipation fers, as applicable. =shall be impnseg
' {See attached)

i l42



i MP II & III Draft EIR/EA September 22, 1987
| Responses to Comments ~

Attachment I

j . . .
Comment-2 (Page 1, I .ragraph 2): Discussion is needed feor
. assumning complete hydraulic communication between the

injecticn &d preoduction zones because the effects of
injecticn dominate the simulated reserveir performance
calculations. The GeothermEx report (1986) states that

;, pressure recharge of the production interval is unlikely

| ' because the injection and production zones are separated by
impermeable rhyclite.

; Response-2: While it is true that the injection zones at

Casa Diablo are separated from the production zone by 500 to

. 700 feet of impermeable rhyolite, this interval is

?d transected by numerous faults which are believed to readily
conduct fluid vertically between zones in response to

pressure gradients.

Comment-3 {Page 1, Paragraph 2 last sentence): The model
results show pressure rises east of Casa Diablo - what
effects would that have on spring flows?

—]

Response-3: Theoretically, pressure increases to the east

- should increase thermal spring flows. However, the pressure

{ increases as modelled are small and the degree of spring
response is unknown, but likely to be negligible.

Comment-4 (Page 1, Paragraph 3): Calculations of the rate
w of propagation of a cold temperature front suggest that the
front could reach the vicinity of the nearest production
well (about 650 feet) at Casa Diablo in less than 10 years.

Response-4: In addition to the 650-foot radial advance

. modelled, rezlity would reguire injected fluids to also rise

1 500 to 700 feet through mostly hot rock. Furthermore,

wi density effects (not modelled). wouldé preobably result in the

injected water initially flowing downward along the faults

until sufficiently heated by conductive heat transfer from

% the rock and mixing to rise along with other upwelling hot
water. Even if breazkthrouch of cold injected water does

; occur, such events are commonly handled in oil field .

i waterflooding by approprizte adjustments in injection and/or
production patterns, and should not be a threat to project

-
longevity,
¥

i Y
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All geothermal farcilitiex shall be analyyed on a cdas-by-caap
basis and Tinzl determinatian shall be the reselt of revicws
and agreements of District r¢quiremeonts between facality
owner/operator, design encineors, Aty other agenrcies jnve beog
anid the Lang Valley Tive Jigte-tinn Dristricot, '

Note; Tor review, reler toe Mammoth/Chance Scocihermal Booels
npment Project, sectinn on Fire Protcction, Tuly Its?

cc: Dan Lyster

Long Valley Fire Protection District files



Long Valley Fire Protection District
Ri.1. P. 0. Box 1145 » Crowley Lake, CA 93546

AMENDMENT TO RESOLUTI0X KO, B2-1]

ﬂ Page 2, Ttem ¥o. 2
Paragraph 3: The inclusion of Geothermal Facilities producing eleriLric praven
i vithin the Long Vallevy Tire Protcection District does rerieson
, .a distincl, significant impact to the Districl.
.

4, GCeothermal Facilities are cssentially construcled of nen-
combustible materials,

. B. Impacts to the District are directly related to the storape
Tl and use of secondary working fluids, such as isc-hutanc
- and iso-pentane. Other impacts would include high remper—
ature, primary fluids and hydrogen sulfide.

Therefore the assessment of Geothermal Facilities based nn
square footage is not applicable. To correlate this tipe of
assessment, the British Therme] Unit, or B.T.l. chall he pued,

Example: Tso-pentane

-} ) . - .
‘ Fire of the averagpe structure produces approximotely 3,000
B.T.U.'s per sguare foot per minute.

- . *
{ Iso-pentane produces approximately 21,000 B.T.U.'s »er pound
o with a weight of 5.17 pounds per pzllon, or approxisately
108,000 B.T.U.'s per gallon, ur 30 square feet of averacoe
? P g I
i . structure fire.
o
< In correlaring, 3% square feet x .30 = 517,80 would be Lhe
- approximate base rate for oae gallun of iso-pentance.
i
s
;.. .‘ .
;J Credit for.Reduction to Basc Rate:
4. Reducrtion up to 50% Upon review of location, popnla i,
‘ local hazards, and acces:
#. Bedustion up Lo 200 Auromatic shut-down, satoin -
- ' hir boup westeve, mlarm sueioms
j L Rede tion np 10 0097 Tianinnan Tren RpDMTe D e Lt s
Coanpteres e e
-
l Sulkpie vl lv: Rt itule sy T N
Pute wenit b PIULT per ocalion ot e
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AMIRIBERT TO:

L RESOLUTION NU. _ 82~}
i \
& BESOLUTION OF THE LUKG VALLLY FIKE PROTECTION
PISTRICT DECLARING EXISTING FACTLITIES FOR

l - - FIRE PROTECTION INADCQUATE TO PROVECT ADDITIONAL
to STRITTUERS WIFROU T RETIGATIOR
} z .
. Subjoct:  Guothermal Pacilitics
) t WHEREAS, the incluslon of Gébthcrma] Factlitiex produring clectirie

power within the Long Volley Fire Protection District docs represent o dis-
. i tincl, signilicant impoct tu the District; ol

JWHEREAS, Geothermal Facilities are essentially constructed of non-

combustible muterials; ond
i WHLREAS, dmpaces Lo the District snre directly related to the storape

and use of secondary working [Juids, such ns iso-butane and ise-pentune, orher

ey

. impacts would include hiph tempervtures, primsry (luids and hydropen selfide.
THEREFORE, the nssessment of Geothermal Fuciliries based on square
iy .
: ) footapy is nut applicuble, To correfme tids cype of assessment, the (ritish

Thermal Unit, or B.T.U. shall be uvsed,

Example: Iso-pentune

i, Fire of the nverage structure produccd approxinately 3,000 BT U s
g ! per square fovl per minute,
‘ 2, lso-pentene produces approximotely 21,000 B.T.U.'s per pound, with
§ i 8 weight of 5.17 pounds per gallon, or approximetely 108,000 B.1...'s
: per gallon, or 36 sguare fect of averupge structure [ire.
223 3. In cnrrela:ing,‘36 square feet x 30 = $10.80, would be the spproxi-
Qgi mate bese rate for one gallen ol iso-pentane,
o Credit for Reduction te lase Rate:
|
LJ A, Reduction up tv 50% Upon review of Joratios, populution, luén] IRV
[ ards amd aceess
: 1 B. Reduction up Lo 205 Automadic HI:ui-:IL‘wns. unlely sysl.wu..\' IJ.'IL'k.-LI!J
. systems, alarm systoms
f} C. Reduction up o MIZ Stationary Tire suppression u|:plinm'-os, sufely
, featyres, elg,
T .
. ‘ Example only:
Fith the highest X of items A, B, snd G, nn nssessed rate would he $2.27
x

per pallon isc-pentune.

} RECEIVED
. . 1SEP1 5 @87
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This Beard hereby reguests thot the Boord of'Supervisors of the
County of Hone wndopt ar awemdment Lo existing Urdinance or Resolotion dis-
spproving eny Lentative trmct map, parce) map, ronditional use permit, or
plenned unit development providing for new geothermal fucilities within the
boundaries of the District unless its developers have agreed in writing to o
means by which the impact ceused hy Lhe project will be pdequately mitigoted.
This Bonard also requests Lhot any permit for development, omd
uny use or building permitys for geothermal Locilities, upproved -by the County,
be conditivned to reguire such mitigntion,
The Clerk of the Bourd of the Long Valiey Fire Protectlor District
is directed to transmit a copy of this resolutien forthwith to the Board of
Supervisors of the County of Huno, and’ro both the Mono County Planning

Department and the Muno County Building Department.

ADGPTEL by the Long Yalley Fire Provectlon District of rhe County

of Mono, Stute of Californin, this doy ol . 4987,

Clial RMAN,
Buard of Commissioners
Long Volley Fire Protectlon District
ATTLEST:

~ecretury, Buerd ol Conmissioners
Long Valley Fire Protectiun DisLrice

R RN RE B DS C DD CEL S DN KD EEE R R ER S OB

I, Secretary of the Board of Comwissioners of

L
the Long Valley Fire Protection District, do hereby certity that the loreguing

resolution wes regularly introduced and pdopted at & regulor meeting of said

Board, duly celled and held on tle —_ day of ¢ 1967, and wes

duly passed and adopted by the following vore, to wit: LE? ?
AYES:
KDES:
AESERT

Becretary
Bonrd of Comnssioners
EDng Valley Fire Protertion Disgricd
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