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| SECTION 1
INTRODUCTION

1 STATEMENT OF OBJECTIVES

111 Overall ObJectxves o

The overall objective of tlns study is to determme the engineering, eco-
nomic and environmental feasibility of the utilization of low and moderate temperature

- geothermal heat from en area designated as valusble prospectively for geothermal

resources in the mining and processing of tungsten ore at the Union Carbide - Metals
Division facthty near Bishop, California. A secondary objective is the development of
engineering techniques in the direct use apphcatlon of geothermal energy in anticipa-

-tion that these techmques could be. translated to other geothermal resource areas and
apphcatlons. i :

1.1.2 -Specxflc Objectlves 3 = 'i" Al ~': Pl

- ‘-_,The specxfrc objectlves of thls study are as follows' -

. : a) B
b)
o

e

Prepare a prehminary geophysmal evaluation of the ' geothermal
.~ resource within transportable range of the Union Carbide - Metals
" * Division tungsten mmmg and processmg complex at Pine Creek.

.- Develop & specxﬁc plan for early resource conﬁrmatxon ineluding a
- discussion of exploratxon techmques, reservou' parameters and well
drﬂhng and testmg

_'Conduct an engmeering evaluatxon of the Pine Creek tungsten com- .
.’ plex to identify those processes and systems which could directly
T utlhze geothermal heat as a substltute for fossxl fuel.

L “Conduct heat balance studxes of the entire mlll and mine to estab-

" lish the technical feasiblhty of substituting geothermal heat for

' - those mineral processing fU.l’ICthﬂS identlﬁed as compatlble with the
= geothermalresource. ST R N R ‘

‘ ~Determme the heat transfer methods for convertmg geothermal '
. heat to process heat for those mineral- processmg t‘unctlons 1dent1—

 fiedas compatible with the geothermal resource. = -

L
- “tion) and operating costs for each alternative heat transfer approach,= '
“ eonsidered to be techmcally feasxble. S v :

‘Prepare cost estunates in- terms of plant modlficatlon (capltahza-

_'fDetermine the speclflc benefits of geothermal heat utlhzatlon in -
. terms of reduced fossil fuel and electriclty eonsumptlon and gsso” - .
S c1ated reduced enel'gY costs." S : :



h) Determine feasible approaches for transporting geothermel heat to
the Pine Creek tungsten complex.

i) Determine the costs of trensportmg geothermal heat to the Pine
Creek tungsten complex based on the selected heat delivery
approaches. , , _ .

j) Develop a conceptuel design of a geothermal energy system that

could supply process steam to the Pine Creek tungsten operation and
if appropriate, concurrent generation of electrical power for plant
use, utihzmg paramefers implied by the potential resource.

k) Provide an economlc analyms of such a conceptual design comparing
present and future conventional fuel costs, reduced fossil fuel and
-electricity costs, costs of mill modifications, and comparison of
other unconventional alternatives, such as low-head hydro.

1) Provide an analysis of environmental and mstltutlonal factors
related to such a geothermal apphcatlon. , _

m) Provide & final report which addresses the feasibility of utxhzmg
geothermal energy at the Pine Creek tungsten complex. If it is
determined to be technically, economicelly and environmentally
feasible to utilize geothermal heat, provide a specific plan of pilot
experiments and/or detailed engineering requirements to accomplish
this objective.

1.2 SCOPE OF SECOND QUARTERLY REPORT

This second quarterly report contains the completed geochemical analysis of
groundwater in the Pine Creek area for evaluation of the geothermal potential of this
location. Also included is an environmental constraints analysis of Pine Creek noting
any potential environmental problems if a geothermal system was developed onsite.
Design of a geothermal system is discussed for site-specific applications and is dis-
cussed in detail with eqmpment recommendations and material specifications. A pre-
liminary financial, economie, and institutional assessment of geothermal system located
totally on Union Carbide property at Pine Creek is included in this report.

1.3 CONCLUSIONS AND RECOMMEN DATIONS

- Initial economic and technical evaluation indicates that geothermal resource
development on the project site may not be possible. The initial geochemical anelysis
-concludes that in order to obtain fluid within the specified temperature range for space
heating, the production wells would need to be drilled to a depth of 5.7 kilometers.

Drilling to this depth for low temperature fluid is considered to be a high risk, low"

return project and is not recommended. A specifie plan for resource confu-mation at
the project 51te is presented in Appendix B.

Smce initial geochemical analysis indicates a geothermal reservoir with a sig-
' mficant energy potential may not exist beneath the Pine Creek tungsten complex, other

r— ¢ ¢ — - ¢~ r— 5 - (- -

i
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alternative energy ‘sourees are bemg exammed. The Mono-Long Valley KGRA is
approximately 30 miles from the project site and successful wells have been drilled in
this area. Analysis for transporting fluid from this geothermal resource will be com-
pleted in the final project report. An initial discussion of transporting fluid from the

~ Mono-Long Valley KGRA is presented in this report. The potential for utilization of hot
. dry rock energy. extraction techniques will also be exammed as an alternatwe to the

alternate site. concept.

14 BACKGROUND' UNION CARBIDE CORPORATION - METALS DIVISION,
T BISHOP CALIFORNIA OPERATIONS ,

| “1.4.1 - General

L Tungsten, one of the hardest of all metals and one of the strongest in tensile
 strength at high temperatures, has great industrial and national security value. 'I‘ung-
sten carbide is used for producing tools with extraordinary cutting ability. Tungsten is

. also an alloying component for steel, adding hardness. ‘The compounds of tungsten are
~ used in making automobile parts, fireproof eloth, pigments, X-ray screens, electric light

bulbs, cutlery, electronic components, and dental and surglcal mstruments, as well as-

}parts for lasers and mxhtary mumtlons

W L More than & third of all. tungsten ore in the Umted States is in California
~ and Nevada. The largest mine, which is located near Bishop in Inyo County, California,
has been -operated by Union Carbide since 1937, providing the nation with its most
E 1mportant single source of ‘the essential metal and the County with its largest private
‘industry. More than 400 people (miners, skilled tradesmen, engineers, mill operators, .

R and geologlsts) work at the Union Carblde Corporatlon's Bishop operatlon.

A Beneath the Slerra Nevada Mountams, Union Carbide miners have excavated
rmles of tunnels which are connected by vertical shafts rising from the 2470 m to
3540 m level to the 3540 m level (8100 ft to 11,600 ft). Ore from the mine is crushed,
- ground and chemlcally processed to a white sugar-hke powder known' as ammonium
paratungstate. This is the main product Union Carbide ships from its Bishop operations.
In addition to the principal tungsten mining, some molybdenum, an alloying metal, and

oy copper also are mmed as'well as small quantmes of s11ver and gold. R

1 42 Ammomum Paratungstate Process

e | Union Carbxde owns patent rlghts to the ammomum paratungstate (APT)
process (U.S. Patent Nos. 2,963,342 and 2,963,343).. The APT process consists of &

" series of physical and chemical operations to extract tungsten from the rawore and to. -
- produce a dry, solid product (see Figure 1-1). The raw ore from the mine is first - -

o crushed and ground to & small mesh size. The ground ore is then subjected to a seriesof

© = aqueous flotations with’ ‘ehemical additives to remove heavy metal sulfides, resulting in . -
e solutxon w1th a hxgher concentratlon of scheehte (tungsten bearmg mmeral) ‘ :

The scheehte concentrate is then mixed with soda ash and. water before g

L bemg pressure digested in an autoclave. ‘This operation puts the tungsten in solution so

g 'flltered and the sohds are sent to waste.

" that it can be separated from the gangue (waste materlal) by filtration. “This solutlon is
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" The tungsten—rich solution then goes through a series of proprietary solvent ‘

~extraction operations which converts the tungsten to ammonium tungstate. This solu-

tion is processed in a crystallizer to produce solid ammonium paratungstate. The wet
solids are then dried and packaged for shipment.

1.5 ENERGY UTILIZATION SURVEY

151 Introduetion

: A detalled engmeermg survey of the mill was conducted to identlfy which
processes could potentially utilize geothermal heat as a substitute for fossil fuel gen-

- erated heat. The survey concentrated on development of a model for the mill steam
- usage, since the primary opportunity to substitute geothermal heat for fossﬂ fuel

energy will be in the reduction of fired steam production. -

1.5.2 Present Energy Consumptxon

The Pme Creek tungsten complex relies. solely on purchased electrlclty for ,

prxme movers and fuel oil for the production of process steam. A survey was completed

of current energy consumption at the Pine Creek tungsten complex to. evaluate the

5 potentxal for utllizmg geothermal energy
' 1.5.2.1 , Electmcal Consumptlon

Electrlcrty for Umon Carblde's tungsten complex is produced ata hydro—

~e1ectr1c power generation plant approximately twenty-eight miles from Union Carbide's
facilities and purchased from Southern California Edison (SCE). Power from the SCE
‘plant is carried v1a a 55 000 V transmissmn line and is transformed onsrte to: 12,480 V
o for dehvery. s : v . . R _

Large pleces of rotatmg machmery mcludmg ball and rod: mil]s, compres-

. sors and pumps are used in the mill for the processing of tungsten ore. An electrical

use survey at the Pine Creek tungsten complex, listing major pieces of equipment and
their electrical requirements, is shown in Table 1-1.. Approximately 36 million kilowatt

" hours are required for the. continuous operation of the mill at a cost of 3.7 cents per

- kilowatt hour. : SCE has two rate increases pending which could result in- large utility

- _eost inereases to industrial users such'as Union Carbide. These rate changes would be

- reflected in the Energy Cost Adjustment Charges which might result in an increase of -

- sixteen percent before 1981. This projected increase would result in electrical power.

. costs of 4.3 cents per kilowatt hour for Union Carbide. The feasibility of electrical

. production onsite will be investigated for unconventional alternatives such as geother-
o mal or small scale hydro generatlon facilities to reduce purchased power requlrements. o

: 1.5 2.2 Steam Consumptlon

Large amounts of steam and clean water are needed for processmg tung- |

R sten ore to the end product, ammonium paratungstate. The mine cuts across several
- water bearing fractures which results in a: drainage of 442-505 hters/sec (7-8000 GPM) -
" that collects ‘at: the ‘lowest level of the mine. From there it is pumped to a water - -

B 'clarlfier which supphes water for process use and the water requ1red for process steam. o




.- Table 1-1

UNION CARBIDE ELECTRICAL SURVEY SUMMARY

EQUIPMENT

B&W Boiler M.C.C. 107 Main
B&W Boiler Fan 100 HP

Agitators, Filters, M.C.C. 108 Main

Digester M.C.C. 109 Main
Digester M.C.C. 15 HP

Boilers M.C.C. 110 Main
Boilers Water Pump 40 HP

. Boilers Water Pump 60 HP

. Edwards Roaster M.C.C. 111 Main
Edwards Roaster Scrubber Fan
Stripper Column Fan 75 HP
Raffinate Main = .
Crystalizing Circulation Pump = 60 HP
Evep. Pump Dr. 75 HP

Water Reclaimer 60 HP

Slurry Agitation Dr. 60 HP
Bateh Mixing M.C.C. 112 Main
30 Transfer Pump

Agitator M.C.C. 114 Main
Agitator 40 HP

Batech Mix 40 HP

Main 3000 AMP

APT Main, 600 AMP (3 M.C.C.%)
Crusher Area one M.C.C.
Crusher Area two M.C.C.
Crusher Area Jaw Crusher 150 HP
Crusher Area Cone Crusher 150 HP
Ball & Rod Mill M.C.C. #2 Main
Cyclone Feed Pump #1

Cyclone Feed Pump #2

Floats 20 Hp (9 units)

Floats M.C.C. #3 Main

‘Floats M.C.C.  #4 Main

Floats 20 HP (9 Units)

Air Blower 25 HP

M.C.C. 101 Main

Wolframite M.C.C. 102 Main
6x5 Ball Mill 100 HP

5x6 Ball Mill 60 HP

M.C.C. 106 Main

Air Compressor

Air Compressor 125 Hp :
Vacuum Pumps 30 HP (4)
Floats 20 HP (10 units)

AMPS VOLTS
70 460
62 - 460
50 465
29 465 .

3 465
115 465
265 465 -

55 465
140 465
45 465

48.5 - 465
400 -~ 465
67 465
50 465
66 465
50 465
130 465
38 460
92 460
16 465
35 465

1320 470
135 465
80 470
100 470
110 470
140 470
300 460
140 460
140 460
14 460
230 465
210 440
14 460
14 460
85 465
270 465
110 465
80 465
200 465
110 470
135 465
22 465
22 465
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- Three oil fired boxlers provide process steam to the Pine Creek tungsten

complex. Steam consumption to the mill is supplied through a 240 psi steam header
,w1th pressure reducing stations to throttle the steam to the pressure levels required for
‘various process stages. Seventy<two percent (46,000 Ib/hr) of the produced steam is
“-used for direct mjectlon into- the ‘ore process stream. The steam is mjected for three

' reasons:
* :'ro provide the he_at required to carry out the chemical reactions.
° ‘ 'I“o‘ provide di_mtion'of the process stream. |
) Due to the corrosive nature and the fouhng tendencies of the slur-

v ries being processed, dxrect injection is economical.

A general schematlc for mill steam usage as related to the Ammomum Paratungstate

- (APT) process is shown in F1g11re 1-2. =

: Raffmate, a byproduct of the APT process, is treated in a hxghly energy
intenswe process that removes and concentrates sodium sulfate prior to disposal. The

‘process does not require direct steam injection (see Figure 1-3) but uses nearly twenty

percent of the mill's produced steam for waste treatment. .

The steam usage in the Pme Creek complex. was evaluated to determine

 where geothermal fluid could replace fuel oil as an energy input. Because the

processing of tungsten ore is highly energy intensive, a reduction in fuel oil required per
pound of steam produced could result in substantlal savings. o

‘ g '»1.6 Geothermal Apphcatlons at the Pine Creek Tungsten Complex _
. 160 Introductlon

Energy is avaxlable in geothermal brme as heat. Therefore, apphcatlons for

: geothermal energy utilization will be analyzed in terms of economic and technical

feasibility of direct or indirect heat conversion. End uses were evaluated for geother-
mal application based on the present source of energy use, its impact on the total

. energy consumption, its adaptability to using geothermal brme with avmlable equlp-
' :ment, and its practlcahty for adaptmg to geothermal energy. L L

Process steam for the Pme Creek tungsten complex is presently supplied’

L :through @ 240 psia steam header. As a large portion of this steam is directly mjected ,
- into the process stream, geothermal brine eannot be used for direct -applications in the
~ ammonium paratungstate process because the predicted reservoir temperature is eooler

than the reqmred temperature for dlrect inJectlon of 203C (397F).

The highest potentlal for geothermal applicatxons will be in utlhzmg brme" :

S ,through heat exchangers to preheat water to the boilers, to provide space heating, and
" to heat additives prior to their introduction into the process stream. Geothermal fluid
- is expected to be relatively clean because of the geology of the area; therefore scaling
. is projected to be minimal and reinjection temperature will be limited by heat extrac-

_:tlon efflclency mstead of factors relatlng to sohd deposmon from the geothermal fluid.
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Cascading heat requirements will improve system efficiency by utilizing a
large portion of the heat contained in the brine before disposal. Portions of the plant
energy cycle which already use indirect heating via heat exchangers were examined for
_the feasibility of replacement with alternate heat exchangers using a lower tempera-
ture fluid while maintaining the same heat transfer rate.

1.6.2 End Uses
1.6.2.1 Boiler Water Preheat

Using the data supplied by Union Carbide, it was determined that a sub-
stantial decrease in fuel consumption would occur if the incoming water to the boiler
feedwater pumps was preheated via geothermal fluid. If make up water from the mine
at 4C (40F) is preheated in a counterflow heat exchanger, an inlet temperature to the
~ boiler of 85C (185F) can be obtained saving 140 Btu/lb water. Currently, 72 percent
- (5.0 x 10° liters/day; 1.32 x 10° gal/day) of the water entering the boiler is preheated to
60C (140F) by passing through the APT erystallizer. With the remaining 28 percent
(2.0 x 10° liters/day; 5.3 x 10% gal/day) of the incoming mine water to the boiler
. utilizing geothermal preheat, 2.9 x 10° Btu/hr of conventional fossil fuel energy can be
replaced. This is a thirteen percent reduction in the amount of energy supplied by fuel
oil for the make up water. The brine exit temperature can be between 82-93C
(180-200F), making it possible to extract more energy for space heating or alternate
uses. ”

1.6.2.2 - Space Heating

Space heating is the most versatile use for the heat extracted from geo-
thermal fluid. High reservoir temperatures are not required nor is the technology
complicated. - Geothermal water ranging from 48-114C (118-237F) is currently being
used to heat homes and commerecial esteblishments in Klamath Falls, Oregon, and
Reykjavik, Iceland. The water is used for space heating by circulating it through very
large radiators, or by transferring the heat to a closed system supplied with clean
municipal water. Current space heating at the Pine Creek tungsten complex is accom-
plished with a fuel oil-fired furnace for the office buildings, and 2720 kg/hr (6000 Ib/hr)
of steam at 240 psia for the mill and change room. This space heating requirement can
be replaced or augmented with geothermal fluid via a different distribution system as
the temperatures required for space heating are compatible with the geothermal
resource.

1.6.2.3 Current Heat Exchangers

There are currently two heat exchangers at the Pine Creek tungsten com-
plex that utilize steam to heat the process stream in the APT crystallization portion of
the cycle. Each of these heat exchangers uses 1590 kg/hr (3500 Ib/hr) of steam at
130 psi, with a heat transfer rate of 3.1 x 10° Btu/hr. Heat exchangers are also used in
processing raffinate, a waste byproduct of the ammonium paratungstate process, which
use steam at the rate of 5080 kg/hr (11,200 1b/hr). : ’

Major equipment modifications would be necessary to replace the current

exchangers using geothermal heat. A larger heat exchanger or several heat exchangers
in series will be required, but will be acceptable if the overall heat transfer rate

remains constant. -
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Scaling is expected to be a minimal problem &s initial water analysis and a
geologic review of the area indicate that there will be a low percentage of dissolved
solids in the geothermal fluid because of the expected reservoir temperature and the

geology of the area. If the heat in the geothermal fluid i$ extracted prior to entry to
‘the tungsten mill, the problems associated with geothermal heat extraction such as
solid deposition can be confined to one location.

1
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months of December, January, February and March (the four coldest months of the year
for this location) is -4.3C (24.2F). . This corresponds to & mean daily minimum dry-bulb
temperature of -14.6C (5.7F) at Pine Creek for the winter months.

2.3 GEOTHERMAL FLUID PRODUCTION/REINJECTION .

- A typical production well with a downhole submersible pump and a remjectlon
well requlred for a geothermal systéem are shown in Figures 2-1 and 2-2. The produc-
tion well at Pine Creek would be drilled to a depth of 5700 m (1737 ft) and lined with
cement casing to a depth of 2130 m (6890 ft). At this depth, the expected wellhead
temperature is 121C (250F). To supply the geothermal energy needed to replace con-
ventional energy sources for space heating, domestic hot water, and to preheat a por-

“tion of the boiler water, estimated at 4.5 x 10'° Btu/yr or 1.52 x 107 Btu/hr, a geother-
.mal fluid flow of 30 liters per second (450 gpm) is required. This value is based on
?xtractlon) of all of the heat in the brine between the temperatures of 116C and 77C
- (240-170F _

This flow rate would 'reqmre the use of a pump in the geothermal supply
system. A downhole, totally submersible pump has been decided on for this apphcatmn.

' Downhole pumps are currently being modified to withstand the normally corrosive envi-

ronment of the geothermal brine and are being tested at East Mesa, California and Raft
River, Idaho to determine endurance hmlts and operating procedures. :

o Because the Pme Creek resource has a relatively low temperature, flashmg
the brine to make steam for the industrial processes is not an economieal process. For
example, approximately 34 pounds of geothermal brine at 116C (240F) would be needed
in a flash tank at atmospheric pressure to produce one pound of steam. This limits the
heat extraction from the geothermal fluid to heating, via heat exchangers, a second
fluid that is compatible with system components. -For this application water will be

. used as the secondary fluid, which will be ecirculated through heating coils for space

heating, enter a storage tank which will provide domestxc hot water and provide feed-
water for the boiler feed pumps. . , :

After the geothermal brine passes through a series of heat exchangers, it is

_ discharged through the reinjection line through the injection well into & eompatible

aquifer. A centrifugal reinjection pump will be used, if required, to pressurize the

~reinjection line to provide adequate flow into the remjection well at a depth of 2450 m

(8000 ft).

- Because of the surrounding. geologys water from the geothermal reservoir is
expected to be relatively clean, containing low total dissolved solids. Therefore,
scaling and solid deposition on piping and process eqmpment should be a minimal prob-

-lem. The brine reinjection temperature will be limited by the effxciency of extracting
_ 'heat from the geothermal fluid in the shell and tube exchangers. ’ ) _

24 GEOTHERMAL HEAT EXTRACTION

. The geothermal energy requlred to totally replace the space heating, domestic
water heatmg and to preheat boiler- feedwater is estimated at peak load to be 1.52 x

107 Btu/yr, which would require approximately 450 gpm of geothermal brine if all the

14



SECTION 2
- GENERAL ENGINEERING EVALUATION

2.1 INTRODUCTION

The energy use survey of the Pine Creek tungsten complex 1dent1ﬁed three
major areas for utilizing geothermal heat to replace or augment fossil fuel energy
- consumption. ' Because of the initial reservoir evaluation, which indicated a low
resource temperature, electrical generation was excluded from consideration end all

uses involved direct heat applications of the geothermal fluid. The three areas con-
" sidered most compatible with a low resource temperature at the tungsten complex are

space heating, domestic hot water heating and preheat of the mdustrlal water pnor to
entering the boiler feedwater pumps. v

2.2 - WEATHER ANALYSIS

221 _ Introductxon R _ ) ‘
| = Chmatologxeal data has been compiled on a month-by-month basxs for the

* town of Bishop, California (elevation 1252 m, 4108 ft) since 1944. The offices and the B

tungsten processing mill of the Pine Creek tungsten complex are 20 miles northwest of

Bishop in the Sierra Nevada mountains at an elevation of 2380 m (7800 ft). Current

monitoring at Pine Creek consists only of air quality analysis performed for environ-
mental egencies; data for specific weather ana1y51s (temperature and preclpltatlon) are
not collected. t . .

2.2'.2 ' AcﬁuStment for Elevation Change _

The weather data from Bishop has been adjusted in accordance w;th
ASHRAE's (1977) rule for determination of heating load using climatic conditions. For

interpolation of weather data, ASHRAE suggests that an approximate adjustment for

higher elevations is to decrease the values of wet bulb and dry bulb temperatures by the
following increments: , ,

Dry bulb temperature: 1 degree F per 200 ft
Wet bulb temperature: 1 degree F per 500 ft

Bishop averages 4192 heating degree days and 1075 cooling degree days per year based
on the traditional 65F (18.3C) base temperature. The annual average temperature for
- Bishop is 13.2C (55.9FXU.S. Department of Commerce, 1978). Using the ASHRAE

-adjustments, an offset of 10.2C (18.5F) for the dry bulb temperature is ‘taken for the

location at Pine Creek which would result in & mean annual temperature of 3C (37.4F).

This eorresponds well with information obtained from personnel at the project site that
stated the average annual temperature for the Pine .Creek tungsten"complex is4C.

o The largest demand for space condltloning will be heatmg, as seen by the
above weather data. The mean daily mmlmum dry—bulb temperature for Blshop for the -
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~heat was utilized in the geothermal fluid from 116C to 77C (240-170F). This heat

extraction will be accomplished with shell and tube heat exchangers ina bmary system
w1th clarified mine water absorbing the heat on the shell 31de. - ‘

2.4.1 Heat Dehvery Methods

s There are many ways to dehver the heat contamed in the geothermal hrme
to the pomt of use. The most direct method would be use of the brine itself in the
areas designated as having the highest potential for end use in the Pine Creek tungsten
complex. This method has the advantage of being the most efficient heat transfer
method and the potential for utilizing the greatest -amount of energy. contained in the

~ - brine.- Transporting brine throughout the distribution system has some inherent prob-

lems. Although any geothermal fluid found in the area is predicted to be low in total
dissolved solids, trace elements and dissolved gases in the fluid could cause problems in
the equipment due to scaling or corrosion and in the tungsten process itself due to its

‘ sensxt1v1ty to contaminants. o

. .Because oi‘ the problems associated with direct use of the geothermal flmd,r
heat ‘exchangers ‘will be used to transfer the heat to water taken directly from the

. water clarifier at the tungsten mining complex. The mine cuts across several water
~ bearing fractures which results in a drainage of 7-8000 gpm that collects at the lowest

level of the mine from where it is' pumped to a water clarifier. A portion of the
clarified water is used for process steam, flotation for heavy metal and scheelite sepa-

" ration end in other phases of tungsten ore processing. The remaining clean water is

dlscharged into Morgan Creek.

- Only minor piping changes would be reqmred to mtroduce the geothermal
energy system into the industrial piping at. the Pine Creek tungsten complex. The
normal flow of the discharge from the water clarifier to the tungsten mill will be

- directed - through-a heat exchanger for: preheatmg industrial water to the boiler feed-
- water pumps.» - : , SRR

2,4.2 : Plpmg System

. Heat for the Pine Creek complex is required for process apphcations and
also for space heat and domestic hot water use.. Mine runoff water heated in the boiler

‘is.for the most part consumed in the mill process, with only a relatively small amount
- rejected: to the tailings pond. The hot water rejected from low temperature process -

. .epplications could be used for space heatmg the offlce bmldmgs and for heating the
o domestic supply water. , : : ,

Heat for the Pine Creek complex would have to be transported from the )

'geothermal resource to the mill area. If it is assumed that the geothermal plant is on

the grounds of the mill then heat transportatlon would be a short distance (a few

i .ihundred yards at. most)..

‘The desxgn for the Pme Creek mill will make use of a two-pipe hot water

"y system.: Thxs system would entail one supply pipe of hot water for preheated boiler
- supply and low temperature process applications, and one return pipe of rejected water
: from low temperature process apphcations and offlce buildmgs use. . T

17



‘ - Figure 2-3 is a diagram showing a schematic of the two-pipe hot water
system. The geothermal brine exchanges heat with the water taken from the tungsten
mine. This geothermally preheated mine water is used to provide feedwater for the
existing mill boiler and also for low temperature process applications. Hot water from
the low temperature processes can be cascaded to provide space heat and to heat
domestic water. The heat remaining in this water would be returned to the geothermal
facility to be used to preheat mine makeup water prior to entering the heat exchanger.

In large scale distriet distribution systems, daily demand fluctuations are a
regular occurrence. To provide a ready supply of fluid for the dally peak demands,
storage tanks are employed. , ]

Although the steam demand for the Pme Creek tungsten process is rather
constant, heat demands for other end uses are prone to daily fluctuations. Both process
heat for the mill and space heat for the office buildings may require daily changes in
heat demand. Thus a storage tank will be employed to handle demand fluctuations of
the geothermally heated hot water on a day4to'-day basis. An insulated storage tank
w111 provide a reservon- of hot water for increases in demand whenever they may oceur.

2.4.4 Msaterials Evaluation

2.4.4.1 Pipe Materizals

A preliminary investigation into the different types of pipe materials
would indicate quite & wide variety from which to choose. The basic criteria in
choosing the best pipe-insulation conduit combination would be: (1) the pipe must meet
the requirements of the heat transfer medium, i.e., the pipe must not be adversely
affected by the medium's temperature, pressure, or chemistry; (2) the insulation must
properly limit thermal losses or gains; (3) if placed underground, some form of encase-
ment must protect the pipe and insulation from external loads and the underground
‘environment; and (4) the cost-benefit ratio for the pipe-insulation conduit combination
must be examined in relation to the medium being transferred.

There are, of course, many other factors to be considered such as heat
transfer characteristies, thermal expansion, creep strength, and corrosion protectxon.
 Some of the different types of pipe materials are listed in Table 2-1, which glves a
brief description of the characteristies of each. :

Mild steel is the most commonly used material in prefabncated pipe and
conduit casing because of its relatively low cost, availability, and ease of fabrication.
Carbon steel pipe for brine transmission has been successfully used in the past. Proper
precautions must be taken, however, to prevent pitting and erevice corrosion especially
by geothermal brine. High salinity geothermal fluids will cause high uniform eorrosion
as well as localized corrosxon.

: Preinsulated pipe using non-metallic materials of the asbestos-cement or
fiberglass reinforced plastic (FRP) type appears to be popular for geothermal distriet
heating systems. Preinsulated pipe, very simply, is a prefabricated pipe usually from

18
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Table 2-1

PIPING MATERIALS

FERROUS METALS

Cast Iron - Widely used in water and sewer lines
High resistance to atmospheric and soil corresion
_=_.. .Are comparatively brittle but have acceptable strength

1]

Wrought Iron - Highly eorrosion resistant
- Expensive

Low Carbon Steel - Widely used in various applications
- Good for low and medium pressure steam & water
- Rather economical )
- Easy to weld
- Low corrosion resistance-

Stainless Steel - Highly corrosion resistant

, - Very expensive
NON-FERROUS METALS

Note: The usé of these materials is confined to within buildings. They are not used
extensively in underground mains for thermal conveyance systems.

Copper =  Widely used for indoor plumbing
- Good corrosion resistance

- Highly expensive

Aluminum ' - Lightweight
- Goced corrosion resistance

Brass, Bronze - Suitable for low and medium temperature service

NON-METALLIC MATERIALS

Often used in water lines

High resistance to corrosion

Low friction losses

Good strength

Highly brittle

Sizes up to 36 in., pressures up to 200 psi, temperatures
up to 200F

Asbestos~-cement

1 6 0 8 3

Used for large water mains and sewer lines
High flow coefficient

Corrosion resistant .

Can withstand significant externel loads

Concrete

Fiberglass Reinforced
Plastiec (FRP) Temperatures up to 300F
Corrosion resistant

Low friction losses
Lightweight

Easy to install

Good strength

[ 2 B I A I ]

Temperatures up to 200F
Pressures up to 100 psia
Relatively low strength

Thermoplasties

Thermosetting

Resins - Can be used as liner for other pipe materials
- Good corrosion resistance
- Good for low temperature water service

20
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10 feet to 13 feet in length, which contains &n inner core (copper, asbestos-cement,
steel, or PVC) insulatmg material around this core (polyurethane foam or esleium sili-

cate), and an outer casing (asbestos-cement or PVC). Because all of the components
are packaged into a pipe spool at the factory, the cost per unit length is relatively inex-

--pensive. Besrdes this main- advantage, the . prefabrxcated .system is fast .and easy to

install.

While premsulated pipe has certain advantages which make it suitable for
distriet distribution systems, it may not be suitable for the Pine Creek mill situation.

First of all, preinsulated pipe is good for long straight runs where its ease of installation
. saves greatly in cost. In the Pine Creek project this is not required if it is assumed that

the well is at the mill site. In addition, pipe materials of the asbestos-cement variety
are limited to maximum working temperatures of around 200F. FRP pipe can take
temperatures up to 300F but requires more time for installation because each spool
must be g]ued together. _

lt appears that for the Pine Creek mill, carbon steel pipe would sufflce

for both'the brine loop and the freshwater loop with proper insulation. Carbon steel
‘pipe is relatively inexpensive, readlly available, and holds up- surpmsmgly ‘well in geo-

thermal applications. Carbon steel pipe has been extensively used in &ll types of brine,

' and carbon steel can handle a mde range of temperature and pressure condltzons.

| 2.4.4.2 : Insu]atlon |

- - An ‘ideal material for msulatlon service should be (1) capable of wzth-
standmg repeated ‘wetting and ‘drying without serious deterioration; (2) non-corrosive to
pipe materials' when wet; (3) a nonconductor of - eleetrieity; (4) vermin proof; and

'(5) chemlcally and physically stable at operating temperatures.

Insulation materials basmally fall into four temperature rangee-—cryogemc

‘(below to -150F), low temperature (-150F to 250F), moderate temperature (250F to
-1200F), and high temperature (above 1500F). ‘Insulation types include ealeium silicate,

fibrous and cellular- glasses, urethane foam, rock and mineral wools, expanded perlite,

- ceramic brick, and various fibers (mineral, ceramie, oxide, carbon). Physical forms of
insulation ean be loose-fill, flexible, rigid, reflective, and formed in place, forms ean be-
foam, blocks, blankets, granular, mats, boards, and tape. , SR SR

of the abundant vanety of materxals from whlch to choose, flberglass

d calcmm sxhcate, and polyurethane foam appear to be the most w1de1y used in geother-
' mal apphcations (see Table 2-2) e e ERTR eIy R

5T ; Polyurethane foam is an orgamc plastxc Wthh is confmed to the low-

i temperature apphcation range. This material comes in blocks, boards, flexible sheets,
- or can be foamed in place. It has also been widely used in preinsulated pipe for low
- temperature geothermal brine service. Polyurethane has a very low conductivity fac-
+ .tory making it one of the best materials‘in this category. Unfortunately, permeability

to water vapor has been a problem with polyurethane foam in eryogenic service. Water

- vapor penetrates the foam and deposxts ice when 1t freezes, destroymg the msu]atlon
= propertxes L o : SRt
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s  TABLE 2-2
PROPERTIES OF GEOTHERMAL INSULATING MATERIALS

Caleium | | Urethane -

Silicate Fiberglass v Foam
Témp. range : 100F to 1500F -120F to 650F  ~-250F to 225F
Conductlvxty, K 0.33 to 0.72 3 0.15 to 0.54 0.11 to 0.14
Btu-in/hr-ft2-°F : : _ '
Density, b/ft’ 10,0 0140 . 0.60 to 3.0 1.6 to 3.0
‘ Compresswe strength 100 to 250 0.02 to 3.4 16 to 100
- bfin2@% deformatlon - @ %% - ‘ @10% . @5%

: Relative cost high low low

Fiberglass is formed from fine, resilient glass fibers. It has been used in
service up to 650F in temperature. Fiberglass most popularly comes in blankets, semi-
rigid boards, and molded sections. In blanket form, fiberglass is easy to install around
pipes and tanks. Although fiberglass does not have the compressive strength of either
polyurethsne foam or calcium silicate, it does have excellent thermal resistivity and is
relatively cheaper than caleium silicate for moderate temperature use.

. Caleium silicate is a mixture of lime and silica reinforced with organic
and inorganic fibers. It is used up to 1500F temperatures. It comes in boards and
bloeks, and quarter-round end half-round segments for pipes. Because of its rigidity,
this material has a higher resistance to mechanical abuse then most insulating mater-
ials. A typical aluminum jacketing around the insulation provides protection against
weather and other damage.

2.4.43 Conduit

Conduit envelopes protect pipe and insulation against wetness, corrosive
soils, and mechanical loads. - The two basic types of conduit are: (1) poured field
constructed type; and (2) prefabricated type. Both types can be either pressure tight or
non-pressure tight. Many of the poured envelopes incorporate a combination cement-
insulation or insulating cement which is poured around the pipes. - Others use & hydro-
carbon envelope of & natural granular asphaltic material of high resin content, or
asphalt contained in a metal jacket surrounding the pipe. _

Because field constructed conduits are more costly than factory prefab-

ncated cohdult sections, which can be easily assembled at the site, exammatlon of the
prefabricated conduit types is in order.
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Prefabricated pressure tight steel conduit can be made of either smooth
or corrugated steel. The pipe is surrounded with preformed insulation and then the
‘eonduit is placed around it with a drain space in between. A coupling is welded to join
two sections of conduit; a protective coating, enamel or mastic is used-to seal the
joints. Sealed asbestos-cement conduits -are.similar in configuration to the prefabri-
cated steel type except asbestos-cement is used for both the pipe and outer. casing.
Joints are made with compression type couplmgs and O-rmgs for sealmg Epoxy hning

and polyurethane foam insulatron is also used.

Also s1milar to thxs configuratxon is fxber-reinforced plastic condult using
FRP pipe w1th polyurethane insulation. Sectlons are joined by use of a bonding cement
or. mastic. ‘

2.4,4.4; : Heat Exchanger Materials

C In the bmary heat extractlon process, well site heat exchanger(s) would be
called upon: to transfer heat between the geothermal reservoir . fluid (estimated at
~ approximately 240F, 1160) -and the freshwater taken from the Pine Creek mine (at

apprommately 40F, 4C). e DR , _

A w1de varxety of materials can be used for heat exchangers. Tube mate-
N rlals range from mild steel and copper alloys, to expensive titanium. = Mechanically,
these materials have high strength combined with excellent ductility so that they can
be handled w1th reasonable care without bendmg, kmking, becommg dented or otherwise
damaged. : EAT

‘ Copper alloys are prone to chem1ca1 attack by copper embrlttlement due
to the H2S (hydrogen sulfide) in the geothermal brine. Cracking of some copper-based
alloys exposed to ammoma or its derxvatives also may occur.

Titanium and tltamum-based alloys ‘tested on geothermal fluids have
- shown excellent results in resistance to corrosion, impingement, and ecavitation damage.

‘Titanium is relatively expenswe and experiences with cheaper carbon steel materlal
have been quite positlve. _

‘ Tests have been conducted on heat exchanger tube materials under exper-
-imental conditions at a Heber Reservoir site. Results taken from tests at Heber's

A Nowlin No. 1 Well have shown that earbon steel or titanium tubes can be considered for

service at Heber if proper precautions are taken to prevent excessive exposure to air
(oxygen) during start-up, shutdown, end maintenance operations. Tests performed at an

. East Mesa geothermal well site have also shown positive results utilizing carbon steel
" . tubes. ‘After formation of a tenacious layer of magnetic iron oxide, corrosion appeared

" to have ceased. No signs of pitting or flaking of the oxide were apparent. Copper
-+ niekel (90:10) proved to function satisfactorily in lower temperatures but in hotter
o te mperatures corrosive attack was excesswe. Tltanium tubes showed no signs of corro-_

- sionor other damage.‘
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SECTION 3
DESIGN OF GEOTHERMAL ENERGY SYSTEM

AR 5.1 " m'rnonuc'non

Energy use at Pine Creek has been thoroughly exammed, and end uses that are

U considered feasible with a low temperature resource have been pinpointed. The fol-
. lowing section addresses the specifies of a geothermal energy system at Pme Creek, the
r assocxated eqmpment and the expected retroflt requlred A

32 MECHANICAL EQUIPMENT

3.2 General

The Pine Creek geothermal system is comprised of & brine and fresh water
binary heat delivery system. The brine production, surface and injection facilties are

“shown in Figure 3-1. A submersible downhole pump will provide brine for the geother-
‘mal fluid side of the system at a peak load flow of 450 gpm. Two heat exchangers will

be used to transfer heat from the geothermal brine to clarified mine water. After
exiting the second heat exchanger, the spent brine will be injected with a centrifugal

- pump into a compatible aquifer through an injection well. The major system compo-

nents and requirements for the proposed’ system are descrlbed in further detail below.
3.2.2 Submersmle Pump “

' A downhole pump wm be reqmred to provxde a suffxclent fluid flow for the

‘Pine Creek’ geothermal system. There are basically two types of pumps used for geo-

thermal fluid production: the shaft-drwen downhole pump and the submersible pump
and motor. The lineshaft pumps are rather limited in the depth at which the pump can
be placed. The maximum practical depth for pumping brine with lineshaft pumps is
around 1000 feet although shallower depths are more common. The. reliability of the .
shaft bearings becomes questionable as the depth and temperature are increased. The
setting of the pump at Pine Creek is assumed to be 1000 feet. At this depth, a lineshaft
pump . would be operating in a margmal range, therefore, a submersxble pump was

' decided on for thlS apphcation. ,

After well conditions are, known, the submersmle pump should be sized to :

avoxd mergxnal design efficiency. A pump that is mcorrectly sized and operates
L substantxally off peak pump capacity will result in excessive thrust bearing and impeller =

wear. Pumps operating in an off-peak condition can also accelerate cable  wear.

.Without liquid to dissipate the heat, the temperature in the cable can become '
- excessxve, resultmg in cable failure. EEE

For prehminary desxgn calculatlons, the desn-ed dlscharge condmons were

BN ‘teamed with assumed reservoir data which resulted in determination of specific well -
- parameters that would fit the design criteria. A setting depth of 1000 feet was chosen
. with an anticipated wellhead pressure of 100 psig which will provide the brme system

" pressure and the pressure requxred to overcome frxctlon losses. A :
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: 3;2.3 # Heat Exchangers

- Fluid extracted from a reservoir at the Pine Creek location is expected to

: be fairly clean with a small component. of dissolved solids in the brine. Carbon steel
‘will be used for all piping and in the heat exchangers as a significant corrosion problem

is not anticipated. The 365 day fouling factor for the brine side of the heat exchanger

should not exceed .0012 based on tests conducted on carbon steel heat exchangers at

the geothermal Heat Exchange Test Unit (HETU) in Heber, California (Ghormley, 1978).

~ This fouling factor was based on & brine: temperature range of 180 - 145F.

The heat exchangers wrll be arranged in series and will be of the standard

shell and tube design. The first heat exchanger will be used for preheating the indus-

trial water, with an annusal load of 1.8x10'° Btu/yr. As the geothermal brine passes
through the industrial water heat exchanger, the temperature of the brine drops from
115C to 1090 (240F-228F), assuming a flow of 450 gpm on the brine side.

For space heating, the peak load demand is approxunately 8.3x10° Btu/hr.

- After passing through the industrial water heat exchanger, the brine heats charged

water for use in space heating and domestic hot water heating. The brine enters the

" heat exchanger at 115C and after gwmg up energy for space heatmg, exits the second
: heat exchanger at 87C. , ,

The predrcted temperature ot' the brine at the wellhead is 121C (250F).

: Wlth the use of ‘a downhole pump, the predicted flow rate from the production well is
450 GPM. A pump placed in the production well will not only provide the necessary

fluid flow, but will pressurize the brine transmission system to prevent brine flashing

w from taking place in the productron pxpelme or heat exchangers.

3.2 4 ‘ Exlstmg System

‘The layout of the Pine Creek tungsten mmmg complex is- shown in

Flgure 3-2. This shows the relative location of the office building and the office-

building ennex to the mine and mill change rooms that will be heated with a geothermal

_energy system. The tungsten mill itself generally does not require direct space heating.

"~ 'Heat radiated from steam pipes and process equipment provides adequate space heating
~ within the mill buildings. -An energ'y' profile of the Union Carbide emining*complex is
: shown below in Table 3-1." - = - ' . : :

Although electrlcal generatlon is not feas:ble with a low temperature

'resource, and gasohne and diesel fuel are used. exelusively for mobile equipment,

approximately 4.1 x10!° Btu/yr supplied currently by fuel oil could be replaced if "

o : 'geothermal brme weas used &s an energy lnput.

o
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Table 3-1

ENERGY CONSUMPTION AT UNION
CARBIDE'S TUNGSTEN MINING COMPLEX

% Btu/yr | KWH/Yr
Eleetricity - 19 1.22x10'!  3.6x107
Gesoline 1 6.3x10°  1.8x10°
Diesst 5 3.3x00  erxof
Feeloil 15 _4.axotl 1ame®
TOTAL: 100 ©oe.sxtol  1exoe®
3.2.4.1 Mme and M111 Change Rooms

The change rooms at the Pine Creek tungsten complex are currently

heated via a steam distribution system that, supplies steam to radiators within the mine

and mill change rooms. A typieal piping schematie for the steam supply and condensate
return is shown in Figure 3-3. Currently two steam radiators heat the mill change room

El and ten radlators heat the mme change room. :

' 33_.2.4.2 ; Offlce Bmldxng

: 4 The offlce bmldmg that houses the professmnal and adminstrative person-
nel is heated by a furnace which burns fuel oil. The furnace burns 2186 gallons of fuel

© . oil per year during the winter months. The building is normally occupied nine hours a
" day during the week and five hours each day on the weekends. Forced air supplies heat

to the entire building. This two story office bmhdng has wal]s constructed of stucco

: a.nd wood w;th R-11 ﬁberglass msulatlon. :

‘Heat flux from the buﬂdmgs was calculated usmg selected representative

values of heat transfer coefficients for the various types of construction. These heat -

flux ealculations were made with the assumption that exemplary conditions of compo-
nents and installation are present in the building econstruction, and there are no free air

. cavities within the construction. An example of the heat flux calculatlons and thermal o V
' analysxs of the wall constructmn is contamed in Appendxx A. ST C

FEERT GEOTHERMAL ENERGY APPLICATIONS i P

3 .,3:.,3’.1 SPace Heatmg

E : A bmary system was chosen for space heatmg the offxce buxldmgs and thev'
L ;change rooms. The proposed space heating/water heating system is basieally & closed -
: water loop that obtams ltS energy mput from geothermal brme in a hqmd-hquld heat

,29



0¢

N

NS

WESTEC Services, Inc.

Steam Supply Condensate Return
374" % -3

—

DRAIN TO OUTSIDE
' OF BLDG.

i
a
GLOBE
VALVE
J | "WPLeATE
7 MPULSE " b : i
TRAP L2 !
38°0 : 1

GLOBE VALVE

STRAMNER

HEATER PIPING SCHEMATIC

FIGURE

3-3

L4

e e e oo



r v

C-

S

-

r

. _,"exchanger (see Figure 3-4) ‘Clean water actmg as the secondary fluid passes through
7 “the heat exchanger obtaimng on outlet water temperature of 850 (185F).

A small cireulation pump is required for the clean water loop that will keep

~the water pressurized and flowing through the system. After obtaining a heat input

..~ from the brine, the clean heated water passes through heating coils where forced air

. ~eirculation through the coil unit provides space. heatmg to the rooms. After leaving the

. "heating coils, the relatively cool water (63C 146F) is cascaded to heat domestic hot
. water for offlce use.

“3.3.1.1 " Domestlc Hot Water -

- " A temperature controller on the hot water tank maintains domestie hot
water temperature between the band of 50 - 60C (122 - 140F). If the temperature in
the water tank is below 50C, the three-way control valve directs the discharge from the
heating coils through the hot water tank until a maximum temperature of 60C is
reached. When the temperature of the tank attains a temperature of 60C, the three
way valve closes the path through the water heater and bypasses it. -This should con-

- serve the greatest possible amount of heat in the clean water loop which will reduce the

heat input demand from the geothermal brine.

A temperature controller will be installed on the brine circulation loop
1mmed1ately after the brine exits the second heat exchanger. This temperature con-
troller will econtrol the exit temperature from the heat exchangers between 65 - 75C
(150 - 167F) by modulating a control valve on the brine supply from the geothermal
production well. This should reduce the amount of fluid pumped by the downhole pro-—
duction pump, thus reducing operatlon costs of the system.

3.3.2 Industrial Boﬂer Water Preheat

‘ The system will consist of a brme/water heat exchanger which will heat
clarified mine water from an inlet temperature of 4C (40F) to an outlet temperature of
85C (185F). Because 78 percent of the steam generated by the boilers is injected into

- the tungsten processing stream, the clean water in this system passes through the heat
- exchangers only once. This heat exchanger unit will require no major modifications of

the present plant configuration. Immediately before entering the tungsten mill, the
clarified water will enter the desxgnated heat exchangers and then follow the same path

R that 1t currently follows. e

“No unusual problems are antlcipated with this new: system de51gn Although

the fluid entermg the boiler feed water pumps will have & lower vapor pressure because ‘

of its higher temperature, the water will be under a slightly greater pressure which

- should prevent any potential cavitation problems in the boiler feedwater pumps.
" Because the proposed modifications maintain the design of a closed system, the supply.

- - pump in the clean water system should be ‘adequate for prowdmg the positive suction
G head reqmred for the boiler feed water pumps. S , S

Lo : 'ﬁ -3 4 UTILIZATION FACTORS

The proposed geothermal energy system w1ll have a high year-round load

faetor.'» The tungsten mill processes ‘Taw tungsten ore to ammomum paratungstate '
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24 hours a day. Although some system loads such as space and domestic water heating

will fluctuate with building occupancy, the industrial water demands will maintein a
high utilization faetor for the overall geothermal system resulting in a lower unit cost

of energy supp]ied to the Pine Creek tungsten complex.

If the geothermal system is- sxzed for peak loads (whxch would normally oceur

'durlng" winter months) the annual utilization factor should approach 40 percent. If an

ineredase in the utilization factor is desired, the system could be sized so that it pro-
vides all of the energy mput possible for the industrial water demand, and a portion of

" the energy input for space heating. - This design would necessitate incorporation of a
~ hybrid system sized to supply all of the space heating required on &n-average winter

day, and for colder temperatures oil heaters could be used to boost the temperature
sufﬁcxently. o ,

Another pos31bihty would be the use of heat pumps for amphﬁcatlon of the

" heat supplied by the geothermal system. A more thorough analysis of the temperature
fluctuations and the percentage of time the temperature is within: specified narrow

temperature ranges is required to use these types of geothermal "boost" systems. Tem-

‘perature monitoring would be required at the Pine Creek site to establish a baseline for

average winter conditions and space heating loads. This information would allow deter-
mination of the fraction of the annual total heating needs that must be supplied by &
supplementary furnace or boiler and the fraction of the heating season that the supple-

 mentary boiler would need to operate at complete or partial load.

e
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 SECTION4
ECONOMICS

41  INTRODUCTION

A preliminary economic evaluation was undertaken for geothermel system
development on the project site at Pine Creek. Space heating, domestic water heating
and a portion of industrial water heating using geothermal brine as an energy source,
was compared to current conventmnal energy sources to deter'mine the economie feam—

~ was conducted by comparing capital recovery charges for the proposed geothermal

energy system with the projected savings of conventional fuel charges over the study
period. Capital cost estimates were taken in part from Richard Engmeermg Serv1ces,
Inec. Estimatmg Standards copynght 1979. . v ; ,

42  ECONOMIC INCENTIVES

4.2.1 Introductlon

The economic analysis for a geothermal energy system must include an eval-
uation of cash flows that will show that the annual savings of the proposed project will
justify the front-end capxtal investment. Capital investment must be-encouraged so
that technical progress is achieved that will promote improvement of the standard of
living. - The United States government has taken action to reduce the deterrent to
capital formation in general, and has 1mp1emented laws to advance alternative energy
development. ; . : o .

e The tax and economie incentlves descrlbed in further detail below promote
geothermal development as they reduce the financial liability of the geothermal devel-
oper, Additional favorable legislation has been proposed to the United States Congress
that would further increase the: attractlveness of investments for geothermal utiliza-
tion. :

4,22 i ;‘ Tax Incentlves

| 4'.2.2.]7 i Investment Tax Credlt

" In 1962 tax laws were revised to allevmte some of the undesxrable effects
of income taxation on capital investment. One of these actions involved shortening the

- estimated lives of depreciable property acceptable for tax purposes. , This permits a
“larger fraction of the total depreciation to be written off in the early years of the
- project. The other major legislative actlon that reduced the tax deterrent to capital

investment was the establishment of an "investment tax credit" (Grant et al., 1976).

' The investment tax credit allowed businesses to deduct from their income taxes a
o .stipulated percentage of the qualified investment. With certain exclusions, the ehg1b1e
" property included tangible personal property subject to depreciation. This credit is a.

- reduction of the tax assessed by the government rather than a reduction in the taxable

income.
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The Energy Tax Act of 1978 provides & business investment tax credit for
investment in "energy property." This eredit is in addition to other tax credits for
which the taxpayer may be eligible. This definition specifically encompasses "equip-
ment used to produce, distribute or use energy derived from a geothermal deposit." For
investments in energy property made between January 1, 1980 and December 31, 1989,
the credit will be 15 percent.

4.2.2.2 Intangible Drillmg and Development Costs

 The Intemal Revenue Code Section 263(c) allows the taxpayer at his
option to deduct intangible drilling and development costs of geothermal wells. The
Energy Tax Act of 1978 extends this tax advantage to geothermal developers which was
previously available only to oil and ges ' well developers. .

~ Under this prowslon, the taxpayer may elect to deduct these mtang1ble
costs from taxable income in the year that the costs were incurred as opposed to
capitalizing them. This optlon is applicable to ell expenditures incurred by the devel-
oper for wages, fuel, repairs, hauling, supplies, etc. incident to and necessary for the
drilling and preparation of wells for geothermal production. In general, intangible
drilling and development costs are those items which in themselves have no salvage
value.

4.2.3 Other Financial Incentives

4.2.3.1  Percentage Depletion

The Energy Tax Act of 1978 granted geothermal developers the right to

use the percentage depletion allowance previously allowed for oil and gas for geother-
mal deposits in the United States or its posessions. The taxpayer may deduct 22 per-
cent of gross income for depletion in 1980, 20 percent in 1981, 18 percent in 1982,
16 percent in 1983 and 15 percent in 1984 and thereafter. These percentages are
subject to an overall limitation: the allowances for depletion may not exceed 50 per-
cent of the taxpayer's taxable income from the property.

The tax advantage of the percentage depletion allowance for geothermal
reservoirs is that the taxpayer may deduct the statutory percentage from gross income
each year that the property produces income. In contrast, cost depletion allowance,
allows no further deduction after the capital investment has been recovered. If the
property on which geothermal development has begun is sold, the new owner of a geo-
thermal proven property can continue to take percentage depletion.

4.2.3.2 | Geothermal Loan Guaranty Program

 The Department of Energy administers a program to guaranty lenders
against loss of principal and scerued interest on loans for specified aspects of geother-
mel development, including acquisition of rights to geothermal resources, determining
and evaluating the resource, research and development respecting extraction and utili-
zation, and construction and operation of & new commercial or industrial facility or
modification of an existing facility when hot water is to be used within such facility for
industrial purposes. All of these aspects would be relevant regarding Pine Creek.
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" ‘The federal ‘regulations promulgated by the Department of Energy, effec-

' tlve Deee‘mber 18, 1979 state that the amount guaranteed on each project cannot

exceed $100,000 000. A single  borrower cannot obtain guarantees in excess of

v $200,000,000. The Department of Energy determines what the rate of interest will be

before a loan guaranty will be granted the applicant must present satisfactory evidence
regarding- envu'onmental 1mpact. Issuance of the guaranty is subject to the provisions

. of NEPA.

- The loan guarantees are only avallable 1f the agreement JS entered into by
September 3, 1984,

4.2.3.3 User Coupled Confirmation Drilling Program
This is a new program of the DOE, Division of Geothermal Energy.

“Through this program, the federal government will cost share 20-90 percent of the

expenses incurred during exploration to site drill holes, drilling, flow testing, reservoir
engineering and injection well drilling. The percentage of costs that the government
will support decreases as the success of the pro;ect increases. -

4.3 CONVENTIONAL ENERGY COSTS

In any ana1y51s comparing alternative and conventional energy sources, a mod-
el, must be constructed that will be capable of giving. price projectlons for conventional
fuel sources over the life of the study period. These predictions are accurate only to
the extent that uncertainties regarding foreign energy. imports can be minimized.
Recent months have shown conventional fuel prices the vietim of dramatic price
increases due to fluctuation in prices and supplies - from- forelgn -oil producers. The
changing energy situation that confronts the United States is forcmg an appraisal of

- energy use patterns based on overall energy conservation and economie prineiples.

1 i :aetual'u esoalation o’f: conventlonaly fuel prices is less than predicted, the

,project could prove to be uneconomical, therefore, to minimize risks associated with
- price forecastmg, inflation rates associated with conventlonal fuel prlces are conserve-

tive for use m economic comparisons. ’
A summary of conventlonal fuel costs are shown below in Table 4-1:
' | Teble4l . L
ENERGY COSTS AT PINE CREEK (1979 DOLLARS)

Source Lo o Consumptlon Cost : _' - _Unit Cost

. Eleetricity . 36,513,000 KWH/YR  $1,352,000 $.037/KWH
 FuelOil 3,894,000 GAL/YR  $1,442,000 $.370/GAL
 Gesoline 54,280 GAL/YR . . $ 40,130 $.740/GAL
Diesel 233,000 GAL/YR ~ § 137,500  $.590/GAL



) The fuel oils used at Pine Creek are #4 and #6, middle distillates used for fuel
for the boilers and the office furnace. For direct heat applications at this location
geothermal energy will replace energy currently supplied by fuel oil. Fuel oil available
at contract prices to industrial users were evaluated for constant dollar price escala-
tions over the 30 year study period based on a price forecast by San Diego Gas and
Electric Company and raw energy cost data from the Federal Register. The following
assumptions were made in determining the constant dollar fuel costs: T ‘

1) 1 January 1980 price - $27.00/barrel ~ $.64/GAL
2) 1 January 1981 price - $39.15/barrel ~ $.93/GAL
3) Price escalation for the following years
1981 - 20% |
1982 - 14%
1983 - 7%

1984 - 7%
1985 and thereafter 9%

O

4.3.1 Initial Economic Evaluation

The following assumptions were made for economic evaluation of the Pine
Creek geothermal system:

- Reservoir Characteristics and Well Properties

o 30 year production life of supply well
) Maximum flowrate of geotherrnal fluid 500 gpm or 249,900 Ib/hr

. Temperature of the geothermal fluid at the reservoir ‘well head =
~ 121C (250F) :

® Production well drilling cost (1980 dollars)
$1,180,250

. Injection well drilling costs (1980 dollars)
$890,000

Financing and Tax Data

° Drilling intangibles for production well

$843,750
® Drilling intangibles for injection well
$632,000

® Income tax rate (federal and state) - .50
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: The cash flow was based on elimmatmg 41x10

e - Startup year for veeera,tion -1983

e - Costof borrow,ed money -1 percent

* _Debt/equiiyj ratio - 80/20

] f_Requxred rate of return for rlsky busmess venture - 25 percent

10 Btu/yr currently supphed by fuel oil
that the geothermal energy system would replaee. -Also included were operation and
maintenance costs assumed to be 5 percent of the capital cost of the system per year.
These calculatlons can be seen in Table 4-2. . ; ,

Table 4-3 calculates the net cash flow after taxes computing depreciation
on capxtal investment -and cash flow for debt payment. Intangible drilling costs were
not deducted from taxable income, but were capitalized because intangible drilling

_eosts can only be charged against income from the energy property, and if Union

Carbide owns the geothermal wells and utilizes all of the produced fluid, no actual

mcome will be realized from this pro;ect.

Usmg the assumptions hsted above, thls project's present worth was found to
be less than zero, and therefore not economically feasible (see Table 4-4). Further
investigation of fuel and energy price forecasts and a more detailed economic analysis
will be included in the final report.
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© Table 4-2

CASH FLOW BEFORE DEBT SERVICE

Operations

. N 6. ~ NetSavings . and Net Cash

Year - $/Gal. Fuel Oil $/10" Btu Per Year Maintenance Flow
1983 § 1.36 $ 9.38 § 384,580  -157,500 227,080
1984 $ 1.45 $ 10.00 ¢ 410,000  -157,500 - 252,500
1985 $ 1.58 $ 10.90  §. 446,900  -157,500 289,400
1986 $ 1.72 $ 11.87 - § 486,670  -157,500 329,170
1987 . $ 1.88 $12.97  § 531,770  -157,500 374,270
1988 $2.05  $14.15  § 580,150  -157,500 422,650
1989 $ 2.23 '$15.39  § 630,990  -157,500 473,490
1990 $ 2.43 $ 16.77  § 687,570  -157,500 530,070
1991 $ 2.65 $18.28  § 749,480  -157,500 591,980
1992 $ 2.89 $19.94  § 817,540  -157,500 660,040
1993 $ 3.15 $21.74  § 891,340  -157,500 733,840
1994 $ 3.43 $ 23.67  § 970,470  -157,500 812,970
1995 $ 3.75 $ 25.87  $1,060,670  -157,500 - 903,170
1996 $ 4.08 $ 28.15  $1,154,150  -157,500 996,650
1997 $ 4.45 $ 30.70  $1,258,700  -157,500 1,101,200
1998 $ 4.85 $ 33.46  $1,371,860  -157,500 1,214,360
1999 $ 5.29 $ 36.50  $1,496,500  -157,500 1,339,000
2000 $ 5.76 $ 39.74  $1,629,340  -157,500 1,471,840
2001 $ 6.28 $ 43.33  $1,776,530  -157,500 1,619,030
2002 $ 6.85 $ 47.26  $1,937,660  -157,500 1,780,160
2003 $ 7.46 $51.47  $2,110,270  -157,500 1,952,770
2004 $ 8.14 $ 56.17  $2,302,970  -157,500 2,145,470
2005 $ 8.69 $ 59.96  $2,458,360  -157,500 2,300,860
2006 $ 9.66 $ 66.65  $2,732,650 .  -157,500 2,575,150
2007 $10.54 $ 72.73  $2,981,930  -157,500 2,824,430
2008 $11.48 $ 79.21  $3,247,610  -157,500 3,089,810
2009 $12.52 $ 86.39  $3,541,990  -157,500 3,384,490
2010 $13.65 $ 94.19  $3,861,790  -157,500 3,704,290
2011 $14.88 $102.67  $4,209,470  -157,500 4,051,970
2012 $16.21 $111.85  $4,585,850  -157,500 4,428,350
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Table 4-3 ‘
, ' APTER TAX ANALYSIS OF GEOTHERMAL SYSTEM
A B c ‘D . E F G H
R T L : (A+B+C) (A+C+E) ~(.5F) (D+G)
Net Cash Flow . L .

Before Debt - Cash Flow = Cash Flow For Cash Flow Depreciation . After Tax

_ ~Service - For Debt Interest After Debt (Straight Taxable Cash Flow Net Cash .
Year and Taxes .~  Repayment : On Debt - Service - Line) Income For Taxes Flow

C samee L

0 +2,520,000 L L e e e -630,000
1 227,080  -84,000  -277,200 = -134,120 -105,000 . -155,120  .+77,560 -56,560
2 252,500 84,000  -267,960  -99,460  -105,000  -120,460  +60,230 -39,230
3 280,400 -84,000 258,720 -53,320  -105,000  -74,320  +37,160 -16,160
4 329,170 - -84,000 249,480 -13,550  -105,000  -25,310  +12,655 895
5 374,270 - -84,000  -240,240 - +50,030 - -105,000 20,030  -14,515 35,515
6 422,650 -84,000  -231,000 +107,650  -105,000 86,650  -43,325 64,325
7 473,490 -84,000  -221,760 +167,730  -105,000 146,730 -73,365 94,365
.8 . 530,070  -84,000  -212,520 © +233,550  -105,000 212,550  -106,275 127,275
9 591,980 -84,000  -203,280 +304,700  -105,000 283,700  -141,850 162,850
100 660,040 -84,000 194,040 ~ +382,000  -105,000 361,000  -180,500 201,500
11 733,840  -84,000  -184,800  +465,040  -105,000 444,040  -222,020 243,020
12 812,970 ° -84,000  -175,560 +553,410 -105,000 532,410  -266,205 287,205
13 903,170 -84,000  -166,320 | +652,850  -105,000 631,850  -315,925 336,925
14 996,650  -84,000  -157,080 +155,570  =105,000 734,570  -367,285 388,285
15 1,101,200 -84,000 - -147,840 +869,360  -105,000 848,360  -424,180 445,180
16 1,214,360  -84,000  -138,600 +991,760  -105,000 979,760  -485,380 506,380
17 1,339,000  -84,000  -129,360 +1,209,640  -105,000 1,188,640  -594,320 615,320
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Table 4-3 (Continued)

H,,

A B c D E F G -
. (A+B+C) (A+C+E) -(.5F) (D+G)
Net Cash Flow ‘ ‘ N
Before Debt Cash Flow  Cash Flow For Cash Flow - Depreciation L IR After Tax
Service For Debt Interest After Debt (Straight Taxable Cash Flow Net Cash
Year and Taxes Repayment On Debt Service Line) = Income For Taxes Flow
18 1,471,840 -84,000 -120,120 +1,267,720 -105,000 1,246,720 -623,360 644,360
19 1,619,030 -84,000 -110,880 +1,424,150 -105,000 1,403,150 701,575 722,575
20 1,780,160 -84,000 101,640 +1,594,520 -105,000 1,573,520 -786,760 807,760
21 1,952,770 -84,000 -92,400 +1,776,370 -105,000 1,755,370  -877,685 898,685
22 2,145,470 -84,000 -83,160 +1,978,310 -105,000 1,957,310 -978,655 999,655
23 2,300,860 -84,000 -73,920 +2,142,940 -105,000 2,121,940 -1,060,970 1,081,970
24 2,575,150 -84,000 -64,680 +2,426,470 -105,000 2,405,470 -1,202,735 1,223,735
25 2,824,430 -84,000 -55,440 +2,684,990 -105,000 2,663,900 -1,331,995 1,352,995
26 3,089,810 -84,000 -46,200 +2,999,610 -105,000 2,978,610 -1,489,305 1,459,315
27 3,384,490 -84,000 -36,960 3,261,530 -105,000 3,242,530 -1,621,265 1,642,265
28 3,704,290 -84,000 -27,720 3,592,570 -105,000 3,571,570 -1,785,785 1,806,785
29 4,051,070 -84,000 -18,480 3,949,490 -105,000 3,928,490 -1,964,245 1,985,245
30 4,428,350 -84,000 -19,240 4,335,110 -105,000 4,274,110 -2,137,055 2,198,055
r— 1 /o r — e r— 0 ( r—
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‘Table 4-4

~ PRESENT WORTH ANALYSIS

Cash Flow
After Taxes -

*-56,560 '

~--39,230
-16,160
| +895

35,515

64,325
94,365
127,275
162,850
201,500
243,020
287,205

336,925

388,285
445,180
506,380

615,320
644,360
722,575

- 807,760

898,685
999,655 -

1,081,970
1,223,735
1,352,995

1,459,315

1,642,265
1,806,785
1,985,245

2,198,055
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L @.25%

0.8000
- 0.6400°
0.5120

0.4096
0.3277

0.2621

0.2097
0.1678
0.1342
0.1074
0.0859
0.0687
0.0550

10.0440

0.0352

0.0281

0.0225
0.0180

0.0144
0.0115

0.0092

 0.0074
0.0059

0.0047

0.0038
- 0.0030
©0.0024
0.0019
- 0.0015
©0.0012

PW
=630,000
-45,249
-25,107

-8,274
+366
11,638
16,859
19,788
21,358
21,854
21,641
20,875
19,731
~ 18,531
17,085
15,670
14,293
13,845
11,598
10,405
9,289
8,268
7,397
6,384
5,752
5,141

4,378
3,041
3,433
2,978

2,638
=$376,408
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| SECTION5
THE GEOTHERMAL RESOURCE

51 INTRODUCTION ~

5.1',1 Purpose and Scope

“The purpose of this study was to investlgate the potentlal availabihty of
geothermal energy resources for economic utilization at Union Carbide-Metals Divi-
sion's Pine Creek Tungsten Mine and Mill. This report is a preliminary answer to the .
question of whether a low temperature geothermal resource exists at the Pine Creek
Mine based on surface observations alone to decide whether drilling should be
recommended.

“The Pine Creek Mine is located about 20 kilometers (12.4 mi) south of the
Mono-Long Valley Known Geothermal Resource Area in an area designated as a pro-

‘spective geothermal resource area on the Map of Geothermal Energy Resources of the
- Western United States prepared by the National Geophysical and Solar ar Terrestrial Data

Center for the National Oceanographic and Atmospheric Administration (1977). The
potential for geothermal resources occurmg at the mine was encouraged by the pres-

“ence of a relatively warm water spring inside the mine. The area in which the mine

- oceurs was not classified as a potential geothermal resource area in & later edition of
~the a)tforementroned map pubhshed w1th U.S.. Geologlcal Survey Circular 790 (Muffler,
1979

Chenucal analyses of groundwater from the v1c1nity of the Pine Creek Mine

 were obtamed from the available literature and from the files of public agencies.

These data and the locations of springs shown on the U.S. Geological Survey Mount Tom
and Cesa Diablo Mountain 15 minute quadrangles were used to select springs where
water samples could be obtained for chemical analysis. - Wells were selected on the
basis of location and aceessibihty for samp].mg '

Water samples were sent to various laboratorles for analysxs which included

dissolved chemical species and oxygen and hydrogen isotopes. Interpretations are made

on the basis of the chemical character and quahty of the groundwaters as they affect
the suitability of individual samples for use in various published geochemical geother-

- mometers. - Deuterium and oxygen-18 content were determined on select samples to

check for possible heating effects, and tritium- levels were determined to estimate

_relative ages of the various groundwater types.

| ‘5 1. 2 Sprlng and Well Numbering System

Each ‘'spring and well encountered durmg the mvestigatlon was . assrgned a

;letter in order of sample collection.. The locations of the wells and springs were identi-.
.~ fied by numbers. aecordmg to the California State Well Numbering System. In this
. -system wells and springs are assigned numbers which are referenced by the U.S. Public -
-~ ~.Land Survey System; a rectangular system for the subdivision of land. For example, s

‘ shown in Figure 5-1 in the number 068/31E-5H01, the part of the number preeedxng the

e



A%

“%w WESTEC Services, Inc.

MOUNT DIABLO BASE LINE

R.29E. R.J0E. R.I1E.  R.I32E. SECTION
| gs A DI C A |06S/31E-5H1
E: 1 W |4 WELL OR
F LG | R [0smne
2"
52 L 1 J
- }
g«; . .
g2 P R
3|2
- 7189 (10/11 (12
18({17(16[(15|14 |13
19(20(|21]22(23 |24
|| 30({29|28|27|26](25
: o
31(32(33|34 SS%OSECTION%
SECTIONAL!ZED TOWNSHIP
FIGURE
Spring and Well Numbering System 5_1 :

46

| S

1

r

r—

r-



r r r r

Y ol i R oS

|

virgule indicates the townshlp (Township 06 South), the part between the vxrgule and the

.dash indicates the range (Range 31 East); the number between the dash and the letter

indicates the section (Section 05); and the letter indicates the 16.2 hectare (40-acre)
tract wrthm the sectlon ' ‘ . .

Within the 16.2 hectare (40-acre) tract wells are numbered sena]ly, as indi-

“cated by the final digit. Thus, well 06S/31E-5H01 is the first well to be listed in the
- SE1:NE#:Sec. 5, T6S, R31E, Mount Diablo baseline and meridian. Springs are numbered

similarly except that an S is placed between the 16.2 hectare (40-acre) tract letter and
* the final digit, as shown in the 'folldwing spring number: 07S/30E-9QS01.

5.2 GEOLOGIC SETTING

5.2.1 Locatlon end General Features

' Pme Creek is in- east—central Cahforma, in northern Inyo County, about .
27 kilometers (16.8 mi) west of Bishop (Figure 5-2). Elevation at the main adit of the
mine is-approximately 2469 meters (8100 ft) above mean sea level. The mine is high on

" the eastern slope of the Sierra Nevada mountains near the head of the alluvium filled

- glaciated canyon of Pine Creek which opens outward about 11 kilometers (6.8 mi) north-
.. east of the mine into Round Valley, a northwestern extension of the Owens Valley. The
"last three kilometers (1.9 mi) of the canyon are formed by lateral morames whrch '

. extend outward from the shear gramtlc wal]s of the canyon. '

From the mymad of hthologxc umts recogmzed in the area by Bateman

(1965) four groupings of units are considered to be relevant to this investigation. The
- pertinent units are all a grouping of granitic, metamorphic and other basement rocks
. into pre-Quaternary basement rocks which form the Wheeler Crest, Mount Tom, the

Tungsten - Hills,. and other topographlc high areas in the Sierra Nevada portion of the

- study area. Individual lithologic units in the basement rocks are retained for certain

springs and when dxscussmg & model of the geothermal resource.

: Glaclal and alluv1a1 units are grouped mto Quaternary sedlments and meake
up the bulk of the central portion of the study area in Round Valley as well as scattered
other portions of the study area. Two volcanic units are significant to this study: the

. Pleistocene Bishop Tuff in the northeastern quarter of the study area and late Tertiary
i or early Pleistocene basalt in the Tunsgsten Hills. The distribution of these units in the
~ vieinity of the Pine Creek Mine is shown .in Plate 1. The sources of the geologlc data :

shown on P]ate 1 are identlfled on Figure §-3. : , _ ,

’ '5.2.2 Geophysrcal Measurements in the Vlclmty of the Pxne Creek Mme

- Pakiser, et al. (1964) and Pakiser and Kane (1965) presented a gravrty map

,of the northern Owens Valley erea which included Round Valley. A gravity low was
- reported for the voleanic tableland east of Round Valley which was shown to diminish

westward toward Round Valley. ‘The authors interpreted. the data to mean that the

& ,Blshop Tuff extended mto the alluvmm of Round Valley at shanow depth.

Several heat ﬂow rneasurements have been attempted msrde the Pme Creek

Mine by the U S. Geologlcal Survey but were unsuccessful (Posner, 1979) ‘A heat flow
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measurement about 35 kilometers (21.7 mi) southwest of the mine ‘(dr‘illholeb HC, near

Helms Creek at Courtright Reservoir) was reported by Lachenbruch (1968) as 1.30 Heat
Flow Units (HFU) (1.30 pcalem 2s !; 0.054 Wm 2; 0.017 Btu ft 2 hr !) and & geo- -

thermal gradient of 17.2°C per kilometer (49.8° F/mi) of depth was reported. Two heat
flow measurements of .93 HFU (.93p cal em 2 sec™!; 0.039 Wm 2; 0.012 Btu ft 2 Hr ')
and 1.27 HFU (1.27p cal em 2 sec '; .053 Wm 2; .017 Btu ft 2 hr ') were reported by
Lachenbrueh, et al., (1976) for the east and west sides of the Tungsten Hills, respec-
tively, which are about 10 kilometers (6.2 mi) east of the mine. Thesé heat flow mea-
surements were reported to indicate a geothermal gradient of 15.1°C per kilometer

(43.7° F/mi) of depth. Each of these geothermal gradients is lower than the typical -

global valve of 25°C per kilometer (72.4° F/mi) (Gouguel, 1976).

A rock temperature measurement has been made in & drillhole in the Brown-

stone adit of the Pine Creek Mine and showed a temperature of about 14°C (57.2°F) _
(Posner, 1979) which is significan;ly above the average annual temperature of 4°C_

(39.2°F) (Brewer, 1979).
- Mieroearthquakes have been monitored in the vieinity of the Long Valley

Caldera and the northern Owens Valley and the data includes the Pine Creek Mine area
(Pitt and Steeples, 1968; Steeples and Pitt, 1976). Several microearthquakes occurred -

beneath Round Valley and & few events were reported beneath the Pine Creek Mine
(Pitt and Steeples, 1968), at depths of 6.5 to 17.5 kilometers (4.04 to 10.9 miles).

No further geophysical information is available from the vicinity of the Pine °

Creek Mine (Posner, 1979) and none was attempted during this investigation.
5.2.3 Springs and Wells in Relation to Geology

Springs were selected for investigation on the basis of the type of rock from
which they discharged and on the basis of the type of springs, as described below. The
rock type from which water samples were collected is summarized in Teble 5-1.
Springs used in this study are divided into two main categories: bedrock springs dis-
charging directly from fractures in the hard crystalline rock (Fracture Springs of Bryan,
1919) (Springs B, C, and D) and alluvial springs whose waters arise through Quaternary
sediments. Alluvium in the Pine Creek Mine area is generally derived from mixed
granitic and metamorphic sources. Alluvial springs ere further divided into fault con-
trolled (Fault Dam Springs of Bryan, 1919) (Springs A, G, K, and L) and springs pre-
sumably controlled by the stratigraphy of the alluvium (Gravity Springs of Bryan, 1919)
(Springs E, J, and P). ,

Water samples were collected from six wells in Round Valley downstream

from the Pine Creek Mine. The nature of the strata inferred to have been penetrated .
by these wells is listed in Table 5-1 based on geologic maps and sections presented by

Bateman (1965). A lithologic log was available from only one of these wells (Well F)
and is shown in Figure 5-4.

The lithologic log and well completion history of the Rovana Water Supply
Well (Well F) was provided by Mr. Ken Rwoan (1979) of Union Carbide Corporation and

allows for an intuitive understanding of the groundwater system in Round Valley. This

well was drilled to 2 depth of 125 meters (410.1 ft) in 1964. Water cascaded down the

50

r—

r— r—

r—



15

Table 5-1

LOCA'I‘ION, HAME, AND GEOLOGICAL RELATIONS O¥ SPRINGS AND WELLS
“UTHIZED FOR THIS INVESTIGATION

Basf 601;13 w.fm Sprlng ’
Easy Going Cold Spt.'lug
‘th‘)le Creek Séﬁng :

Miﬁ Spring

Bovan;\ wAter's;pély Well
Rovana mt;- Supply Spring
Round Valley Bchool Well '
CL;C‘ Well

Mile Post 333.5 Spring
Aln'slley Spring

Wells Meadow, main spring

C-Bar-O Ranch Well (10 acres)

North Schober Well
South Schober Well

" Buttermilk ‘Spring -

Keough Hot Springs
Pine Creek Surface Flow

;qf Spring Location -
»f.pc»r s of
Tl - Well © - Welt or

‘ “Letter Spring
A 06S/31E - 31RSI
B © 07S/30E - 8CS1
c 063/30E - 31RS1
» 078/30F - 9QS1
E 07S/30F - 8AS1"
i - 065/31E - 19G}
Loan 06S/20E - 26CS1
fLH 06S/31E - 21E)
i © 06S/31E - 27Q1
3 05S/30K - 31NSL
&  038/30F - 26H81
L 085/308 - 111
M 08S/31E - 1781
N - 06S/31E - SH1
‘o 06S/31E - 2281
[ 07S/31E - 20GS1
Q 08S/33E - LTFS)
R " 078/30K - 8 (ereek)
bwell log was not available for examination.

Numeof ;
Wellor - - ) e
Spring |- GeologyotSprlngor Well
A_ »"Basco'f Sprlng, SIemm fronlal spring. Discha es - along short hult in - slluvial fon about’

0.8 km from base o( mounlaln. Alluvium derived from grnnmc and metamorphic
rock,

Discnnrges “from lracluu through -~ deill  holes from  marble  in undergro-md
workings, ‘This is one ‘of several drillholes which ‘discharge warm mnter in
mls pomon of the mine. Location 524 m from poﬂul. o

Discharges from lractures in marble ln underground workings Loeation tlkm”
from portal. :

Discharges from  (ractures in’ granmc rock benea!h shallow eolluvmm on nleep
wesl-{aclng slope of Gable Creek Canyon. ;

Dlschargea from’ granma rock: derlved ollwlum on ﬂoor ol Pine Cteek Cunynn' .
below lhe Pine Creek Mine min.

125 Meter deep well penelnling alluvium, nlluvial lnn deposits. nnd Bishop‘
Tult (l?igure 5-4) :

) Dischsrxea from 'Nogn slage moulne of Pine Creek at conlucl with vnlley fioor

nlluvium.

Well, - depm unccrtaln, penetratlng alluvlu'm, alluvial fan— deposiu and
posslbly Bishop 'l‘nﬂ. _ coe ) ;

61 metet deep well ' penetrating alluvial fan deposits and posslbly ‘other
deposlts. : :

Dische ges from b th ridge crest in ‘l‘logn moraine of Rock Creek Cnnyon. :

Sierran tronlnl spring. Dlsehnrges from beneath gramtle tulus at contaet with altuviul
fan.’

Sierran frontal spring Diseharges along short fuult in granitic alluvium pnrnllel mlh
sierran frontal fault and approximately 200 meters lrom base of mowitain. -

25 meter deep well penetrating alluvial fan deposits 9( granitic composition.®
38 meter deep well penetrating shallow (<3m) alluvium and Bishop Tuf(.
40+ meter deep well penetrating alluvlum and possibly Bishop Tuff.

" Discharges from between boulders in alluvial fen deposits derived from granitic’

terrane.

Discharge from truclures in granitic rocks through cement lined basins.
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DEPTH
je—am—»{ (M) DRILLERS LOG GEOLOGIC INTERPRETATION
SURFACE BOULDERS
4.9 "
AN
9.8 : B, G‘:‘;VEL AND BOULDERS : YOUNGER ALLUVIUM
—vy—1 {1 szzzzzzzcs BATLAPAG LIITS ' OF PINE CREEK
148 SAND, GRAVEL AND BOULDERS :
1€.2 YE}.
SAND AND BOULDERS
4 22.6 -
CEMENTED SAND, GRAVEL OLDER ALLUVIUM OF PINE
AND aom.oens CREEK, POSSIBLY TAHOE
STAGE TILL
32-0 m‘%ﬁ t‘ - - -------- L L 1]
L . LU LS 13
ggi A smi‘gﬂz é‘%ﬁc BouLber
BROWN SANDY GLAY ) HARD AGGLUTINATED TUFF
OF BATEMAN,1965
~¥ — STANDING WATER LEVEL 7
WITH ORIGINAL WELL DEPTH OF 126 METERS WATER CASCADED
FROM UPPER GRAVELS AND DID NOT MAINTAIN A STATIC WATER LEVEL.
PLUG WAS SET AT 76 M AND CASCADING ENDED . PERFORATIONS
FROM 12M TO TOTAL DEPTH.
S
N 7
,X\ PLUG
Source; Ken Rwoan, Union Carbide Corporation 1879, from 1964 file
125.0
data.
FIGURE
Drillers Log and Interpretation of Rovana Water Supply Well (Well F) 5 -4
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wellbore and falled to mamtam a water level suffxcxently high to allow pumping from a
pump set at about 45 meters (147.6_ ft) “An eirlift system was capable of sustaining
132 liters per minute (34.87 gal min ®) from near total depth. The wellbore was later
plugged at about 76 meters (249.4 ft) depth which allowed standing water level to rise
to 12.8 meters (42.0 ft) below the surface and allow sustained pumping of about
208 liters per minute (54.95 gal min ®). The cascading water in this well suggests a two
tier groundwater system separated by an unsaturated interval in the Bishop Tuff for at
least the western portion of Round Velley. Sulfate and tritium concentrations discussed
later, suggest a fairly rapid rate of groundwater movement through the upper aquer.

5.3 ' HYDROGEOCHEMISTRY

5.3.1 . - Field and Laboratory Analysis -

The groundwater of the vieinity of the Pine Creek Mine contains a variety

of chernlcal species in solution at low concentrations. Knowledge of the chemical types
and concentrations is useful in interpreting patterns of groundwater movement, source
‘of the water, and for screening samples for further interpretations.

} As part of this study, samples for chemical and 1sotope analys1s were col-
lected in December 1979 from 17 springs and wells, Table 5-3 gives the resuits of the
chemical analysis made for this study. The concentration of certain dissolved consti-
tutents may change between the time of field collection and the time of laboratory

.analysis owing to loss of gases, temperature changes, and precipitation of solids. Cer-

tain analyses were made in the fleld and parts of the samples were treated before
analys1s.

Due to the unimproved condition of most of the springs encountered durmg
this mvestlgatlon and occasionally the precipitious conditions under which the springs

-occur few attempts were made to measure the flow. However, estimates of the flow
rate were made based on the field personnel's experience and on approximate measure-

ments (Table 5-2).

Temperature of the spring waters were measured to the nearest 0.1°C
(0.18°F) as close to spring orifice as possible and the temperature of the well water was
measured as close to the wellhead as possxble. These data are listed in Table 5-2.

Silica was measured in the field with a HACH Chemicsl Company field test
klt, as were several other constituents. The only field analysis reported herein is silica

- and these values were adjusted:as explained in Section 5.4.5, below. All other field
- determinations were abandoned because of inaccuracies introduced through severe envi-
-ronmental conditions encountered during the field investigation. .

A separate bottle of each sample was ac1d1f1ed at the time of collection and

~ taken to the laboratory for analysis for aluminum (Al), iron (Fe), manganese (Mn), zine
(Zn), calcium (Ca), magnesium (Mg), and strontium (Sr). Analysis for these seven
~cations, as well as for sodium (Na), potassium (K), and lithium (Li) were made by atomie
o absorptlon spectroscopy. Analyses were conducted by Environmental Engineering Labo-

.~ ratory in San Diego, California. (In this section and those that follow, superscripts
- showing the onic charge of dissolved species are not shown.) » ’
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o Teble 5-2 i
- ESTIMATED FLOW RATES OF SPRINGS AND GROUNDWATER
TEMPERATURE IN THE VICINITY OF THE PINE CREEK MINE
I R : Estimate
- Well Flow or : : Flow Rate ‘ -~ Temperature
Spring Letter (liters/min.) , °c
A 200 12.3
B 75 (spring system) 19.9
C 200 7.6
D 40 13.4
E 100 - 8,3
F - 1907
G 56.8 (measured) 13.4
H — 12.9
. —— 15.0
i d 20 5.8~
K 80 ©13.9
L 150 11.3
M —— 11.6
N — 10.7 .
0 _— 8.0
P 150 1- 11.8
Q >2,000". :91.4
* IMariner, et al., 1977.
. e
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Table 5-3

CHEMICAL ANALYSIS OF WATER FROM THE VICINITY OF THE PINE CREEK MINE a
AS DETERMINED DURING THIS INVESTIGATION? |

, (results in milligrams per liter, except as indicated) : P
- _ - - e Il e ,
3
-~
e - R ‘ . 3 B
1 3 . N
E % - 5 g - = § ‘ g & 7] E’ :
o & = G -] C I - z < < %z Z ]
B -~ §. < & s ) E a 2 s B -~ 8 - - = o 8 s
= ) = 5 ] : 131 = = < 3 I = = <. | ] 13} B e g Bo o é
WELL B 83 5 & 2 = = B2 B & 3 & & & 3¢ |8 g 8 8 = £ 83 S 3
SPRING  LOCATION OF WELL i , g P g 3 -3 8 § g = 3 5 8 8 3§ 2% |z < 2 2 E g &= 5 '?g
LETTER OR SPRING NAME OF WELL DATE OF g 3% 3 & 5 2 = g E & E B 5 £ S8 |= e § 5 B &  DssoLvEp =
(Plate I) (Piate D OR SPRING COLLECTION = w8 < 2 = 5 S = 5 3 = & < =3 |8 2 s ® = 6 soups &
A 06S/31E - 31RS1 *Basco” Spring 12-9-79 ‘12.3 17.3 <0.3 <0.01 <0.01 <0.00 9.9 0.3 <0.1 <0.1 0.005 8.0 1.6 0.09 37 7.0 3.0 074 1.5 028 28 8 7.3
B 07S/30E - 8CS1 Easy Going Warm Spring 12-10-79 19.9 15.2 <0.3 <0.01 <0.01 <0.0t 4.0 0 <01 <0.1 0.012 9.0 0.4 012 27 b 3.6 2.5 078 2.1 0 10 6  8.70
c 08S/30E - 31RSL Easy Going Cold Speing 12-16-79 1.6 1.1 <03 <0.01 €0.01 . <0.00 7.1 0.8 <0.1 <0.1 0.008 6.0 0.6 0.12 =23 4.5 3.0 0.23 0.93 0.06 10 56  8.52
D 07S/30E - 9QS1 . Gable Creek Spring 12-11-79 13.4 18.9 <03 0.23 <0.01 <0.01 12 0.8 <01 <01 0.015 9 0.8 om @ 13 2.8 1.2 0.35 0.02 52 8  7.45
B 07S/30E - 8AS1 MM Speing " 12-12-19 8.3 “11.8 <0.3 0.07 <0.10 <0.01 6.9 1.6 <0.1  <0.1 0.006 26 0.7 om  u 10 3.0 0.97 0.18 0.04 72 125 6.7
¥ 06S/31E - 19G1 Rovena Water Supply Well 12-12-79 12.7 15.0 - <0.3 <0.01 0.01 <0.01 17  0.91 <0.1  <0.1. 0.004 46 2.5 0.2 48 0.062 83 5.00 0.80 0.93 0.02 152 229  6.59
G 06S/30E - 26CS1 - Rovena Water Supply Spring 12-12-79 134 128 " <0.3 <0.01 <0.0t  <0.01 8.4 0.49 <0.1  <0.1 0.008 9 1.6 0.3 35 ~ 7.8 20 018 1.1 o001 32 719  7.22
H 06S/31E- 21E1 Round Valley School Well 12-13-19 12.9 16.2 <0.3 0.08 <0.01 0.0 12 1.3 <0.1 <01  0.008 42 .1 04 62 73 5.0 0.54 0.71 0.08 192 227  6.55
1 06S/31E - 27Q1 CCC WeRl 12-13-79 15.0 21.1 <0.3 3.0 0.09 <0.01 10 1.8 <01 <01 0.003 8 1.7 013 50 4.1 2.0 048 0.84 0.01 97 103 6.7
3 05S/30E - 31NS1 Mile Post 333.5 Spring 12-14-79 5.6 16.2 <0.3 <0.01 <0.01 <0.01 S.4 061 <0.1 <0.1 0.002 3.0 1.4 008 21 § 2.9 1.5 0.46 0.04 0.01 16 53  6.64
K 058/30E - 26HS1 Ainsiey Spring 12-15-79 "13.9 1.7 <0.3 <0.01 <0.01 <0.01 9.6 0.62 <0.1 <0.1 0.005 8 1.4 010 41 .07 3.3 2.0 0.8 1.0 002 35 83  7.39
L 06S/30E - 1151 Wells Meadow Main Spring 12-15-19 1.3 1.1 <0.3 <0.01 <0.01 <0.00 9.8 0.61 <0.1 <0.1 0.003 6.5 1.6 0.21 36 $.067 3.3 2.0 019 0.93 002 20 75 7.2
M 06S/31E - 17B1 C-Bar-O Ranch Well (40 acres) 12-15-79 11.6 15.0 <0.3 1.7 <0.01 0.13 18 1.1  <0.1  <0.1 0.005 52 2.6 0.07 45  §.084 115 5.7 0.50 1.9  0.05 248 259  6.41
N 06S/31E - 5H1 North Schober Well 12-16-79 10.7 2.1 0.3 <0.01 <0.01 0.41 9.6 0.8 <0.1 <0.1 0.013 15 2.2 0.05 54 014 9.1 3.0 0.5 1.5  0.06_ 80 139  7.25
o 06S/31E - 2281 South Schober Well 12-16-79 9.0 11.7 <0.3 0.04 <0.01 0.07 46 3.7 <01 <01 0.005 24 2.2 0.05 89 0.082 91 12 0.32 0.8 0 212 27 7.05
P 07S/31E - 20GS1 Buttermilk Spring 12-17-79 1.8 20.4 <0.3 0.04 <0.01 <0.01 18 2.3 <01 <01 0.004 11 2.5 0.07 66 §.037 15 4.0 0.2¢ 1.8 0 — 1 em
Q 08S/33E - 17FS1 Keough Hot Springs 12-18-79 51.4 2.4 <0.3 <0.01 <0.01 0.07 8.8 0.02 <0.I  <0.1 0.480 159 3.0 0.04 36 .44 69 187 6.2 0.84 0 514 498 8.71
R 07S/30E - 8 creek Pine Creek Surface Fiow 12-18-79 C— 10.5 <0.3 0.03 <0.01 €0.01 7.0 020 <01 <01 0.008 8.0 0.7 0.05 38 $.048 12 2.5 1.2 2.2 0 80 84 728 -
'Amlﬁsis eonducted by Environmental Engineering Laboratory, 3538 Hancock Street, *nsufficient sample.

San Di California, 92138
n Diego, b *Not measured - about 0°C.

{

2probably chlorinated.

$Collected from a polyvinylchloride pipe.
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The precision of all analyms is estimated to be plus or minus one-half of the

_,last reported digit. That is, a reported 6.9 mg/l implies & concentration of between
-6.85 and 6.85 mg/L" A reported analysis of 0 mg/l indicates that analysis was made for

that constituent but the constituent was not found in concentrations greater than the

_detection limit. For certain ions the detection limit is listed.

5.3.2. ‘ Quality ot' the Groundwater .

" The chernical analyses made during this investigation are given in 'I‘able 5-3

and are arranged in order of sample collection. In addition to the analysis eonducted as

a part of this investigation, water quality analyses from several springs and wells in the
vicinity of the Pine Creek Mine are available in the published literature and from the
files of the California Department of Water Resources, southern distriet. Table 5-4
lists the available analysis. The sampled locations listed in both Tables 5-3 and 5-4 are

shown in Plate 1.

-The general chemical character of the sampled groundwater from the viein-

-~ ity of the Pine Creek Mine is fresh sodium~-chloride water and is shown diagrammati-

cally in Figure 5-5. This diagram is the combined field of a trilinear diagram similar to

‘that of Piper (1944). Also shown on Figure 5-5 are water quality data from cold and hot

springs and wells in the Long Valley Caldera to the north of the Pine Creek Mine, Red's |
Meadow Hot Springs adjacent to the Devil's Postpile National Monument, Keough Hot

-Springs 13 -km (8.1 mi) south of Bishop, and Mono Hot Springs and Blayney Meadows Hot
Springs, 29 km (18 mi) west and 24 km (14.9 mi) southwest of the mine, respectively,
‘near the terminus of California State Highway 168 (Figure 5-2). These data were taken
‘from sources shown on the figure. The locations from which these later data were
derived are listed in Table 5-5. Mole ratios of several major and minor constituents
from groundwater investigated during this study are listed in Table 5-6 for the ground— ,
waters listed in Table 5-3, _ , .

Lithologic control of the general chemical character of the groundwater in
the study area was previously alluded to and is shown in Figure 5-5. Sample clustering

on this figure indicates a definite separation in the chemical character of groundwater

from volcanie rock aquifers (Long Valley Caldera and Red's Meadows Hot Springs) and

‘basement rock (and basement rock derived alluvium) aquifers. Groundwater from allu-
vial aquifers derived from mixed basement rock and volcanic rock sources cluster »

" between the chemical character fields for the two primary sources. A large number of -
: . -additional samples would probably obscure these relationships. Groundwater Sample B
- from the warm spring group in & drift of the Easy Going adit at the Pine Creek Mine

also ‘plots between the groundwaters derived- from granitic and voleanic rocks.
Sample B was collected from an area of marble and quartz monzonite as was Sample C,

- a eold spring farther into the Easy Going adit. The higher percentage of Li+Na+K

relative to Ca+Mg for the warm spring is thought to be a eonsequence of increased
water-rock reaction due to the slight heating of the warm water or possibly thr

- .mixing of considerably hotter water with the local eold water. Keough Hot Springs Q

 and 10 on Figure 5-5), Mono Hot Springs (12), and Blayney Meadows Hot Springs (13)

- plot in & position considerably removed from the granitic rock source field, possibly due -
to increased roek—water reaction at the higher temperature. R o



86

T

Table 5-4
GROUNDWATER QUALITY ANALYSIS IN THE VICINITY OF THE
PINE CREEK MINE OBTAINED FROM A LlTERATURB AND
SR ' AGENCY SEARCH : .
TEMP- (Exclusive of geothermal areas) ‘ TEMPERATURE
LOCATION  ERA- R REF- °C Na-K-Ca
(date TURE  Ca Mg Na K Cl F  HCOy S0, NO, B 8i02 ER-  Geotherm- N
collected) °c mg/l mg/l mg/l mg/l mg/l mg/l mg/t mg/t mg/t mg/l  mg/l TDS pH ENCE mometer REMARKS
1 04S/20B-38RS1 10 9.2 07 6.9 06 03 02 45 3,3 0.9 — -19 683 7.6 Fethyetal, 10.7T Perennial spring
(11-8-59) - ' - 1964 along Sierra Pront
2 05S/30B-MES 8.3 6.1 0.9 6.8 0.1 0.2 0.1 34 3.2 0.2 — 20 55 6.5 Peth,etal, 18.2 Perennial spring
(11-8-59) : ~ : ‘ 1964 along Sierra Front
3 05S/30E-26HS1 “"Cold" 10.0 1.2 6.2 0.8 0.2 0.1 48 3.4 1.0 — 16 63 6.7 Feth, etal., 14.9 Perennial spring
(11-8-59) AR C 1984 . along Sierra Front
(same as Ainsley
g Spring (K)
4 osS/auz-mci — 620 6.0 23.0 3.0 7.0 0.3 48 178.0 1.8 0.00 — 343 1.4 Cal. DWR 27.3 Well in Rovana
(03-02-70) S - ‘ 1970 ,
S5a  06S/31E-20H1 = —  29.0 2.0 27.0 2.0 16.0 0.4 - 26 77 3.1 0.06 11.0 284 7.4 - Cal. DWR  31.0 Residential Well
(06-25-60) : : ‘ ' WDIS File  Ave. ‘
29.4
5b — 35.0 2.0 26.0 2.0 18.0 — 39 50 3.9 0.03 13.0 181 6.6 Cal.DWR 27.7
(02-09-61) S , : - _WDIS File
6a  06S/31E-21D1 ~—  39.0 3.0 9.0 3.0 14.0 0.4 33 57 1.0 0.02 — 210 7.2 Cal.DWR 27.3  Round Valley
(07-14-55) - ' o - : g WDIS File. Ave.. Sc¢hool Well (H)
SRR ‘ D : ~ 28.8
b — 40.00 3.0 14.0 3.0 140 0.1 27 74 4.1 0.02 18,0 282 6.9 Cal. DWR 30.4
(02-09-61) : ‘ - S WDIS File
7a 06S/31E-22B1 — 150 3.0 7.0 2.0 3.0 0.4 35 11 1.5 0.00 — 140 7.4 Cal.DWR 27.0 Residential Well
(07-14-55) ' ' - - WDIS File . Ave, (Possibly same as
: 18.6  South Schober
, ; Well; O)
() — 18,0 2.0 7.0 20 2.0 0.1 33 9.0 4.1 ©0.61 21.0 64 7.5 Cal.DWR 12.3
(02-08-61) ‘ : N U ‘ WDIS File |
8  06S/31E-23N1  -—  35.0 1.0 10.06 2.0 2.0 0.2 56 15 5.3 0.00 42.0 133 7.1 Cal. DWR 20.0 Residential Well
(02-09-61) _ ' : WDIS File T
9  06S/31E-26E1 ~ — 19.0 1.0 6.0 1.0 0.0 00 33 50 0.9 0.01 3.0 74 9.1 Cal.DWR 10.3 Residential Well
(02-09-61) o ‘ o WDIS File
10 06S/31E-31J1 22.2 14.0 0.0 21.0 1.0 3.0 0.5 45 4.0 0.0 0.00 — 145 7.3 Cal. DWR  24.1 = Residential Well
(07-14-55) : WDIS File
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. DATA IDENTIFICATION AND SOURCE

A - Gkﬁdévﬁter,&iﬁrpiés A through Q. This
- study, Table 5-3. RN

Mo Groundwa‘terk Samples 1 bt'hroughf 10,
» Table 5-4. . : LT

O -  Groundwater Samples 1 through 9, Long

. Valley Caldera Cold and Hot Waters,
~ Willey et al.,, 1974. Groundwater Sam-
_ples 10 through: 13, Sierra Nevada Hot
. Springs, Mariner et al., 1977, listed in
- Table 5-5. = -’ S

' SAMPLE CLUSTERING

A - Groundwater influenced by Constituents from
Mill Waste from the Pine Creek Mine and
Individual Chloride Sources.. ‘

B - Grdundwafer from Voleanie ‘Ro'c;k. :

c - ,Gl;dundwater from Granitic Rock and Alluvium-

. Derived from Granitic Rock. Some Meta-
“morphic Rocks Present. il L

D -‘Grbundwd'terfrom Mixed 'Grahitic Rock Allu-

-~ vium and Voleanic Rocks. : '

E - Hot Spring in Granitic Rock.

PERCENTAGE REACTING VALUES

T \ | , | FIGURE
Diagram Showing General Chemical Character of Groundwater
: From the Vieinity of the Pine Creek Mine : 5"' 5
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Table 5-5

NAMES, LOCATIONS AND TEMPERATURES OF NUMBERED SPRINGS

AND WELLS SHOWN ON FIGURES 5-5 and 5-6

~ Temperature -

‘-.-m

(ﬂ

_0)

No. Name B Location
1 Big Spring Campground : 02S/27E-25AS81
2 " Hot Spring, Little Hot Creek  03S/28E-13ES1
3 Geothermal Well Magma-Ritchie 03S/28E-32ES9
4 Hot Bubbling Pool  03S/28E-35ES1
5 Artesian Well near N.E. Rim - 035/29E-13C1
6 Hot Spring - ’ ' 03S/29E-21NS1
T Hot Spring SE of Big Alkali Lake 03S/2QE;28HS1 B
8 Hot Spring N of Whitmore Hot Springs 03S/29E-31AS1 .
9 Hot Spring W of Lake Crowley 03S/29E-34KS1
10 Keough Hot Springs 08S/33E-17FS1
11 Red's Meadow Hot Springs Unsurveyed
37°37'N,
119%04'w
12 Mono Hot Springs Unsurveyed
37°27'N,
119%1'w
13 Blayney Meadows Hot Springs Unsurveyed
37°14'N,
| 118°52'W
NOTE:

Numbers 1 through 9 from Willey, et al.,, 1974 and Sorey, et al., 1978;
Numbers 10 through 13 from Mariner, et al., 1977. ;
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5.3.3 Groundwater of .Round Valley and Pine Creek Canyon

Several of the analySes given in Tables 5-3 and 5-4 are not of particular use
in deseribing the natural chemical character of the groundwaters. The Round Valley

- School Well (H) and the Rovana Water Supply Well (F) were found to have chlorinators

upstream from the sampling point. . The South Schober Well (0) water sample was col-
lected from & polyvinylchloride pipe and the C-BAR-0 Ranch Well (M) had been
recently washed, presumably with dilute hydrochloric acid, which would also account
for the water from this well having the lowest observed pH (6.41). The unnamed resi-

. " dential well (5) in Table 5-4 also has an anomalously high chloride content and may not

be representative. The observed chloride anomaly in these waters account for & portion
of the segregation of these samples into a separate chemical character grouping from
the remainder of the groundwater from geologically similar sources as shown in
Figure 5-5. : Chloride concentrations in the aforementioned water are not sufficlently
high to show up in more than one of the chloride containing molar ratios listed in
Table 5-6. ThlS ratlo (SO\ /Cl) is probably influenced by the anomalous sulfate content.

Several of the groundwater samples collected from downstream of the Pine

. Creek Mine contain anomalous sodium and sulfate concentrations (Table 5-3: E, F, H,
© . M, and O; Table 5-4:. 4, 5, and 6). ‘Sodium sulfate brine is a waste product produced

durmg tungsten ore processing at the Pine Creek Mine complex. Until removal of this
waste product to subsurface’ disposal areas at Owens Lake began in 1973, the sodlum
sulfate contammg process water was added to the tailings stream.

Frgure 5-6 shows possible contours of sulfate concentratxon durmg the early
to mid-1960s (from Table 5-4) and for 1979.. A migration of sulfate conecentration
contours toward the mouth of Pine Creek Canyon .is suggested to have occurred from

" the early 1960s to 1979. This is believed to show a rapid rate of groundwater movement
‘through the alluvium of Round Valley as well as-a cleansmg effect of trucking the

sodium sulfate waste from the mine,. .-

) The Li/Na ratio (Teble 5-6) of the groundwater of most samples from Round
Valley show the marked influence of the abnormal sodium content introduced through
milling activity. The anomalous sulfate content is masked in the S04 /Cl ratio by the
abnormal chloride mentioned above. Because of the suspect nature of the sodium con-

“tent in these waters (Table 5-3: E, F, H, M, and 0), cation geothermometers cannot be

meamngfully apphed (Sectron 5.4.2, below)
5.4 GEOCHEMICAL PREDICTION OF AQUIFER TEMPERATURE

5.4.1 . Introduction

' | Geochemieal methods of estimating the subsurface temperatures at which
water-rock reactions have equilibrated have been developed by several investigators.

‘Basic assumptions inherent in the utilization of these methodologies have been provided

by Fournier, et al. (1974) and the techniques of estimating the subsurface temperature

" has been reviewed by Fournier and Truesdell (1974) and Fournier (1877). The subsurface
.~ temperature estimating procedures are the Na/K, the Na/K/Ca, and’ the s1hca geo-
thermometers. : ,
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Table 5-6

FROM THE VICINITY OF THE PINE CREEK MINE

' MOLE RATIOS OF THE MAJOR AND MINOR CONSTITUENTS IN THE GROUND‘WATE'RS

Ca Mg,;,2 Na Na Na HCO3 S04 E 402 B 02

Na Ca K L (o) RN o1 B o' | Cl
A 4517 5 8.50 482,93  4.11 7.17 0.8 46 0
B 25.52 0 38.27  226.37  5.55  6.28 0.53 59 0
C 51.00 19 17.01  226.37  3.08 4.46 0.55 14 . 0
D 44.20 11 19.13  181.10 4.9 6.43 1.71 80 0
E  11.60 38 63.17 1307.93 13.37  6.53 4.92 60 O
F 10.30 &8 31.30  3471.04  14.19  5.58 6.86 30 4.1
G  3.98 96 9.57 905.48  6.94 10.17 1.4¢ 17 0
H 13.11 9 23.04 2112.81 12,95 7.20 5.39 20 O
I 45.39 30  8.00 804.88  6.17 14.53 0.76 45 0
I 88.95 19 3.64  452.74  3.08  8.13 0.71 57 0
K 44.48 11 9.72  482.93  6.17 11.91 0.61 80 6.1
L 55.31 10 6.91 653.96  5.01 10.46 0.61 18  11.0
M 9.37 10 34.02 3139.03  14.07 4.59 7.45 16 3.7
N 23.72 15 11.60  348.26  7.71 10.46 1.12 37 1.5
0 32.45 13 18.55 1448.78  3.08  4.31 2.80 5 1.7
P 44.29 21 7.48  830.08  4.2¢ 9.59 1.38 11 3.0
Q 214 0.4  9.14  99.98  1.31 0.11 0.14 6 0.8
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5.4.2 Cation Geothermometers

Chemical geothermometers utilizing ratios of Na and K have been refined
since their inception in the mid-1960s. The most recent revision of the Na/K geother-
mometer was presented by Fournier (1979) and is expressed by the equation:

| _ 1217 o |
TC = mgweRi=Tags - 27313

where Na and K are in mg/L

The Na/K geothermometer reportedly works well for waters equilibrated from 150 to
200°C (302 to 392°F) and gives anomalously high results for waters in environments of
less than about 100°C (212°F) (Fournier, 1979). Table 5-7 lists the Na/K temperatures
for waters encountered during this investigation. Calculated temperatures ranged from

123.8 to 322.1°C (254.8 to 611.8°F). These temperatures are considerably higher than

the measured temperatures of the cold springs and are considered unreliable. The Na/K
temperature for the Easy Going Warm Spring is lower than the Na/K temperature cal-

culated for the cold springs as is that for Keough Hot Springs, Mono Hot Springs and

Blayney Meadows Hot Springs. The indicated equilibrium temperature of the Easy
- Going Warm Spring is below 150°C (302°F) but above 100°C (212°F) and therefore the
- geothermometer may not be applicable. However, -this suggests that heating of the
waters of the Easy Going Warm Spring above its discharge temperature may have
occurred.

5.4.3 Cation Geothermometers: Na/K/Csa

: The Na/K/Cs geothermometer was introduced by Fournier and Truesdell
(1973) to account for the anomalously high temperatures indicated by the early versions
of the Na/K geothermometer for waters equilibrating below about 100°C (212°F). Cor-
rections to the Na/K/Ca geothermometer have been suggested for partial pressure of
carbon dioxide by Paces (1978) and for magnesium concentration by Fournier and Potter
(1978). The applicability of the CO2 correction has been questioned by Mariner, et al
(1977). The Na/K/Ca geothermometer is based on the equation:

log (Na/K) + 8 log  Ca/Na) = gra—Toit—mse - 2.24

where Na, K, and Ca are in moles per kilogram.
‘B =1/3 for waters equilibrated above 100°C.
8 = 4/3 for waters equilibrated below 100°C.

The Na/K/Ca temperatures for groundwater in the Pine Creek Mine area -

that have not been shown to be influenced by human activity are listed in Table 5-7.
Temperatures for both 8 =1/3 and = 4/3 are given. Na/K/Ca temperatures for g = 4/3
- more closely approximate the observed temperature of the cold springs than do the g =
1/3 temperatures or the Na/K temperature. The f = 4/3 temperatures ranged from
13.4 to 37.1°C (56.1 to 98.8°F) for groundwater from granitic and metamorphic rock.
Figure 5-7TA is a plot of the Na/K/Ca temperature against the measured temperature.
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. S " Table 5-7. v
* MEASURED SPRING AND WELL TEMPERATURES AND ESTIMATED
AQUIFER TEMPERATURES BASED ON CHEMICAL GEOTHERMOMETERS
(All temperatures in °C)
& lon Exchange Silica Geothermometers
ek Geothermometers (Adjusted Silica)
3 g : :
= - . < Q
F 2 % =3 23 £ 3 i 2
1]
& & & i 2L & 6 I 2
A 12.3 2313 169.5 33.2 $8.1  25.8 9.2 -34.5
B 19.4  123.8 110.6 15.9 53.4 21.0 4.8 -33.5
c 7.6 175.3 1345 13,4 39.6 6.9 -8.3  -50.4
D 13.4  167.0 © 131.5 15.0 50.3 17.8 1.8 -41.2
E 83 NA NA  NA 4.7 121 -3.5 -46.0
F 12,7 NA N/A N/A- 830 205 4.3 -38.9
‘G 13.4  220.8  166.8  36.9 47.5  14.9 -0.9 " -43.6
‘H 12,8 - N/A - N/A - 'N/A - 55.7 23.4 6.9  -36.1
I - 15.0.. 236.8 172.5 34.6 85.5 33.5 16.2  -28.0
d 5.8 3221 204,10 318 S5.7 234 - 6.9 -36.5
K 13.9 219.4  162.9 30.4 523 19.8 3.7 -39.5
L 11,3 250.9  176,8 © 31.7 . S0.8  18.3 . .2.3. -40.8
M 11.6  N/A* © N/A. . N/A 83.0 - 20.5 4.3 =~38.9
N 10.7  204.6 - 164.6 47.4  94.0 . 63.5 43.7  -2.§
0 8.0 NA NA N/A 589 2.7 100 -33.7
P 1.8 243.2° 176.5 37.1 4.2 32.1 15,0 -29.1
Q - 51.4 80.9  108.4 82,1  T5.7  44.2 26.0 ~-18.9
. 10% 81 - - 98.9 102 75 9% 2 83 -
‘No. » ' R R ‘ g
12 45.5  1855.9 130 85 161 127 105. _—
:N‘o.' . L , o TR |
128 43 130.4 0 - 122 80 1o 81 62 -
N aE e
S 013%. 43 121.3 110 ST ~102 '+ 170 52 -—
o Method of Foumier, 1979. :
izMethod of I-’oumier and Truesden, 19735 Meg'neswm correction of Foumier and Potter, o
1978 ‘not applicable ‘dnd earbon dioxide ‘deviation noted by ‘Paces, 1975 1gnored on_
. aecount of Vlermer et al, 1877 am:! low coz content. R ‘ :
"._3Based on equationsm’!‘able 5- 9from Fourmer, 1977
4l."mm Marmer, et al., 1877; 10, Keough H.S., 11, Red's Meadow H.S., 12, Mono H.S., 13,
Blayney Meadows H.S. A S o ;
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The only groundwater for which the calculated temperature is below the observed tem-

' perature is the Easy Gomg Warm Sprmg. N

.4.4 Explanatlon of Cation Geothermometer Results

The above observatron suggests that either the waters issumg from the -

,warm sprmg are not equilibrated with the rock at the temperature of the warm spring,
or that mixing of two waters of totally different geochemical history has occurred.

Cation geothermometers for Keough Hot Springs determined for this “investigation

' - agree favorably. The geothermometers applied to the data of Mariner et al. (1977) are -
" reasonably -close for Keough Hot Springs, but are considerably different for Red's

Meadow Hot Sprmgs, Mono Hot Springs, and Blayney Meadows Hot Springs (Table 5-7).
This suggests that the waters of the Easy Going Warm Spring may have been heated to &
temperature below that to which the waters of Keough Hot Springs were heated, but -
possibly to a temperature as hlgh as that to whlch the other hot sprmg waters were
heated. . .. . S

 The dlscrepancy noted between the observed temperature and the Na/K/Ca

temperature of the cold groundwater. could be due to a general mixing of heated water

with the regional groundwater discharging as Sierra Frontal Springs or &' general heating -

~of all of the groundwater discharging from these springs. (The magnitude of the dis-
_crepancy between the -cation geothermometer. and measured temperature-is unlikely to

be accounted for by either of these hypothesis since spring J, which presumably consists
of locally infiltrated groundwater dlschargmg from & lateral moraine and has not passed

‘through the bedrock (Bateman, 1965), is also affected.) A more likely explanation is a
confirmation of the observations of Mariner, et al. (1977) that "in the Sierra Nevada,

cchanges in the (: Ca/Na) ratio (on which the geoth_érmometer is based) may be a. func-
tion of the total dissolved. sohds (as controlled by other’ phenomena) rather than the

temperature of the aquer. SRTI N

: 5.4 5 : Sllica as a Ba51s for Estlmatmg Aquxfer Temperature

The solubxhty of sihca minerals in water increase wzth an increase in tem-

b perature -Under natural conditions, silica minerals dissolve until a saturated solution is -
- formed many times faster than they precrpxtate from an oversaturated solution. Thus,
- a groundwater will dissolve silica minerals as its temperature rises, ‘but as the ‘water -
© . cools it will not rapidly lose silica from solutlon. ‘Because of these relations, the silica
"~ concentration of ‘a water can be used as a measure of the maximum temperature
. reached by the water (Fourmer and Rowe, 1966 Fournier, 1973) G o

The actual sxhca concentration of a groundwater depends on the partxcular' :

L ‘sihca mineral to which the' groundwater is exposed,.as well as the temperature and the -

" time available in whieh dissolution can oceur. In the fractured erystalline rock ground-
" water system of the Pine Creek Mine the only silica mineral which groundwater comes
_..in contaet with is quartz in the granitic and metamorphie rocks (Bateman, 1965; Posner-

.~ ..°1979). .In addition to quartz, groundwater: in'Round Valley downgradient from the ‘mine
. comes in contact .with several silica species where it is influenced by the Bishop Tuff, '

- notably chalcedony and cristobalite (Sheridan, 1975). 'Low concentrations of silica in
_‘groundwater are also controlled by weathermg reactlons of the srhcate mmerals durmg

,rock decomposmon (Feth, et al., 1964) o ST
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: The silica concentrations of groundwater investigated during this study were
determined in the field within an hour of the sample collection using a HACH Chemical
Company High Range Silica Test Kit. Field analyses were performed twice and the
average value was recorded in the field notes and is listed in Table 5-8. Variations in
the field analysis never varied by more than 2 mg/l1 (except for sample N, which varied
by 10 mg/l). Laboratory analysis was performed on water samples which had been
stored under refrigeration for up to two months. The silica concentrations determined
during laboratory analysis were consistently lower than the field determined concentra-
tion (Table 5-8). The ratio: field value/laboratory value ranged between 1.70 and 2.86
if the higher values of samples N and Q are excluded. The average ratio is 2.10.
Because of the narrow range over which the field/laboratory ratio varied, the person-
to-person variability of the field test method, and the reproducibility of the laboratory
method, the silica concentration used for tms study was adjusted by multiplying the
laboratory value by the average field/laboratory ratio (Tables 5-3 and 5-8) to obtain an
adjusted silica concentration.- As mentioned later and in the notes to Table 5-8, this
diserepancy in laboratory and field analysw ‘may be due either to polymerization of
sxhca or precrpltatlon of a silica species such as chalcedony. P

- - Figure 5-8 is a plot- of the adjusted silica concentratlon versus the tempera-
ture of the source from which the water sample was collected. Also shown are the
solubility lines for four silica minerals (quartz, chaleedony, a- and B-cristobalite)
extrapolated from data presented by Fournier (1977). All of the samples are over-
saturated with respect to quartz. The Easy Going Cold Spring and Keough Hot Springs
were undersaturated with respect to chaleedony. The silica determination for Keough
Hot Springs presented by Mariner, et al. (1977) shows this water to be oversaturated
with respect to chalcedony. Exeept for samples C and Q, each of the other samples
were also oversaturated with respect to chalcedony. Sample N (the North Schober Well)
is clearly oversaturated with respect to a-cristobalite, a possible reflection of the
Bishop Tuff aquifer from which it was collected. Sample P (Buttermilk Spring), from
granitic rock elluvium, is slightly oversaturated with respect to a-cristobalite and may
represent analytical error since only a field-determination is available for this sample.
Oversaturation of the samples with respect to chalcedony suggests that this species
may have precipitated in the geological environment from which the samples came and
could mean that this species may have precipitated during sample storage, which would
account for the discrepancy between field and laboratory analysis. '

5.4.6 - Silica Temperatures

Measured spring or well temperature and maximum temperature calculated
from the various silica species equilibrium relations are shown in Table 5-7 for the
adjusted silica concentrations. Equations used to calculate silica equilibrium tempera-
tures are given in Teble 5-9. Quartz temperatures of groundwater from granitic and
metamorphic rock terrain range from 39.6 to 65.5°C (103.3 to 149.9°F) and chaleedony
temperatures ranged from 12.1 to 33.5°C (53.8 to 92.3°F) (both exclusive of Keough Hot
Sprmgs) Chaleedony temperatures are closer to the observed temperatures of the cold
springs and are also more compatible with the Na/K/Ca temperatures. Figure 5-7B
shows the relatlonshlp between measured temperature and silica temperature.

Figure 5-9 shows the relationship between the silica species temperature
which is most compatible with the Na/K/Ca temperature (generally the chalcedony
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ADJUSTMENT OF SILICA VALUES FOR OBSERVED INCONSISTENCIES

wen  Fied Laboratory? o
or . ‘Determined . - Determined . - Ratlo: e 3
Spring Silica “Siliea Field  'Adjusted
Letter (mg/1) {mg/D . Laboratory . Si0,
A 15.0 8.2 - 1.83 17.3
B 16.5- . 1.2 .28 15.2
c 1.5 . 4.8 2.18 10.1
. D 13.5 6.8 2.04 13.9
E 10.5 5.6 ©1.89 11.8
F 13.5 . 7.1 1.90 S 15.0
G 13.5 6.1 2.21 12.8
H 16.0% .11 2.08 16.2
1 17.0 SR 1.0 21.1
3 17.0 S 1.1 2.21 16.2
K 16.5° R X T 236 14.7
L 14,0 . R X { o 2.08 4.1
M 13.0 7.1 1.8 15.0
N L o800 20 ] ‘ 42.1
o 24,0 | 8.4 2.86 17.7
P 0.4 =5 = 20.4
Q (44) 13 . 3.38 214
Aversge: - - 2.108%
Notes: » '

lReactxve silica by the ‘Ammonium molybdate method using occular comparator
colorimeter (Hach Chemxcal Company, Silica Test Kit, Low Range). .

Reactive siliea by Ammonium molybdate method using la.boratory eolorxmeter with

: comparison standards.

3Laboratory value multrplied by the. average ratio between field and laboratory value ‘

- 7(2.10)." Adjustment made because of apparent loss of silica through sample ageing. The

: ‘laboratory determined quantity is considered more accurate and field determined value
. is considered more precise. Values of silica content contained in the literature and file
- data, ‘l‘able 5-3,agree favorebly witn tne field determined values. ‘

448 mg'/l from cu DWB.-WDIS Wi, LT
,516 mg/l trom Cal DWR-WDIS me. ; s
- . 6Nc;t determined, :

sl 7Determmed by UsSGS (Marmer et u., 1979)
8

Does not mctude N,vP,A_or Q.
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EQUATIONS RELATING THE SOLUBILITY OF SILICA AS A
FUNCTION OF TEMPERATURE

~ Amorphous silica

B-Cristobalite

- a~Cristobalite

Chalcedony

Quartz

-

Table 5-9

Ty = 731

781

' T‘C 4.51 - log C

T, = 1000

1032

c " 489-lgC

1309
T"C 5.19 - Iog C

Where C is silica solubility in mg Si02 per kg water.

Source: Fournier, 1977

c*~T5-lgC

C-"478-log C

- 27315

- 273.15

- 273.15 -

- 273.15

- 273.15

11
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Silica Temperatures Versus Na-K-Ca Temperature
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temperature) and the Na/K/Ca temperature. A general clustering of samples A, 1, J, K,
L, and P occurs on this figure and on Figure 5-TA. Samples B, C, and D are isolated
from this clustering by differences in the Na/K/Csa temperatures. The higher Na/K/Ca
temperature clustered samples were derived from granitic rock alluvium (wells and

-springs in alluvium) and the cooler Na/K/Ca temperature samples were collected from

bedrock springs. This relationship suggests that the higher mineral particle-water con-
tact available in the porous alluvium as compsared to that of flow through fractured

- bedrock controls exchange reactions and may in part account for the deficiency of the

Na/K/Ce geothermometer noted by Mariner, et al. (1977) and quoted earlier. Because
of these phenomena, only the bedrock sprmgs—B, C, and D are used to apply mlxmg
models below. , . ‘ »

5.4.7 Silica Mixing Models

. Conceptual models allowing calculation of temperature and fraction of the
hot water component in & mixture of two waters of differing geochemical history are
presented by Fournier and Truesdell (1974), Truesdell and Fournier (1977) and Fournier
(1977). The mixing model thought to be applicable at the Pine Creek Mine (Model1 of
Fournier and Truesdell, 1974) is one where cold groundwater geochemieally similar to

- either eold spring C or D mixes with a hot groundwater to emerge as the Easy Going
" Warm Spring.” Thus, in this model it is assumed that the enthalpy of the hot water

component that mixes with the cold water is the same as the initial enthalpy of the
deep hotwater. This is expressed in the followmg equatlon (Fourmer and Truesdell,

1974):
where | w H cold = enthalpy of the cold water, '
PIh £ enthalpy of the presumed hot water source,

sprmg = enthflpy of the observed warm water, |

) jx fractxon of cold water m the mxxture, end .

ps ,"1 ~x= fractlon of hot water in the mixture. e

| The silica’ content of a water in contact with silica’ minerals is’ related to its’ enthalpy
o '(Fom)'nier, 197 3) and therefore can be used i ina smilar fasmon (Fourmer and Truesdell, -
-1974): ,

cold) (X) by (Slhot) (1 x) Slsp ing .‘:‘: qv 1
S Slh t = sxhca content of the presumed hot water FSmrrce, o
sprmg = sﬂzca content of the observed warm water, o
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x = fraction of cold water in the mixture, and
1~-x= fraction of hot water in the mixture.

Figure 5-10 is a graphlcal solutlon to the above two equations based on the
method of Fournier and Truesdell (1974) for two pairs of groundwaters: Springs B and C
and Springs B and D. This graphical solution to the mixing model shows that the tem-
perature of the hot water component may be in the range of 75.9 to 99.4°C (168.6 to
210.%°F). The model also shows that the hot water component may comprlse only 10 to
13 percent of the total flow of the Easy Going Warm Spring.

5.4.8 Hydrogen and Oxygen Isotopes: Stable Isotopes

-Analysis of the stable isotopes of hydrogen (deuterium; H? or D) and of
- oXygen (oxygen-18, 0'®) are reported relative to an arbitrary standard which has been
defined as Standard Mean Ocean Water (SMOW) (Craig, 1961a). The reported concen-
trations are in parts per thousand (per mil; o/oo) deviation () from this standard.

During evaporation and condensation in the hydrologlc cycle, water mole-
cules containing heavier isotopes are concentrated in the hquid phase. As water evap-
orates from the ocean, the vapor is depleted in D and O'® and therefore their values
are generally negatwe in waters originating as meteorie precipitation. The concen-
tration of D and O!® in meteoric water varies regularly over the land surface of the
Earth. A great number of measurements has shown that for meteoric waters not sub-
jeet to mueh reevaporatxon, 8D and §0!'® gre related by the Craig (1961b) meteoric
water expression:

oD =850 + 10

Other factors which control the D and O!'® concentrations are altitude, latitude, and
distance from the ocean.

When meteoric water enters a groundwater aquifer, isotopic as well as
chemical changes can oceur to the water. An enrichment in the O!® content of ground-
water has been reported for many geothermal areas (Craig, 1967) and is believed to be
due to & temperature control of exchange of O'¢ of the water for O'® of the silicate
minerals in the rock. Because of the low hydrogen concentrations of most of the rock,
the § D of the waters is relatively unchanged.

Deuterium and O!® enalysis of seleet groundwaters from the vieinity of the
Pine Creek Mine are given in Table 5-10. D ranged from -117.6 to -133.4 which is
consistent with deuterium concentrations reported for Sierra Nevada snow reported by
Friedman and Smith (1970, 1972). The range in § D reported by these authors for snow
samples collected from various altitudes along the eastern escarpment of the Sierra
Nevada have too great a range to allow estimations of groundwater recharge areas to
be made for this study. ‘ , ,

§0'® values ranged from -16.15 to -18.18 for the groundwaters investi-
gated. Figure 5-11 is a plot of BD versus 60la for groundwaters from the vieinity of
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Table 5-10

HYDROGEN- AND OXYGEN-ISOTOPE CONCENTRATION OF GROUNDWATERS
FROM THE VICINITY OF THE PINE CREEK MINE

Spring ‘ 18 .

or Date 8D §O

Well of sMOowW SMOW Tritium
Letter Loeation Collection 0/00 0/00 TU +1o
A 06S/31E-31RS1 12-9-79 -128.7 -17.74; 8.94 11.09

17.79

B 07S/30E-8CS1 12-10-79 -124.6 1701 33.44 #3.75
C : - 06S/30E-31RS1 12-10-79 -127.5 -17.28 25.28 :3.09
E 07S/30E-8AS1 12-12-79 -117.6 -16.15 —

F 06S/31E~-19G1 12-12-79 - -126.7 -17.12 37.81 :4.38
G 06S/30E-26CS1 12-12-79 -130.0 -17.79 —

I 06S/31E-27Q1 . 12-13-79 -125.2 -16.95 $5.31 +6.25

06S/31E-17B1 12-15-79 -125.1 -17.13 —_—
Q 08S/33E-17TFS1 12-18-79 -133.4 -18.18 —

NOTES: Deuterium and Oxygen18 analysis by Louis J. Pandolfi, Global Geochemistry
Corporation.

Tritium analysis by K. Roach, Teledyne Isotopes.

SMOW means "standard mean ocean water."
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| vthe Pine Creek Mine and for select thermal and non-thermal waters of the Long Valley
Caldera, and Red's Meadow Hot Springs, Mono Hot Springs, Blayney Meadows Hot
Springs, as well as Keough Hot Springs which was also reported in this study (Spring Q).

The waters of the Easy Going Warm Spring do not show a shift in §0!® from
that of the local meteoric water (Spring C) or the Craig meteoric water line. However,
neither do Keough Hot Springs (Q), Red's Meadow Hot Springs (11), or Mono Hot Springs
(12). A slight §0!® shift of 0.58 per mil was reported for Keough Hot S lprmgs and 0.20
per mil for Blayney Meadows Hot Springs by Mariner, et al. (1977). § O!® shifts of hot
‘waters of the Long Valley Caldera ranged from 0.78 to 2.68 (Figure 5-10) as reported by
Sorey, et al. (1978). The lack of a §0!® shift in the waters of the Easy Going Warm
Spring and the hot springs could be due to any of several phenomena. Possible explana-
tions are: 1) heating of the waters was not to a sufficient temperature to bring about
any significant isotope exchange; 2) water residence time in the aquifer was insufficient
to bring about exchange; 3) the rock was of similar oxygen isotopic composition to the
water; and 4) the fractures through which the water flowed were isotopically flushed.
Items 1 and 2 above are the preferred explanations.

5.4.9  Unstable Isotopes

, Tritium (H?® or T) is the unstable isotope of hydrogen. Tritium has a half-
life of 12.28 years and is reported in Tritium Units (TU) which consist of one tritium
atom per 10'°® hydrogen atoms. Tritium is produced naturally in the upper atmosphere
such that natural tritium is present in rainfall in concentrations of from 1 to 10 TU.
Tritium is also produced ertificially by the detonation of thermonuclear devices.
Atmospheric concentration of tritium was highest from the early 1950s through 1962
when they peaked and began to decline because of the banning of the atmospheric
testing of such devices. The concentration of tritium reached high levels in this period:
on July 2, 1963 the concentration in Lake Crowley, a few kilometers northeast of the
study area, was 420 TU (Leventhal and Libby, 1970). The highest tritium concentration
reported by these authors was for rainfall at Jasper National Park, Alberta, Cenada,
which was 8200 TU on July 11, 1963.

Tritium concentrations were measured for five of the groundwaters sampled
for this investigation (Table 5-10). The tritium concentrations are reported within one
standard deviation (1 o) and ranged from 8.94 to 55.31 TU. Each of these analyses
suggests that the spring or well from which it came has a major component of water
~ which was derived from precipitation that fell since 1950, though probably later. Other
than that a major component of each groundwater sample has been in the aquifer
probably much less than 30 years, no statements of groundwater age can be made. A
tritium concentration profile for precipitation in the study area is not available.

Sulfate concentration changes through time were reported above (Sec-
tion 5.3.3) to indicate a short residence time for groundwater in Round Valley. The high
tritium concentration in these waters (F and I) substantiates this hypothesis. A rapid
- aquifer or wellbore mixing of newly infiltrated water (post, 1973, high tritium, low
sulfate) with older water (pre 1937: low tritium, low sulfate; 1937 to 1955: low
tritium, high sulfate; 1955-1973: high tritium, high sulfate) may account for the tritium
effects but not the sulfate effects. The lower tritium concentration in Sprmg A sup-
ports a larger old water component in the Sierra Frontal Springs.
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‘The tritium concentration of the Easy Going Warm Spring (B) is higher than
the nearby Easy Going Cold Spring (C) and suggests that either a much hotter old water

'mixes with a large quantity of old cold water or that a younger water, essentially the

same age as the cold water, is rapidly heated to the observed temperature. The lack of
O'® shift mentioned earlier adds no information on this subject. R

5.5 A’ MODEL OF THE me CREEK MINE LOW—TEMPERATURE GEOTHERMAL
ﬁESOURCE . _ ,

5.5.1 . Summary of Data on’ the Easy Goug Warm Sprmg

: Data gathered durmg this mvestigatlon ‘has been presented in the prevrous
sections on its own merit, without detailed consideration of the integral workings of the
natural environment and with few interpretations offered. Chemical geothermometers
have been shown to yield seemingly conflicting results. The Na/K geothermometer and
the silica mixing model have shown temperatures of the Easy Going Warm Spring source

waters to be 124 and 94°C (255.2 to. 201.2°F), respectively. The Na/K/Ca geother-

mometer gives a temperature of 16°C (60.8°F), and the most probable silica tempera-"
ture is the chaleedony temperature at 21°C (69.8°F). The quartz temperature is 54°C

. (129.2°F) and is within range of the other geothermometers. - If the Gable Creek Spring
- is assumed to be a eold spring, the silica mixing model suggests a source temperature of

76°C (168.8°F). Thus, the chemical geothermometers show a possible range of source

~water temperature of 16 to 124°C (60.8 to 255.2°F), wrth a hlgher probabxhty for the
« lower end of the temperature range.» : »

Oxygen-le and deuterium analyses suggest that Easy Gomg Warm Sprmg has

. ’not been s1gmf1cant1y heated. Similar observations from hot springs in the region would

not allow: narrowing of the possible temperature range. High tritium concentrations

~ imply short aquifer residence times, which may not allow adequate time for the water

to be heated or chemical and isotopic equxhbmum to occur. REC ,
The only clear ev1dence found to differentrate between the hypothesis that

' exther-* 1) water ‘of the Easy Going Werm Spring was heated to a temperature -only

. slightly above the spring - temperature (19.8°C) (67.8°F); or -2) an unknown quantity of

- significantly hotter water mixes with local eold water to produce the Easy Going Warm
. Spring, is the similarity in the total dissolved solids content between the cold and warm
- waters. To retain the observed similar and low total dissolved solids, any hot water

" ‘component mixing with the local cold waters would have to be exceedingly low in total

. dissolved solids. This is likely only if the hot water component were condensed steam.
'Thi$ is improbable, and ‘is not supported by:oxygen-18 data: = the steam should be

- enriched in O'® and thus the admixed water would show & shift away from Standard -
. Mean Ocean: Water (SMOW) and.the meteoric: water line ‘(i.e., to the left -of

Figure 5-11). Thus, the hypothesis of local heating to a low temperature is preferred.

- This eould be brought about if the heat generation rate of the local rock were adequate

or by ecirculation of the groundwater to necessary depths as required by the local geo-

fthermal gradlent.

E -z5.5.2 Heat Generatlon and Loss

Wollenberg and Smith (1970) reported heat generatlon rates eclmvalent to 31 ‘
yr ') marble
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and clastic metésedimentary rocks of the Paleozoic pendants of the eastern Sierra,
assuming densities of 2.6 g/em® (162.3 lbs/ft ) twenty percent marble and eighty per-
cent clasties, is 9.9 eal m ? yr ® (0,030 Btu yd ® yr !). A heat generation rate of 21.8

cal m 3 yr ! (0.066 Btu yd ° yr *) was reported for granitics surrounding the pendant
(predominently the Tungsten Hills quartz monzonite) (Wollenberg and Smith, 1968).

- - The Easy Going Warm Spring system discharges about 200 liters per minute
(52.8 gal min*') at 19.9°C (67.8°F). If the average annual temperature is 4°C (39.2°F),
the warm spring system loses 6.27 x 10! cal yr ! (2.49 x 10° Btu yr !) to the water
draining the mine. This amount of heat would be produced by about 63 cubic kilometers
(15 mi®) of the pendant rock or 29 km® (7 mi®) of quartz monzonite. The pendant has a
volume of only sbout 8 km*® (1.9 mi®) and ean therefore not be locally providing all of
the observed heat in the Easy Going Warm Spring.. The low thermal conductivity of the
rock and unaccounted groundwater effects would require an even larger volume of rock
~ explained by deeper circulation. A model of the geothermal regime at the Pine Creek
Mine is presented below. - : : S : B

5.5;3 ~ _ Geothermal Regime of the Pine Creek Mine

, Lachenbruch (1968) and Lachenbruch, et al. (1976) presented heat flow and
heat production data for seven drillholes in granitic rocks in the Sierra Nevada not in
association with the Long Valley caldera. Four of these drillholes (ST, SJ, JB, and HC)
formed a transect aligned perpendicular to the axis of the range at about 30 km
(18.6 mi) intervals. These are herein plotted to show the fair correlation of geothermal
gradient with drill collar elevation (Figure 5-12). One of the drillholes (JA) was about
50 km (31.1 mi) north of the transect and agreed favorably with data from the transect.
The remaining two drillholes (THE and THW) are in the Tungsten Hills to the east of the
Sierras and within the present study area. Data from these two drillholes also agrees
with the collar elevation/geothermal gradient relationship. The regular increase in
geothermal gradient in grenitic rocks of the Sierra Nevada with collar elevation is
attributed to a regular pattern of relict heat flow and heat production in the plutonic
rocks from the prebatholothic source and the erosional history of the range. Lachen-
bruch (1968) presented a set of graphs showing steady-state limits for ecrustal tem-
peratures beneath the Sierra Nevada based on the aforementioned data (Figure 5-13).
These data can be used in conjunction with the altitude relation to approximate the
geothermal gradient at any station in the plutonie rock in the Sierra Nevada.

Based on the above regional model, the geothermal gradient at the Pine
Creek Mine should be between 15 and 18°C (43.5 and 52.1°F per mile) per kilometer of
depth. Assuming the lower limit of 15°C/km (43.5°F/mi), which is also the gradient
below the Tungsten Hills, a model of the geothermal environment at the Pine Creek
Mine was developed which accounts for the field observations and laboratory analyses.
This model is shown on Plate 2. ' ‘ : : '

Plate 2 is a cross-section through the Pine Creek Mine area from the sum-
mit of Mount Morgan to the drillhole on the eastern side of the Tungsten Hills (THE),
passing through spring C, B, D, and A and the western Tungsten Hills drillhole (THW).
Geologic features shown on Plate 2 were interpreted from maps and sections prepared
by Bateman (1965). The line of the cross-section (Plate 2) is shown on Plate 1. Atti-
tudes of relic bedding in the metamorphic complex and faults is approximate. -
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~ Plate 2 shows 10°C (18°) isotherms based on a thermal gradient of 15°C/km
(43.5°F/mi) and an average ambient temperature of 14°C (57.2°F) in Round Valley and
the Tungsten Hills. The measured rock temperature of 14°C (57.2°F) in the Brownstone
adit of the Pine Creek Mine was used instead of the 4°C (39.2°F) average ambient
temperature at the mine complex. The isotherms are extended across the Pine Creek
pendant syncline because of the indicated 14°C rock temperature.

As can be seen from Plate 2, temperatures of over 30°C (86°F) are expected

within the pendant syncline. The metamorphic complex is highly fractured and has

- probably developed a closed groundwater circulation system which may be confined by
the relatively less fractured and therefore less permeable granities. Circulation of
groundwater to a depth of from 500 to 1000 meters (1640.5 to 32.81 ft) within the
syncline is all that would be necessary to account for the Easy Going Warm Spring
(19.9°C; 67.8°F) and could also account for the slightly heated waters of the Gable
Creek spring (13.4°C; 56.1°F). Heating of snowmelt water, originelly at about 5°C
(41°F), infiltrated higher on the surrounding massif through direct circulation to the
Easy Going Cold Spring would account for the 7.6°C (45.7°F) temperature observed.

5.54 Conclusion

. Based on a geothermal gradient of 15°C/km (43.5°F/mi), economic resource
temperatures for utilization at the Pine Creek Mine would require drilling to a depth in
excess of 5.7 kilometers (18,700 ft) and would probably encounter dry rock. Investige-
tion of hot dry rock heat extraction techniques will be incorporated in the final report
to cover all facets of the geothermal resource potential on the Pine Creek site.. A
specific reservoir confirmation plan is outlined in Appendix B.
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SECTION 6
INSTITUTIONAL BARRIERS ASSESSMENT

6.1 INTRODUCTION

Governmental controls over geothermal exploration at the Union Carbide-
Metals Division facility site near Bishop, California are described in this section. The
following assumptions were made for this descmptlon- :

y 1. Al geothermal,exploratory drilling will take place on the site of the
existing mill.

-2 The purpose of the proposed pro;ect will be to extract hydrothermal
fluxd for direct heat application at the mill site. :

3. The temperature of the hydrothermal fluid at the wellhead is expected
to be approximately 250F. ,

4. No surface use of land beyond the site where the mill is located is
antieipated, with one possible exception involving the use of existing pipeline and
tailings ponds.

To determine which governmental controls Union Carbide must comply with if
it decides to initiate geothermal exploration at the mill site, it was first necessary to
determine the ownership of the surface and mineral estates at the site. It was con-
cluded that the patents which Union Carbide presently holds would in all probability
allow it to explore for geothermal resources at the site without acquiring a federal
geothermal lease or any additional private ownership rights.

Governmental controls with which Union Carbide must comply are those of the
California Division of Oil and Gas, the California Environmental Quality Act, the
Regional Water Quality Control Board, the Air Pollution Control District, and the Geo-
thermal Ordinance of Inyo County.

6.2 OWNERSHIP OF THE RESOURCE

The Union Carbide tungsten mill at Pine Creek is located within the Inyo
National Forest. To determine which governmental controls would apply to a geother-
mal operator at the mill site, Union Carbide's mineral and surface rights at the m111 site
and in the immediate surrounding area were researched. ,

6.2.1  Surface and Mineral Rights

Union Carbide's right to occupy the surface estate at the mill site and the
areas surrounding it and to conduct mining operations beneath the surface of these
same areas is defined by patented mining and mill site claims, unpatented mining
claims, and special use permits. A patent is a deed from the federal government which
conveys the legal title of public lands to the party to whom the patent is issued. By
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grantlng' ‘patents- to Union Carbide, the United States conveyed away its entire interest -
in the land. Union Carbide received legal title in fee simple. This title encompasses

. both the surface and mineral estates.

: Union Carblde holds Patent No. 1170240 and Patent No. 1170242, -which
were granted to it in 1957 by the United States. These patents include the land on

‘which the mill is presently located. They contain no reservatron of minerals to the.

United States.

: The Bureau of Land Management ofhce at Bishop, Cahfornxa mamtams the
Union Carbide patent records. These records contain no indieation that the federal
government reserved any ownership interest in the surface or mmeral estates in the
land patented to Union Carbide. : : : .

- The mill site at Pine Creek is surrounded by federally-owned land which is
part of the Inyo National Forest. If the mill site were located on National Forest land
Union Carbide could explore for and develop geothermal resources at the mill site only

-after it obtained a federal geothermal lease. The Bureau of Land Management has

statutory authonty to issue geothermal leases on all federal lands (Geothermal Steam
Act of 1970) :

* Because Umon Carbide has fee simple ownerslup of the surface and mmeral

estates at the mill site, it need not obtain a federal geothermal lease. . Applicable

governmental controls will be those imposed by the State of California on geothermal

: ‘operators drilling on prlvately-owned land wrthm the state. - These controls are dis-
~xcussedinSectlon63below.« : RS i i e -

6.2.2 - Water Rights ’ » o
The patents held by Union Carbide cont'ain”the t‘ollow:ingcondit'ions:
"That the premises hereby granted shall be held sub- -
©% jeet to any vested and:-acerued water rights for
" mining, egricultural, manufacturing, or other pur-

. poses, and rights to ditches and reservoirs used in'

‘connection with such water rights, as may be recog- .
-~ .nized and acknowledged by the local laws, customs,f
< f-and decisions of the courts. ..~ . .

‘Los Angeles County holds a power site ‘withdrawal whlch encompasses the

© area occup1ed by the Union Carbide mill eomplex (Norton, 1980). : Other vested water
- rights in the area may also exist. Numerous issues regarding the relationship between a
' %eothermal resource and surface and subsurface water systems have not been resolved

Olpin & 'l‘arlock, 1978) .
‘In Geothermal Kmetics, Inc. V. Union Oxl Co., 75 Cal. App. 3d 56 (1977),

- Cahforma appellate court determined that ownership of the mineral estate mcluded
3 ownershlp of geothermal resources. The resource involved was geothermal steam. The

evidence in the case convinced the court that the geothermal steam reservoir was

- completely separate and distinet from the ground water system. The parties were not
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- litigating water rights; the issue was whether the owner of the surface estate or the
mineral estate owned the geothermal steam resource.

In United States v. Union Oil Co. of California, 549 F. 2d 1271 (9th Cir.
1977), the Court of Appeals concluded that the federal government's reservation of "all
the coal and other minerals™ in land patented under the Stock-Raising Homestead Aect
of 1916 encompassed geothermal steam resources. The court did not accept the defen-
dant's contention that Congress must not have intended to reserve geothermal resources
to the government because homesteaders on the patented lands could drill wells and
develop springs. The court distinguished between geothermal resources and surface
fresh water supplies. As in the Geothermal Kineties fact situation, however, the prin-
cipal issue was whether reserved minerals included geothermal steam resources. Dis-
cussion of water rights issues was tangential. :

~In the Pine Creek fact situation, Union Carbide already owns both the sur-
face and mineral estates at the mill site. The geothermal resource, however, is liquid-
dominated. Union Carbide's rights to use of a liquid~dominated resource might be chal-
lenged by parties contending that they hold superior water rights.

California law contains a mechanism to resolve this issue. Publiec Resources
Code section 3742.2 provides for issuance of a "certificate of primary purpose” by the
Geothermal Resources Board. The board will issue the certificate when it determines
that & well which is producing or is capable of producing geothermal resources is pri-
marily for that purpose as opposed to being primarily for the purpose of produecing
water usable for domestic and irrigation purposes. The effect of the certificate is to
establish a rebuttable presumption that the holder has absolute title to those geother-
mal resources reduced to his possession from the well.

6.2.3 Surface Rights in the Area Surrounding the Mill

Union Carbide's surface rights on the Forest Service land surrounding the
mill site are defined by Special Use Permits issued by the Forest Service. It is antici-
pated that all geothermal drilling will take place at the mill site. Possible involvement
of the surrounding area is contemplated, however, with respect to disposal of cuttings
during the drilling operation. One method of disposing of the cuttings would be to use

existing pipes which run from the mill to the teailings ponds. These pipes could also be .

used during production tests of the supply well after well completion. The pipes and
ponds are )on land occupied by Union Carbide under the Special Use Permits (see
Figure 7-9).

The permits indicate that among the uses allowed are those connected with
mining, milling, and processing. Surface use contemplated for geothermal purposes is
closely related to these specified uses. Since the purpose of all geothermal activity at
the mill site would be to obtain geothermal fluid for direct heat application at the mill,
disposal of soil displaced by geothermal drilling would likely be "connected with mining,
milling, and processing." The United States Forest Service White Mountain Distriet
office has informally concluded that no additional Special Use Permit would be
required, although rewriting the existing permits to speclﬁcally authorize geothermal
surface use might be approprlate (Norton, 1980).
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6.3  PERMITS REQUIRED FOR GEOTHERMAL EXPLORATION AT THE EXISTING
MILL SITE

If it is assumed that Union Carbide, by virtue of the patents it holds at the
existing mill site, is the owner of private land within the State of California, the
corporation must comply with requirements imposed by state and county governments
on geothermal operators. Union Carbide must obtain approval of a Notice of Intention
to Drill (NOI) from the State Division of Oil and Gas (DOG) and also comply with the
requirements of the Regional Water Quahty Control Board, the local Au' Pollution
Control Distriet, and Inyo County.

6.3.1 California Division of Oil and Gas

6.3.1.1 ~ Drilling Requirements

- Prior to drilling a geothermal well at the mill site, Union Carbide must
file & Notice of Intention to Drill (NOI) with the State Oil and Gas Supervisor or the
District Director (CAL. PUB. RES. CODE §3724). A fee of $1,000 is required for
drilling an exploratory well of 1000 feet or greater. An additional fee up to a maximum
of $1,000 may be assessed for drilling in areas of unstable terrain (Stockton, 1979). The
mill site area might be considered an area of unsteble terrain by the DOG due to a
series of earthquakes occurring in the spring of 1980.

The State Oil and Gas Supervisor or District Director mustr respond within
ten working days in writing to an application for approval of an NOIL. Failure to respond
within the ten day limit is treated as approval of the program.

A $25,000 individual indemnity bond is required for the drilling, redrilling,
deepening, maintaining, or abandoning of any well. This bond is filed along with the
NOL The operator has the option to file a single bond of $100,000 to cover all of the
filer's operations in the state.

Although less costly bond requirements (CAL. PUB. RES. CODE § 3725.5)
are imposed on operators of low temperature wells, as defined in Public Resources Code
Section 3703.1, the well proposed for the mill site at Pine Creek would not be classified
as low temperature. The estimated boiling point of water at the altitude of the Pine
Creek site, about 7800 feet, is 195F. The estimated temperature of the geothermal

‘resource at Pine Creek is 250F. For purposes of the statutory definition of a "low-
temperature geothermal well," the temperature of the fluid from the resource must be
no greater than the boiling point of water at the altitude of occurrence.

6.3.1.2 Environmental Requirements

: Receipt by the DOG of an application for approval of an NOI triggers the
need for the DOG to comply with the provisions of the California Environmental Qual-
ity Act (CEQA). This act applies to situations in which & public agency proposes to
approve a discretionary project (CAL. PUB. RES. CODE §21080(a)). Assembly Bill No.
2644, enacted in 1978, designated the DOG "lead ageney" for purposes of CEQA for any
"geothermal exploratory project" (CAL. PUB. RES. CODE § 3715.5). The term "geother-
meal exploratory project," defined in Section 21056.6 of the Public Resources Code,
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means a project of no more than six wells which is chiefly undertaken to evaluate the
presence and characteristics of geothermal resources before beginning development.
The project must be located at least one-half mile from geothermal development wells
which-are ‘capable of producing geothermal resources in commereial quantities. The
proposed exploratory drilling at the mill site, if confined to six wells or less, would fit
within- this definition. No geothermal development wel]s _are located within one-half
mile of the m1]1 site. : _ - , R

= - DOG: may delegate its lead agency responsibility to a county which has
adopted a geothermal element for its general plan. Imperial County, however, is the

‘only county which has thus far adopted a geothermal element. As discussed in See-

tion 7.3 of this report, & joint geothermal element is being prepared for Mono and Inyo
Counties. DOG eould elect to delegate its lead agency responsibilities regarding geo-

thermal exploration at the Pine Creek site to Inyo County upon completion of the joint

geothermal element by the two counties, . -

Assembly B111 No. 2644 also unposes a tlme hmlt on the "lead agency, '
whether it is the DOG or & county to which the DOG has delegated these responsi-
bilities. The lead agency must complete its responsibilities under CEQA as lead agency

~within 135 days of receipt of a completed application for a geothermal exploratory

project (CAL. PUB. RES, CODE §3715.5). ‘This statutory time limit was designed to

o expedlte geothermal exploration. - Prior to passage of Assembly Bill No. 2644, proc-

essmg of environmental impact reports had taken up to one year (Nevis, 1979).

6.3.2  The Reglonal Water Quahty Control Board _

" The mlll srte at Pine- Creek is under the junsdlction of the Lahontan Region

, of ther Cahfornia Regional Water Quality Control Board. = This agency administers the
~federal Water Pollution Control Act and the state Water Quality Control Act. Before

beginning geothermal drilling, an operator must obtain a document entitled Waste Dis-

- charge Requlrements which will speclfy detaﬂed conditions pertinent to the pro;ect.

- Copies of waste dlscharge requlrements 1mposed on geothermal testmg
operators in ‘Lahontan Region were obtained. Waste Discharge Requirements formu-

- lated'in the 1960s, which have subsequently been rescinded, specified types and amounts
of various chemicals which the -operator could (discharge into designated areas. Cur-
- rently valid Waste Discharge Requirements are less detailed in nature, tending to indi-

cate instead where existing water quality must be preserved. An operator must a.lso
comply with monitormg and reporting requlrements. ' \ _ ,

:,6.3.3 The All' Pollutxon Control mstrict

The Great Basin Umfled Air Ponutlon Control Dlstnct has ]urlsdlctlon over

:the Pine Creek mill site. This local agency administers the requirements of the State

Air Resources Board. A geothermal operator must obtain an Authority to Construct

" and a Permit to Operate. Although several parties have begun the application process

- .regarding geothermal drilling in the Great Basin Distriet, no Authority to Construet or

7 Permit to Operate has been 1ssued thus far for a geothermal drlllmg project (Fryxell, -
o 1980) g ,
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6.3.4 The Geothermal Ordinance of Inyo County

Before any geothermal exploratory project may be carried out in the unin-
corporated areas of Inyo County, a conditional use permit must be obtained from the
county planning commission. This requirement is imposed by the Geothermal Ordinance
of the County of Inyo (Ord. 239 Section 1.20, 1973) which is analyzed in detail in
Section 8 of the First Quarterly Report on this project.

In view of the fact that the state extensively regulates geothermal drilling

activity through the Department of Oil and Gas, an argument can be made that a local
government's efforts to control this activity through legislation are invalid. An opinion
of the state attorney general examines whether the state has fully occupied the field of
drilling, operating, maintaining and abandoning oil, gas and geothermal wells (Opinion of
the California Attorney General, 1976). If the state has fully occupied, or preempted,
the field, the Inyo County Geothermal Ordinance is void. The Attorney General con-
cluded, however, that the state has not fully occupied the field, except regarding regu-
lation of the underg_r_ound phases of oil, gas and geothermal actmties. The conelusion

reached in the opinion is that loeal govemments may validly regulate the surface activ-
ities of geothermal operators.

The Inyo County Geothermal Ordinance is basxca;lly a regu]atory mechanism

directed at surface conditions. The ordinance would probably survive a challenge based.

on the state preemption issue.

6.4 SUMMARY AND CONCLUSION

The focus of this section of the Quarterly Report was on potential institutional
barriers which Union Carbide would encounter if it engaged in geothermal exploration
at the tungsten mill site at Pine Creek in Inyo County. Ownership of the surface and
mineral estates was researched. Following a determination that Union Carbide is the
fee simple owner of the surface and mineral estates on which the mill is presently
located, requirements imposed by state and local governments upon geothermal explo-
ration on private land in California were discussed. It was concluded that to drill a
geothermal exploratory well in Inyo County, an operator must obtain a Notice of Inten-
tion to Drill from the DOG, a Waste Discharge Requirement from the local Water
Quality Control Board, an Authority to Construet and Permit to Operate from the local
Air Pollution Control District, and a Conditional Use Permit from Inyo County.
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| SECTION 7 |
ENVIRONMENTAL FACTORS

71  PRELIMINARY ASSESSMENT OF ENVIRONMENTAL DATA BASE

, The first step towards & full assessment of the potential environmental impact
of using geothermal resources to run the Pine Creek Mine and mill facilities was a
review of the available environmental data base. The methodology involved in the
collection and assimilation of information for this report included three phases:
(1) literature search, (2) limited field investigation and (3) interviews. o

7.1;1 . Literature Search - - -
The literature ‘search consisted 'of»areview of brinted and unprihted' docu-
ments and maps relating to Pine Creek Canyon and the environmental resources in the
region. The literature review included research in numerous areas throughout the State
of California: San Diego, Los Angeles, Independence, Sacramento, and in the general
Pine Creek/Bishopregion. =~~~ e

" The results of the fiiterature"search were limited in extent and most of the
available data addresses the region rather than Pine Creek specifically. A fairly large

. amount of information is available for the areas farther north within the Forest Ser-

vice's Mammoth-Mono Planning Unit. That area is both more recreation-oriented and

- _more highly developed than Pine Creek Canyon; consequently, it has a larger data base.
" Pine Creek Canyon has historically been used almost entirely for mining activities. In
_recent years, it has served as a trailhead for growing numbers of backpackers traveling
into the wilderness above the canyon, however recreation has not been encouraged in

the canyon .itself. Since very little expansion of mining activities in Pine Creek Canyon
has been proposed since the passage ‘of ‘the National Environmental Protection Act
(NEPA) and the California Environmental Quality Act (CEQA) in the early 1970s, envi-
ronmental surveys and monitoring in the canyon have been minimal.- - = - - o

- 'The most useful document for this study was an environmental survey‘ report

-prep'ared by the U.S. Forest Service in 1971 (USDA, 1971). It covered the proposed
~ expansion of the tailings pond for the Pine Creek Mine and mill facilities and provided

an introduction to the resources in the area. It also identified some of the sensitive

‘issues involved in further industrial expansion in Pine Creek Canyon and made recom-

mendations for future management.

. A number of documents are available on water qué]ity in the fegion‘(Cali-

fornia, 1965; California, 1964; U.S. Department of Interior, 1979a). The State of Cali-
~ fornia has funded a number of studies because the water coming from Pine Creek and

surrounding areas goes into the Los'Angeles aqueduct. In addition, the Bureau of Land

Management ‘monitored water quality in Pine Creek Canyon after:two spills from the

tailings pipelines (U.S. Department of Interior, 1979) and the Union Carbide Corporation

keeps its own records (Union Carbide Corporation, 1879a,b). = = = "
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Written information on air quality, biological resources, archaeological
resources, land use, air quality and geologic hazards in the vieinity of Pine Creek is
scarce and largely of a regional nature. There are no known data on the ambient noise
levels in Pine Creek Canyon at this tlme.

7.1.2 Field Investlgatlon

The amount of field investigation was kept to a minimum during this phase
of the project. Since the only areas flat and large enough to contain potential geother-
mal wells are in the immediate vicinity of the existing tungsten mill and related facili-
ties, it was not deemed necessary that on-foot site-specific field surveys be conducted.
Instead, it is recommended that these be performed on the two selected geothermal
sites in a later phase. For the current study, recent color photographs were used
extensively as an introduction to Pine Creek Canyon along with numerous maps. The
project manager and the geologlst/hydrologlst visited the project site.

7. 1 3 e Interv1ews

»

Personal interviews were & partlcularly nnportant source of data and were
quite necessary due to the relative absence of an environmental data base for the ares.
The following agencies were contacted: U.S. Forest Service, U.S. Bureau of Land Man-
agement, University of California at Riverside, California Department of Fish and
Game, Great Basin Unified Air Pollution Control District, Great Basin Foundation,
California Department of Water Resources, Union Carbide Corporation, and the U.S.
Weather Service.

7.2 ENVIRONMENTAL ASSESSMENT

The next step towards a full environmental impact assessment of geothermal
development in the Pine Creek area was the preparation of an environmental con-
straints study. This step involved a synthesis of the available literature and interviews.
The object of the study was to ascertain any potential significant environmental effects
which might result from the use of geothermal resources to operate the tungsten mill
and if any significant constraints were found, to develop possible alternative measures
to avoid potential environmental effects.

72.1 Water Quality

7.2.1.1 Environmental Setting

- Pine Creek and its tributaries drain a small watershed on the eastern side
of the Wheeler Crest within the Sierra Nevada Mountains. The ereek has its headwaters
in a chain of lakes above 11,000 feet (3353 m) and flows 15 miles (24.14 km) to join the
Owens River. The Pine Creek Tungsten Mine and mill are located in the eastern end of
Pine Creek Canyon; there are three streams in the canyon which are in the vieinity of
the Union Carbide facilities. Morgan Creek enters the main eanyon from the north
above the mine portal and flows past the crushing plant and conveyors to join Pine
Creek just below the tungsten mill operations, Pine Creek runs the length of the main
canyon in a southeast-northwest “orientation and is sometimes dry during & few months
of the year when its headwaters are frozen. Gable Creek enters Pine Creek from the
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south side of the main canyon and is east of the Umon Carbide mining and mill

operations.

The Pine Creek Tungsten Mme is located in the Lahontan Region of the
California Regional Water Quality. Control Board (RWQCB). The mine has had two
spills in recent years, one in 1977 and one in 1978. The first spill, consisted of 300 tons

(272,400 kg) of finely ground rock tailings wastes, resulting in large quantities of sludge

in the Avena River. The second spill, consisting of concentrated sulphurie acld,
resulted in'a large fish and invertebrate kill. An inventory of the Pine Creek area in
1978 also noted that some sediment is being added from the river banks where the road
nears the stream (U.S. BLM, 1979). The effects of the tailings ponds have not been
thoroughly studied and the proposed project would not affect the ponds. However, at
some point, a quantitative analysis of the ponds' impact on water quahty should be
prepared. ,

The waters of Pine Creek are currently of excellent quality (Table 7-1)
and make up a portion of the water going to the Los Angeles/Owens River Aqueduect.
Insignificant levels of contaminants are contributed by mining and milling activities at
the Pine Creek Tungsten Mine. The contaminants include: turbidity, total nitrogen,

‘sulfate, sodium, and heavy metals. These are monitored by the RWQCB- contaminant

levels are usually below the maximum limit.

' Table 7-2 summarizes quarterly total nitrogen and total filterable residue
(turbidity) for 1975 through 1977 at three surface water monitoring stations near the
Pine Creek Tungsten Mine. The locations of these stations are shown in Flgure 7-1. A
detailed analysis of the exlstmg water quahty in the Pine Creek area is included in

Section Vof this report.

Union Carbide Corporation.currently monitors the three streams in the:
area (Pine Creek, Gable Creek, and Morgan Creek) every three hours for turbidity and-
pH value. In addition, a Union Carbide employee walks the length of the pipeline
between the mill and the tailings ponds every two hours looking for possible pipeline
breaks or spills. Potential contamination of the watershed is further protected by the

~ placement of concrete trenches beneath the pipelines to contain any spxllage. In areas
- where the collapse of snow dmfts mxght cause & pipeline break, the plpehne is enclosed

thhm special tunnels.

: - Umon Carbide Corporation momtors the three streams monthly for total
dlssolved solids, - sulfate, sodium, ammonia, pH value, chloride, total nitrates, total

_ filterable residues, tungsten, and molybdenum. Monthly and annual reports are avail-

able at the Pine Creek Union Carbide offices. Twice & year the water from Morgan
Creek is run into a large tub into which numerous fish are introduced This test venfies
that the clarifier is sufficiently removing the mud. .

"The quality of geothermal fluids associated w1th the potentml Pine Creek

s geothermal resource is unknown. It is anticipated that the quality of the resource fluids
_ would be hxgh because of the hlgh quahty of the warm sprmg waters in the mine. :

T



_ . Table 7-1

PINE CREEK

QUARTERLY RECEIVING WATERS
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0.11
0.42
0.45
0.36

thNHl

-N = Nitrogen

R-1 = Brownstone Bridge
R-3 = Tungstar Bridge
R-5 = S-turn

NS
16

39
NS
16
NS
NS
36
24
16
36

96
24

TFR = Total Filterable Residue

Total-N & TFR in mg/1

R_3 :

0.34
0.26
0.67
0.34

TFR

96
80
24
92

72

76
72

0.64
0.51
1.07

0.50

- 396

200

C272

286

296
276
248
236

316
185
252
312

304
248

96
268

216
263
144
228

Source: Union Carbide, "Evaluation of Total Filterable Residue and Total -Nitrogen in
Bishop Mill Waste Effluent, Receiving Waters and Springs, 1978-79."
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 Table 7-2

WATER QUALITY IN PINE CREEK AND A
LOCAL WARM SPRING :

PineCreek . 1962 - - Easy Going
, Below ~ Drinking 4 Warm
‘Brownstone Bridge Water Standards Spring (mg/1)

Total Dissolved ; : : '
Solids (Evaporation) 80 .~ 500 10

pH o 7.28 ST — 8.70
Li 0.008 = 0.012

K o S 0-7 L — ' 0.4

Ca o . 7.1 » — 4.0
Sr o 0.1 e 0.1
Ba 0.1 1.0
Al 0.3 . —
Zn 0.1 - B
Mn 0.0 - o.08
Fe | 0.08 0.31
B " 0.048 — |
sio, | B K R S 7.2
NH | v 0.05 — 0.12
27

4
NO3 . 38 45

HCO ¢ 38 - - 27
12 - 250" - 3.6

SO 4

F : L i 1.2 ’ 3.4 0.79
Cl S . 2.5 250 : 2.5
NOTES:

1. Recommended hmlts

2.  Mandatory limits.

3. ,Varles with temperature.

Source: - U.S. Dept. of Pubhc Health 1962
Public Health Publication 956, 1962.

<
< 0.1
< 0.3
< 0.01
<
<

A AN AN A A

0.01
< 0.01

3
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7;2 .‘1.2 v Potentlal Impacts/Constraints

S There are no potent1a1 water quality impacts whlch cannot be mitlgated—
or which would act as a constraint to the use of the potential geothermal resource in
the area. The identification of potentlal water quality impacts which could result from
use of the potential geothermal resource is dependent upon the chemical characteristies
of the geothermal fluid. Since the geothermal fluid characteristics are unknown at the

~ present time, specific potential water quality impacts cannot yet be determined.. It is

believed that the potential impacts would be similar to those associated with many of

- the water-dominated geothermal reservoirs: thermal pollution, hydrogen sulfide, heavy

metals etc. All water contammants are monitored and regulated by the RWQCB.

7.2 1.3 Mrtigatlon/Alternatives

| Mitxgatlon of water quality impacts would be brought about by follomng
waste discharge requirements of the RWQCB. The bulk of any dissolved contaminants

~would be reinjected with the fluid. Minor spills would be the only potential source of
" mput and would be mitlgated by cleanup operations, as necessary. ,

7 22 Brologlcal Resources

“No ﬁeld work was conducted for the bxologrcal constramt analysm. Instead,

~bxolog1sts familiar with the area working for the U.S. Forest Service, California Depart-

ment of Fish and Game, and the U.S. Bureau of Land Management were interviewed.
General familiarity with the study area was accomphshed through a large collection of
recent photos. :

}7.2.2.1 s Envrronmental Settmg e

 The Pine Creek Tungsten Mine is situated at an elevation of about 8000
feet along the eastern slope of the High Sierra Crest. The mine is located in a steep-

- walled valley at the juncture of Pine and Morgan Creeks. The vegetation in the vieinity
_of the mine within Pine Creek Canyon ‘is expected to be representative of the upper
- montane-subalpine . forest - formation: (Kuchler, 1977). = Predominant species would

- include Jeffrey pine (Pinus jeffreyi) and fir (Abies sp.). The project area is below elpine

forests dominated by Iodgepole pine (Pinus contorta var, murrayana) and whitebark pine

(Pinus albieaulis) (Rundel et al., 1977). .A number of trees on the hillside behind the

tungsten- mill have died recently, however, the exact cause has not yet been deter-

- mmed. - One poss1bihty might be the hydrogen sulfide emrtted at the nnll (Leys, 1980).

Photographs of the area- around the mine show declduous trees along the

creek. These trees are expected to be a combination of willows (Salix spp.), poplar

(Po ulus spp.), and possibly birch (Betula oceidentalis). Floral invenfories taken farther
wnstream also indicated the presence of sage (Salvia), alder (Alnus), and Wildrose

e (Rosa californiea) (U.S. BLM, 1979).  Much of the area about the mine Is very steep and
- rocky and devold of trees of shrubs. This includes the tailings ponds down the valley,
the 'areas around them, and the pipeline which carries the tailings. - The probable .
~ geothermal ‘well sites -at -the mine are generally flat, previously graded or dlsturbed o

areas whrch are completely devoid of vegetatlon. st
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Numerous sensitive plant species have been recorded in the vicinity of the
project area and generally along the east slope of the southern Sierra Crest. Most of
these species would not be expected in the area of the Pine Creek Tungsten Mine due to
the high amount of disturbed areas, rock type, or habitat type. None of these ’species
are expected in the flat, disturbed areas proposed for well sites. Two plant species
which prefer rocky areas and which may be found in the general vicinity of the tungsten

mine are Inyo penstemon (Penstemon ver. Egﬂlatus) end. Inyo lomatium (Lomatlum.

gdum)

The Cahforma bxghom sheep (Ovis canadensm cahformana) is Listed by the
Cahforma Department of Fish and Game as a rare species. 5. The Wheeler Ridge area
was rated as one of the best sites for transplantation of the species, and a portion of
one of the two existing herds in the Sierra Nevada was recently introduced into the
Mount Morgan-Wheeler Rldge area ]ust northwest of the Pine Creek Tungsten Mine
(Stefferude, 1980). _

-Two mine spu]s in recent years, one each in 1977 and 1978, have 51gmfi-
cantly impacted the fauna of the Pine Creek area. The first spill consisted of 300 tons
of finely ground rock tailings wastes. The second spill consisted of concentrated sul-
furic acid and occurred three weeks after the BLM survey. The latter spill caused a
large fish kill which extended down into Round Valley and killed large numbers of
invertebrates upstream. The invertebrates were expected:to recover quickly, however
there haven't been any official field surveys in the area to determine recovery from the
spills (U.S. BLM, 1979). Further studies should be conducted to determine the current
faunal level before approving any further mine projects upstream.

, There are currently two deer herds wintering in the vieinity of Pine Creek
Canyon. The Buttermilk-Elderberry and Sherwin herds have a wintering range near
Rovana, just northwest of the canyon.

7.2.2.2 Potential Impacts/Constraints

The placement of the geothermal wells and associated processing equip-
ment will not necessitate the loss of any natural habitat areas, as the entire operation
will probably utilize existing graded or disturbed zones. No offsite improvements are
planned which would necessitate habitat alteration. No rare or endangered species
listed by the U.S. Fish and Wildlife Service (USF&WS, 1979), California Department of
Fish and Game (CDF&G, 1978; 1979), or the California Native Plant. Soclety (CNPS,
1974) are expected to ocecur at the potential well sites.

- The geothermal operation at the site may be expected to produce minor
levels of air pollutants; however, these levels are expected to be masked by those from
the mine operation and would only occur during the initial well testing phase of the
geothermal program. Once the program becomes operational, no emissions are
anticipated. - . C : P

If the geothermal wells are drilled with air instead of drilling mud, as
anticipated, there will be no wastes generated during the well testing period. When the
wells are put into operation, the geothermal fluids will be reinjected. Water quality
will be monitored and regulated by the Regional Water Quality Control Board. Thus, no
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;7 2.3 _.2 z Potentlal I Jacm/Comtramw

significant water quahty—related biologlcal effects are expected from the use of poten-
t1al geothermal resources in the P1ne Creek area.

Noise from geothermal operations w1ll be notlceable during the pad con-
struction and well drilling phases. This potential impact is expected to be both tempo-
rary and all or partially masked by the overall mill operation. Once on-line, the geo-

thermal well will not necessitate the occasional expulsion or venting of steam. Such

venting has been necessary in some geothermal operations and can adversely affect
wrldllfe. - , v

AT The proposed geothermal component of the mine is not expected to
'adversely affect the California’ bighorn sheep (Ovis canadensis californiana) program

‘currently underway northwest of the mine in the Mount Morgan-Wheeler Ridge area.
‘Nor will the project have an adverse effect ‘on wmtering ‘deer herds in the general

reglon.

‘In summary," 1t is not expected that there- would be any blologlcal con-

stramts on: the development and use of two geothermal wells lf they are located in the

area around the m111 and mme operatlons. :

7 .2.2.3 i M1tigatxon/Alternat1ves

g Blologlcal concerns w1th the project as proposed center around air pollu-
tants and water quality. Both of these effects are expected to be very minor, with
water quality effects being controlled by the Regional Water Quality Control Board.
No specific rmtlgatlon measures w1th regard to blologlcal resources are recommended

at tlus time. -
1 2.3 No:se

1 7 2 3 1 Envrronmental Setting

Noise levels in the general project v1cmity reflect the natural forest

o settlng. ~ Ambient noise levels would be expected to be very low. Noise levels around

the tungsten mine and mill would be expected to be higher due to general industrial
noise, ears, and the initial processing of the rock from the mine (i.e., ore cars and
crusher), but would still be relatively low on an average.  The potential geothermal well

. sites are adjacent to the mine and mill operatlons, and norse levels at the sites would' be
: comparable to those about the mme and mlll. o i v )

The noise effects from geothermal operatlons are expected to be tem-'

E 'porary and noticeable only during the well drilling phase. . Union Carbide ‘employees and

travelers entering the adjacent wilderness will be impacted. Once the well is drilled

. and tested, the geothermal operation will be relatively qulet and will be masked by the
.~ noise of the mine and mill. Thus, no long-term adverse noise effects from the geother-
- mal program are: antlclpated The proposed process will not necessitate loud releases of
-steam as is the case in other geothermal resource areas.- Thus, no noxse constramts on
fthe geothermal operatxons are expected. R \ : e
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7.2.3.3. - Mitigation/Alternatives

Aside from standard muff]mg of drlllmg equlpment, no speclfic noise
abatement recommendatlons are deemed necessary. :

724 Geologlca.l Resources :

72.4.1  Environmental Setting

The Pine Creek Mine is situated in Pine Creek Canyon, which is carved
into the eastern escarpment of the Sierra Nevada Mountains. Operations at the mine
produce and process tungsten ore and other minerals from Paleozoic metasedimentary
rocks that make up the Wheeler Crest. Wheeler Crest forms a north-south ridge
between the main Sierra crest and Round Valley, the northern extension of the Owens
Valley, northwest of Bishop, California.

. 'The tungsten mill is located on a flat erea created through filling a por-
tlon of the canyon floor with mine tailings. Natural slopes on bedrock and talus sur-
faces in the vicinity of the mine are steep, generally con51derably in ‘excess of 50

percent. The floor of Pine Creek Canyon is relatively flat and is underlain by Quater- -

~nary elluvium. Rockfalls are common from the steep-sided canyons surrounding the
mine, resulting in numerous talus cones along the canyon walls. Rockfalls have always
been common in Pine Creek Canyon, however, this has not significantly interfered with
mine and mill operations (Brewer, 1980)

The nearest active fault to the Pine Creek Tungsten Mme is the Owens
Valley fault. This fault is considered capable of generating & maximum credible earth~
quake of Richter Magnitude 8.25, which at the minimum fault distance of 22 miles
(35.4 km), would result in groundshaking due to bedrock accelerations of about 0.32
gravity (Greensfelder, 1974Er Such bedrock accelerations are approximately equivalent
to a Modified Mercalli Intensity of VII (Table 7-3). Other active and potentially active
faults located within a few miles of the mine include the Sierra Nevada fault zone, the
Hilton Creek fault, and several other unnamed faults (Jennings, 1975). These faults
were not evaluated by Greensfelder (1974), although a few historic earthquakes are
recorded from this area.

7.2.4.2 Potential Impacts/Constraints

Geothermal development at the Pine Creek Tungsten Mine could be
impaeted by known geologlc hazards. The assembly and operation of a rotary drilling
rig in the vieinity of the mine is feasible only on the existing mill pad and on the flats
of the bottom of Pine Creek Canyon due to the steep canyon walls. Settlement of the
fill which makes up the mill pad is not likely to occur. However, movement of this
materlal, if it were to occur, could shear the well casing. ,

: Potential impacts from a geothermal operation on the canyon floor would
be minimal. However, the expected low temperature of the geothermal resource and
its distance from the mill may eliminate this location as a viable option. If the canyon
floor was used as a site for wells, there would be a potential for flooding along the
creek channel. In addition, rockfalls along the canyon walls could pose a problem. .
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' caused by the passing of light trucks.
Other effects: Hanging objects twing, } : ",

DooUsteadilys
" ring. Pictures thrown off walls, knicknacks and

© +1o0f “line. - Plaster, - loose -bricks. ‘stones, " tiles,
- ¢ cornices. . unbraced -parapets aad: architectural -

r e

U0 damaged. <

Table 7-3

THE MERCALL! INTENSITY SCALE
A{As modxf ied by Charles F. th.hter in 1956 and rmmnged)

If mose o/‘ rhese effecrs . N : then the
are observed o - intensity is:

- Earthquake shaking not felt. Bm people may
observe marginal effects of large distance earth- 4’
quakes  without identifying these effects as

- earthquakecaused. Among them: - trees, struc-
tures, liquids. bodies of water sway stowly, or
doors swing slowly /

" especiall yif:tmymindoors.andby&hoseon

. upper flocrs.

.. Effect on people Fe!t by most people mdooxs
Some can- estimate - duration of shaking. But

Effect on people: Shakxng feit by those at rest. } s

. many ‘may not recognize shaking of building as o |

"caused by an earthquake: the ;hakmg is like um

A

Structural effecrs: Windows or doors rattle.
Wooden walls and frames creak.

Effect on peovple: Feit by everyone indoors. \
Many estimate duration of shaking. But they still
may not recognize it as caused by an earthquake.
The shaking is like that caused by the passing of
-.-heavy trucks. though sometimes, instead, people

; may feel the sensation of a jolt, ;sifaheavybaﬂ }; v

" had struck the walls. :
“Other effects: Hanging objects swing. Standing -
autos rock. Crockery clashes. dishes ra:de o

glasses
Structural effects: Doors close, open or swing. )

‘Windows rattle. \

Effect on people. Felt by everyone mdooxs
~'and ‘by ‘most people outdoors. Many aow esti.
mate not only the duration of shaking but also
its direction and have no doubt as to its cause.
Sleepers wakened.

or pictures move. Pendulum clocks stop, start or

Other effects: Hanging objects swing. Shutters > Vl

clashes.: dishes rattle or glasses clink. Liquids
- disturbed, ‘some spilled. Small unstable ob]ects
: ~1dxsplaced or upset.

. Strucrural - effects: Weak phster and Masonry
T D* cmk Windows break Doors ciosc, open or -

.. change .rate. Standing *autos ‘rock. -Crockery '

frightened and un. outdoors Peopie wa!k ua-
ny Other . effects: Small chu:ch or school be!ls iy
2> books. -off - shelves.” Dishes or glasses -broken.
shaken visibly, or eard to rustle.

“- Structural effects: Masonry D® damaged: soms
- -cracks in:Masonry C*®. Weak chimneys break at

Fumiture moved or overturned. Trees, bushes > A vir ‘

- ormaments : fall. ;Co(nmxe irrigation  ditches

- noticed by auto drivers.

- ‘damaged. General damage to foundations. Frame

_ structures, if not boited, shifted off foundaticns.
7" Frames tacked. " Reservoirs ‘seriously - damaged
-7 Underground pipes broken. - -~

.. Effect on people: General Panic. -~ = \
[ -areas “of ‘soft ‘ground, sand s ejected through

; holes and piles up into 2 small crater, and, in o
‘muddy areas. water fountains are formed. : > X 5

" -bridges . destroyed. Serious damage to dams.
- .dikes and embankments. Railroads bent s!xshf-ly /

If most of thm qfects L ' then the .
are vbserved ' : intensity is:

Effect on people: Difficult to stand. Shaking \

Other effects: Waves on ponds; water turbid
wuh mud. Small slides and caving in along sand -
or gravel banks. Large bells ring. Furniture
broken. Hanging objects quiver, -

Structural effeces: Masonry D* heavily dam-

. aged: Masoary C* damaged. partially collapses in > vil
_'some cases; some damage to Masonry B®: none )

‘to Masonry A®. Stucco and some masonry wails
fail. - Chimneys, - factory . stacks, monuments.
towers, efevated ‘tanks twist or fall. Frame
. houses moved .on - foundations if not bolted- .
down: . loose panel walls &hrown out. Deuyed -
px!mg broken off. /

i7" Effect on people: General fnght. People thrown -
to ground.
- QOther effects: Changes in flow or temperature

of springs and wells. Cracks in wet ground and,
on steep slopes. Steering of autos affected
Branches broken from trees. .
Structural effects:. ‘Masonry : D* - destroyed: X
Masonry C* heivily damaged, sometimes with
complete collapse; Masonry B*® is seriously

-

Other effects: Conspicuous cracks in ground. In

Structural effects: Most masonry and frame
structures destroyed  along with “their founda-
tions. Some well-built wooden structures and

Effect on people: General panic . ;
- Other effects: ‘Large landslides. Wuer thrown'

.on banks of canals, rivers, fakes. etc. Sand and

mud_shifted honzont:ﬂy on beaches and flat xr

S and,
Effecr on people Feit bv mxyone Many are, \ sl

- Structural - effecxs Genetal des:mcuon of

L bmldmzs. Underground pipelines comple:e!y out J ’
-.-of service. Railroads bent greatly. . = E

.- . Effect on people: Generalpamc

- Qther effects: Same as for lntenmyx )
~ Structural effects:: Dtmage nearly to(al the \ x”' Co
wltimate catastrophe. - A

Other effecrs:  Large masses d:splaced
Lines of nzht and 1evel distomd Ob;ects thrown
into air.

e Masonry A: ‘Good vorkmnshlpmdmomr mn-

e L forced, designed to resist laters! forces.
* Masonry 8: C;«m'lf Mmkmanshtp and mortar, rein- - -
[

e \(uonry C: " “Good workmﬂup ind momr “une

- reinforced,

weak materiais. like adobe.

"= Masonry D: < Poor workmanship :nd mortar and -
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Potential seismic constraints include (1) the potential for ground shaking
if a large earthquake were to occur during drilling and (2) possible induced seismicity
from fluid reinjection during production level operations. Possible impacts such as
subsidence and fault displacement are not considered probable at the Pine Creek Tung—
sten Mine.

7.2.4.3 Mitigation/Alternatives

Mitigation of potential impacts which have been identified as possible
constraints to geothermal development at the Pine Creek Mine can be accomplished
through project plan and operation mode. Impacts due to flooding, rockfall, and well
casing shear can be minimized by drilling the well in a location that would avoid these
problems. One such location is on the floor of Pme Creek Canyon adjacent to the
tailings which make up the mill pad.

: Earthquake-mduced ground shakmg is not known to have caused serious
problems with drilling rigs in the past, even in the seismically active Imperial Valley. A
properly designed and installed rig should be able to withstand the highest probable
earthquake event. Seismiecity induced by fluid reinjection is a poorly understood phe-
nomena. However, evidence exists that alterations of the injection mode could be made
to reduce the impact if induced seismicity should become a problem.

7.2.5 . Climatology and Air Quality

7.2.5.1 Environmental Setting

, The Pine Creek Tungsten Mine is located at the western end of Pine
Creek Canyon, on the eastern slope of the Sierra Nevada. It is situated approximately
8000 feet (2438 m) above mean sea level (MSL), approximately 16 miles (25.7 km) east
of Bishop. The Sierra Nevada Mountains have a major effect on area climate: the
mountainous portions receive the greatest amount of rain and snow and snow accumula-
tions vary with exposure, topography and ground cover. The lower slopes and valleys
are arid (USDA, 1979a).

Local climatological data is available at the Bishop U.S. Weather Service
Office at the Municipal Airport, approximately 2.5 (4 km) miles east of Bishop. This
data is specific to the Bishop area, which is approximately 16 miles (25.7 km) and 2000
feet (610 m) lower in elevation than the project site. During summer and autumn the
Mohave Desert, about 150 miles (241 km) south, causes an early morning and late eve-
ning northerly wind; conversely, in the heat of the afternoon it causes a southerly wind
that is occasionally strong. Summer skies are usually clear with thunderstorms
occurring sporadically from May through August. The days are hot and dry and the
nights are cool. The average July temperature in Bishop is 76.6F (24.7C), the average
precipitation is 0.17 inch (0.43 em), and the relatlve humxdlty is 19 percent at 10 a.m.
and 14 percent at 4 p.m. -~

Winter and sprmg, although seasons - of adverse weather in Bishop, are

generally mild. Daytime temperatures average in the 50s (Farenheit), with nighttime .

temperatures in the 20s (Farenheit). The greatest amounts of precipitation oceur from
November through April. Strong northerly winds are common through February, March,
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: ,and Aprll. It has been reported that east and west wmds alternately flow through Pine
"Creek in summer and fall. In addition, during winter and spring, strong westerly winds
- flow at higher altitudes over the Sierra Nevada, creating the "Sierra Wave." The aver- -

age Jenuary temperature is 37.1F (2.8C); average rainfall is 1.20 inches (3.0 em), and
average snowfall of 23.2 inches (58.9 em). The relative humidity averages 49 at 10 a.m.
and 35 at 4 p.m. (U.S. Department of Commerce, no date).

The -National- Weather Service has not compiled meteorological data for

_.. the Pine Creek Tungsten Mine area. However, because of daily barometer readings at .
“the site eonducted by Union Carbide, pressure data is available. The lowest reading for

the area is 22.10 inches of mercury (561 mm), the mghest 22.90 (582 mm), with an

average of 22.60 (574 mm) (Brewer, 1980).

The -mine operatlon is located at the head of a box canyon. . Therefore,
winds generally do not flow over the site in either dlrectmn, but instead tend to swirl
within the area (Brewer, 1980). Hydrogen sulfide emissions have been observed for
distances up ‘and down the canyon (USDA, 1971; Leys, 1980). If the proposed geother-
mel program is approved, additional hydrogen sulfide monitoring should be conducted
prlor,to and during- the geothermal }operatxons. Monitoring should be conducted at
varying distances from the mill and mine operations as well as at several locations
w1thm the portlons of the John Muir Wuderness Area closest to the tungsten mill.

There are-two smokestacks in the project area. One emits hydrogen sul-
flde (H;S) and ecarbon dioxide (CO:); the other emits primarily sulfur dioxide (SO»).
Data has been compiled by Union Carbide for 1979 emissions of H.S and SO, (Figures
7-2 through 7-6). No ambient air measurements have been conducted for other pollu-
tants, however, it is expected that the amount of all types of emissions from the mill
are well below that allowed by State or Federal standards (Fryxell, 1980). :

: Air quality momtoring in- the area is provided by the Great Basm Air
Pollutlon Control Distriet located in Blshop. Monitoring of total suspended particulates
(TSP) has been conducted from mine locations around the Bishop area; the nearest
location to the tungsten mine is in Bishop. This information, mcludmg State and

- Federal standards, and days TSP exceed the standards, is found on Tables 7- 4 and 7-5.

; ~ In additlon to TSP, the Great Basm Air Pollution Control Distrlct has an
ozone monitor in Bishop and a earbon monoxide monitor at Mammoth Lakes. Limited -

' prehmmary data from these sites suggest no vio]atlons of standards for elther statlon .

ryxell, 1980)

The Pme Creek Tungsten Mme operatlon is currently entlrely dependent s

" on fuel oil for the production of process steam and on electrical energy for prime
~ movers. The processing mill operates 24 hours a day, seven days a week. Operational

- steam demand is 55,000 (24,970 kg) pounds per hour which is presently generated with
" packege boilers utlhzmg approximately 3.4 million gallons (12.9 million liters) of fuel
* oil per year.- The electrical demand of the facility is approximately 36 million kilowatt
~ - hours per year. Measures are avallable to determine amounts of pollutants emitted into

~ the atmosphere from these sources. If the proposed geothermal program proceeds, .

" current emissions from these sources should be quantified so that an assessment of air

1mpacts can be made at a later date.

- 107



L

W

WESTEC Services, Inc.

80T

4'0

3.5

2." 3

15}

1.0

1979 50, SCRUBBER PARTICULATE

MONTHLY AVERAGE (POUNDS PER HOUR)

1 ' 2 1 1 A 1

JAN FEB MAR APR MAY JUNE JUL AUG SEP OCT NOV DEC

FIGURE

— €

1979 302 Scrubber Particulate Montﬁly Average 7_2
H
e r— (; T

[ .




_ (F - [

C- .

.

|

S

r

N

. 4

1 20f

-‘»_0.0.......0.0.0“..0...00.....l...l‘lo'."..Q...".‘OO..O........

r:

\\\% WESTEC. Servis. i

100

90

(3]
(]

PARTICULATE, pounds -
= . B
O

30

10

80

6 6000060000800 00 8N
® 9 8600806000090 00090000
e e se 00D s0 00000

_0......0...0......000.....‘......O..CO.D.O0.0........O.'....O...Q

‘.....Q.......'......ll...........'0....0.......................'.

.C.O...‘00...........‘.....‘....Q...................0.0.....Q.l.l

'.....'Q....".".........‘..Q..’.......'..O."".'.‘O."..........

.......'....'...Q.................“.........O...l....'....‘.‘...

SO, SCRUBBER PARTICULATE
YEARLY EMISSION PROFILE 1979

80.9 1bs/day
.90 days

0000000000000 ccsns

®esesosceersvescese
o o0 0000 s 000000000
[ 20 3K BN K BN BY U N SN BN BY B BN BN B NN N 1

‘0.‘...0...'...0‘.‘

58.8 lbs/day
153 days- B , | -

..l,.........'.....~...I.....l..‘.....'b.."..

.‘000.‘.....l......tl.........0.."..........0
..;...'.........‘..'.....‘.‘................,
‘.......'.’.....'.’............'0....I...... o . -
l...l.l.'....'...I.‘I.....l.....0.......0'.. .
.............Q.........'..Q..'..O..l........' 4151bs/day

chooooooooo'oo.oooo.o.o-ooo0.00000.0.0000.. lzzdays

oooco-o-oooooocobooo':uooo.oooooo-oooooooooooo.oon.oo'no'o1-00511
00 00 0P 0PI 000 00000000000 80000E080 0000600000000 c0scssosssscssssssos
oocooo.ooo'ooovouooloo_o,oyoov_ooo_-o_oo}oooq_oo'a}oq_oo.lo,.v'o'oo"ocoooo'ooooaoooo
.o.ooooo..oocoooooooooooooooooo.oonoccoooooooo‘oooooooooooco.ocoo.o
oo.oo.oocoooouooooooooo-uoo.ooo.oooooccooo.-o.ooooooooooooocoo.oo
Nc.oooooocoootcbootco.oco.oococ-ooo.oootoo.o.ocoo.ooo.ooooo.ooo.f
oo.-o-.ooooooooootocooooo-.oo.oooo.o-oooocpooooooooooonooooo.oooo

.‘.......Q.........'.....’.‘...'.'.....‘......"-............‘...

0....'0...0.0.Q......0.000.000.l......0.0..0...0'.......‘..O.....

......'0..‘....Q....Q.......Ql....................0‘..........‘..

ﬂ.....‘l..........‘l'....l......‘.....I.Cl.........‘.l...0......G<

........‘.....Ql........'..........C...C..O....C...I.....’I.Ol...

.....'.........'........'........Q.......‘.'....‘.........I...... R
1 . ] -

o800 o183 128

" SO, Scrubber Particulate Yearly Emission Profile, 1979 _ — ;

109



- \\%DWESTEC Services, Inc.

4000

3500]e e

2000

1000 O 0 9 000 0000 000 C L0 OPLCEOPIPNOOPIOOPOIOESIBIOEBSOIEOIOGEEOCEDS

SO2 ppm

3663 ppm 802 SCRUBBER

L ]

LK I

2500] * '] 2263 ppm

***130 days

9 S0 e 00 04
oo 0000 o 0 4
® 0 008000 4
L d o000 000 4

o 000000 e

as00 100000 1588 pom

175 days

LR B B BN B N J
® 9 O 0000060000 0O OIBEO SOOI NIS NSO OSOSPOSCEES
S 0 00 0000000800000 0608000008 0000060600000 80 00

801 ppm

® 0 00 00060 0060000020 P G000 0000608060 00060008008O0FCS 146days

14 days | YEARLY SO, EMISSION PROFILE 1979

.......C..........‘..........‘.........O.I.........A..A‘........
...'............l'..............O...................;...‘.....
"500‘..0....'.........................‘...........'....‘........O.
GO D 050 6000080000 SONE SIS GO OSOES ...'...'..........Q.'..O.......n.'..
) ..............O.‘..........................‘...‘........’..’...
.......0.......0‘.......Q.'..........00......0.00‘0.’...0......

....0.....00..._.C.O....l..."'.t.IOQQQOO'QOQO...Q...ll..'......_

- 14 30 175

146

SO., Serubber Yearly SOZFEmission Profile, 1979

2

|IFIGURE

7-4

A

110

, —

T T

S

r-



" W

E"'

t@ﬂfi . r . r . r_ ¢ r-°

Services. lnC.'.,~ AT

5.5 __r

MEEN

3500

3000

1500

2500 o

1000} |

© 4000———

—

5(,)0 B

1979 SO, SCRUBBER SO, GAS

MONTHLY AVERAGE (PARTS PER MILLION)

~20d0f -

LN CE I . A 2 = Y . . i . 1

~JAN

‘FEB  MAR APR MAY JUN JUL AUG SEP OCT NOV

DEC

1979 S0, Serubber SO, Gas Monthly Average

FIGURE

7-5




=
[—]
[Te]
<
[~}
[—]
[~
lv
[}
[—
u
(3]
-
[—]
[~
[

2000

1500

st ppm

\\\% WESTES v

Jleeo e o4

o @ o o ¢
o 0 0 0 4
o ¢ 0o 0 ¢
o o0 ¢ 4
SRR
TYEX
oiood
o ¢4 0 4
LAE BN I
o o o o ¢
-
XEER
e o o o 4
XXX
o ¢ ¢ & 4
o 0 0 0 4
o o ¢ o ¢
o ¢ 0 0 ¢
o 0 0 0 ¢
2 0 0 o 4

o o0 0 ¢

* & o @ ¢

s o 0 o ¢

S006 ppm/30 days

2448 ppm/77 days

e o 00 000000000000
j* ® 60 00 0000000000000
0o o o 200000 0oV e o00o0 00 4
® o0 0600 000000000 e 9 s a
:..................I
6 ® 0 0000 0000000000000
i & © 060000000 0c0 000 009

jo 8 0 00 0000000 000 e o4

Peeecoscecsosccscnsccosvee

]

st SCRUBBER

YEARLY HZS EMISSION PROFILE 1979

1485 ppm/168 days

6 0 © 6 0 000000000000 00000 0000000000600 00000000000COCESCETDSE
® 6 0 6 006 08600000800 000 000020880 0500606 080000000009 000 000y
[0 0 0 00 0006 6060 000600606000 06006060608 05600606068 0680 0000060000000 009y
8 60 0 0000080 00 0600000060080 6080000000090 080606060000ss00s4d
® 0 0.0 8 00 ¢ 0000 OO0 000 0000 0 GO DOOLHO OO P OOOD OSSN OGS OGS DS
It © 6 6 9 00 0 0000600000800 060 6868000000500 6060000000800 009% 48004

700.0....0......l‘.'........c........D..l.l...'....

692 ppm/90 days

0 ® 60 00 000 000000006000 0000000080000 0000080000600 8900800000006 0000 080800

:.IO.......I..Q...Q....l'........0........'..................._....
.............‘..‘.'...‘...............'..............0............ K
.l.......'........‘...........Q..........Q..'.l‘.....:‘l.v.........
...O.......‘....................'I.‘..........‘.’.'...............

........l.'.................‘......“.............O.........."....

30

7

168
DAYS

90

HZS Scrubber, Yearly HZS Emission Profile, 1979

FIGURE

7-6

112

e e oo o e (‘ll”' r

r—



oo,y o rorrlrC oo rDo o roe o K. r

 Table7-4

' TOTAL SUSPENDED PARTICULATE CONCENTRATIONS - -

' - |numBer or | | NumBErROF | HiGH | Low | GEOMETRIC
STATION | 'monts: | sampLes | umd | um® | mean um?

) Coso Junctlon , e : : i : ; R :
: RestArea e 80 b 36 140 100 o

“|Lone Pine Airport | 75 ‘ - ;39 R 269 | w00 | 30 s B

‘LonePineViSltor e D ol I s SR = 1 5 Ly
Cente - | 55 | 0= | s | .18 ] 8

Bishop | 12 | s0 221 |4 | 3

Keeler " R 6 T “1,86_5“ 1 7 | see .‘

e

Mono Lake /H‘ans“éril : o | 0 sz o000 | 30 22

Mono LakeBinderwp | 7 | 1z | ;| s | . ez

Mammoth Airport - -| 3 | 22 400 8 | 54

Mammoth Fire Station| 3.5 | 18 | 226 | 19 | = e

*The Gedme‘tric”Méan for the'Ke'elér Station was computied on values for scheduled sampling dates only.

j u/m = micrograms per cubic meter

- National Primary Standard = 260 u/m®
National Secondary Standard 150 u/m
State Standard 100 u/m




Table 7-5
TOTAL SUSPENDED PARTICULATES

' STATE AND FEDERAL AMBIENT AIR QUALITY
STANDARD VIOLATION ANALYSIS

Did not exceed )
U/m® micrograms per cubic meter

X Did exeeed

260 150 100 i
oM u/m? - u/M* | ANNUAL GEOMETRIC MEAN
EXCEEDED| EXCEEDED|EXCEEDED| NPS NSS Ss
Coso Junection — -— 2 _— _ -—_
Rest Area
Lone Pine : .
Aijrport 1 1 2 — —_— —
Lone Pine
Visitor , ,
Center - — -— -— - -—
| Bishop — 4 6 —_— — —
1 Keeler 6 8 9 — — —
Mono Lake
Hansen -_— —_— 1 — — —
Mbno Lake
Binderup 2 4 7 X X X
Mammoth
Airport 3 4 8 X X
-} Mammoth Fire .
- Station —_— 5 8 X X X
'National Primary Standard (NPS) 260 U/M3
National Secondary Standard (NSS) 150 U/M,
State Standard (SS) 100 U/M
Annual Geometric Mean Standards =
National Primary Standard. (NPS) 60
National Secondary Standard (NSS) 50
State Standard (ss) 50

U
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Accordmg to en envu'onmental survey report submitted by the U.S.
Forest Serv1ce in 1971 relating to the Pine Creek Tungsten Mine operation, the "dis-
charge into the atmosphere (of pollutants) is. relatively light from the mill and does not
impart visually objectionable impurities. There is a definite sulfide odor which can be
noted for miles both up and down the c¢anyon. During windy periods, fine sediments are
lllg;elc)l from the tailmgs dump and pollute the air on a local basis before setthng (USDA

Few fishermen use Pine Creek due to 'the 1ack of campmg, picnicking and
resort facilities. It is estimated that the area usage is generally 100 to 300 visitor days
per year. -Recreation opportunities in the canyon center around travel into the John
Muir Wilderness Area just west of the.mine and mill operatlons. The Pine Creek Pack
Station, just south of the mill operations, provides pack service for about 250 wilderness

- travelers each season. Approximately 2250 backpackers leave yearly from the trailhead

near the confluence of Gable Creek and Pine Creek (USDA, 1971). These people are
currently impacted by the smell of hydrogen sulfide under certain weather conditions,
however, Great Basin Air Pollution Control Distriet has received no (complamts and has

o not felt it necessary to monitor Pme Creek Canyon (Fryxell, 1980).
72,52 Impacts/Constramts :

. 7.2.5.2.1 Emlssxon Sources

A1r pollutant emlss1ons generally are g'reatest during the pre-

: operatlonal phase of geothermal resource development, rather than during continued
* operations. The sources of pollutant emissions from each’ phase of the project develop-

ment and operatlons are dlscussed mdmdually below.

‘7.2.5.2.1.1 ’ Drill Slte Preparatxon

Production and in]ectron wells and related structures at the Pine
Creek site will be located on previously graded surfaces, eliminating the major grading
usually necessary for ‘drill site preparation. Therefore, adverse effects created by this
process, such as accumulation of fugltxve dust ancl susceptiblhty of the earth to erosion,

are not antlcxpated

e 2.5 212 . Wel Drllhgg

Durmg drllling, emxssxons from dlesel drxves on the dmlhng eqmpment :

o w1l1 release combustxon emissions (principally oxides of nitrogen and carbon monoxide)

that may create local pollutant concentrations. = 'Additional minor vehicular emissions
from drilling crew traffic could also be added to the local airstream if new workers do
not use the bus. .To quantify the amounts generated from these sourees, additional

- information would be necessary regarding drilling equipment utilized, the number of
.. persons included in the drilling crew, and their method of transportatxon to and from
“the ‘site (bus or mdivrdual vehicles), If a high level of H.S is encountered during

drilling, small amounts may occasmnally escape. - However, normal drllhng procedures

: generally do not create problems related to thxs emlssxon. s
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72.52.1.3 Flow Testing

The most probable adverse effect of the Pine Creek projeet on air
quality will occur during well cleanout; any noncondensable gases such as H2S may be
noted at nearby locations. Considering that only one mjectlon well and one production
well are enticipated at the site, the magnitude of this impaect is expected to be low. -

7.2.5.2.1.4 ~ Operational messmns

' ‘During operation of the geothermal system, amounts of H,S could be
emltted to the atmosphere. These amounts should be fairly low, due to the size of the
project. As previously mentioned, this emission is currently released at the site
because of the mine operation. Therefore, any addition would mcrementa]ly mcrease
the present levels. N -

A definitive source receptor analysis of hydrogen sul.ﬁde emissions is

possible beceuse of the definite source and low threshhold of odor nuisance. By

applying a Gaussian diffusion equation to & wide scenario of meteorological conditions
and input characteristics, the probable "envelope™ of potential st impeaet during well
flow testing could be defined. This would probably be necessary since Umon Carbide's
current monitoring is generally done manually. :

Any other increases anticipated to occur_because of electrical gener-

ation or combustion of fuels would need to be identified and quantified. Based on the
air pollution control district's air momtormg measurements of pollutants in the Bishop
region, and on air monitoring occuring at the site, & standard emission analysis should
follow. This analysis should include 1) total suspended particulates, 2) sulfur dioxide,
3) carbon monoxide, 4) oxides of nitrogen, and 5) total hydrocarbons. Any site-specific
pollutants, such as hydrogen sulfide, sulfur dioxide, or ammonia, should also be quanti-
fied, and compared with any State or Federal standards.

7.2.5.2.2 Local Impacts

Visitors to the surrounding wilderness area would be affected by any
increased air pollution emissions. Hydrogen sulfide would be the obvious offender, and
could degrade the quality of a wilderness experience. However, it should be noted that
some natural wilderness areas which exhibit or are near thermal features also have this
odor. As stated earlier, present discharge into the atmosphere is relatlvely light and
does not impart visually objectionable impurities. The sulfide odor is already present
and can be detected for miles up and down the canyon. The nearest urban center,
Bishop, is located approximately 16 miles due east of the mme 51te, sulfide emlssxons
are generally dispersed by this point.

The cumulative impacts of all emission sources is antxclpated to be

small, with the most serious impacts to aestheties in the surroundmg wilderness areas.
The impacts to air quality are neither unique nor excessive and would not act as a

constraint to the proposed geothermal project.
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7.2.5.3 Mztlgatlon/Alternatwes

o Although ‘the ‘projeet impact is small, especially durmg the operational
phase of the program ‘when ‘emissions are essentially negligible, ecertain specific actions

" will help minimize the air quality impact. Regular watering during any dust raising

construction, drilling and testing activities could reduce local dust levels. If the num-
ber ‘of vehicles traveling to and from the site during the site preparation phase is
anticipated to increase, then restricting direct access to the site, or preparing an oiled
access and parking area could reduce air quality impacts from vehicles. New employees
should be strongly encouraged to use the bus prov;ded by Umon Carbxde Corporation.

The fact that geothermal energy w111 replace energy generated by the
combustion of fossil fuels will result in a net air quality improvement. Average system
energy savings can be computed when more information is available regarding the
resource. In addmon, the total resulting emissions can be computed and compared with
current emissions if the project proceeds. Future mitigation measures may be neces-
sary and can be presented when the project is more fully deﬁned. SR

'7.2.6 . Vlsual Quality/Aesthetics

7261 : Environmental Setting

The project site is located at the western end of Pine Creek Canyon on

the eastern side of the Wheeler Crest, a north/south trending ridge: between the main

Sierra crest to the west and Round Valley (the northern extension of Owens Valley) to

‘the east. The existing tungsten mine is tunneled beneath the lower slopes of Mount

Morgan but-is not visible -on the surface except for the portals (mine entrances). The

_tungsten mill and related facilities are situated near the confluence of Pine, Morgan,
.~ and Gable Creeks. The Pine Creek Pack Station is just south of .the Union Carbide
. faeilities and trails into the John Muir Wilderness Area leave from three locations in

the vieinity of the Union Carbide operations.l The trailhead near the pack station- is the

- most frequently used trail (Leys, 1980).

* The Union Carbide Tungsten Mme, mill, and related facilities are located ‘

at the end of a road traversing the length of Pine Creek Canyon. This road begins at
" U.S.-Highway 395 approximately 9.3 -miles (14.9 km) north of Bishop. The portions of

Highway 395 both north and south'of the road to Pine Creek Canyon have been nomi-

‘nated as part of a scenic highway system for Inyo County. However, Pine Creek
‘Canyeon is not visible from Highway 395 because of its distance (approximately six miles
~ from the h1ghway to the easternmost portion of the canyon) and the intervening

ik »’ :‘topography. v

The road to Pme Creek Canyon passes through Rovana, 8 very small resx—

T ,dential area where Union Carbide employees live. The tungsten mine and:mill facilities-
- are-located at the western terminus of the road and are not visible from the residential

area or from any populated area or major road. ' The Union Carbide mine and mill
facilities are not generally visible from the road to the east until the last tailings pond

- ~ is passed or from the pack station to the south due to the nature of the topography,
~ forest vegetation, and the location of the road. The taflings ponds which settle out the
. mme and mill waste products and the pipelmes ‘which carry the ‘wastes from the mill

ur



and mine to the tailings ponds are highly visible from the road. The silver tunnels used
to encase the plpehnes in some areas to prevent breakage from collapsing snow drifts
are highly visible in the eastern end of the canyon, as are the steep slopes cut out of the
northern hillsides for the road and tailings ponds. These features are visible from the
surroundmg wilderness forested areas as well as from the road. ,

‘The Union Carbide Tungsten Mine, mill, and related facxhties are located
just north of Pine Creek and immediately west of Morgan Creek. A narrow dirt road
switehbacks up a steep slope just east of Morgan Creek to another mine portal. - The
appearance of the mill and office building area on the lower level is a startling contrast
to the natural seenery but is dominated and dwarfed by the surrounding mountain sce~
nery. The rock erusher building and conveyor tunnel located on the upper pad at a
higher elevation are far more dominant than the buildings at the lower elevation.
Numerous locations around the buildings are used for storage of parts and equipment
whlch are not aesthetically pleasing.

The mine, mill and related faclhties are expected to be \ns1b1e from -the
old mining road which is now a hiking and riding trail leading from the Pine Creek Pack
Station into the John Muir Wilderness Area. Another narrow dirt road leading to the
prevxously used mine portals at higher elevations on the east side of Morgan Creek and
any mining machinery left in that vicinity are probably visible to hxkers and packers

‘ v1sitmg Lower Morgan Lake and Mount Morgan.

A brief visual survey of Pine Creek Canyon during the winter season,
when snow covered many areas, prevented an in-depth reconnaissance to determine if
equipment stockpiles and mining debris are visible, If the proposed geothermal project
proceeds, the environmental document should include field surveys of Pine and Morgan
Creek Canyons and the lowest portion of the Gable Creek drainage, as well as the area
surrounding the mill. This would serve to update the environmental data base for the
area and would facilitate future momtormg of rehabitation.

7.2.6.2 Potential Impacts/Constraints

' The introduction of geothermal testing and production equipment into the
immediate area of the existing Pine Creek Tungsten Mine and mill would have an
almost unnoticeable visual impact which would be largely temporary. The geothermal
well would necessarily be placed somewhere on the existing pads of either the mill area
or the upper area pad around the mine portal and eleetric substation, where much
machinery already exists. Thus, the aesthetic impact would be insignificant. In addi-
tion, the drilling rigs would be temporary. From a close-up view, the transformation
could even be a positive effect if the wells were placed in areas now used for parts
storage or unpaved parking areas. There are no visual/aesthetic considerations which
would act as a constraint on the proposed project unless the wells were to be located
away from the existing facilities. _

7.2.6.3 - .. Mitigation/Alternatives

The presence of a drilling rig would probably be less obtrusive if loeated
on the lower pad area rather than on the upper area near the mine portal No other
mitigation is considered necessary. /
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| '7.2;7 S Land Use Compatlbmty

7_.2.77.12” Environmental Settmg
e 7.2.7.'1;1“',7' Land Ownershxp

The vast majorlty of land mthm a 14-m11e (22 5 km) radlus of the Pme’“‘

. Creek tungsten mine and facilities is publicly owned (Figure 7-7). Most of Round

Valley, the Tungsten Hills, and the voleanice tableland to the east are within the Owens
Valley Planning Unit of:the Bureau of Land Management's Bishop Resource Area (Fig-
ure 7-8). At least 82 percent of the public lands in this planning unit have been with-
drawn for special purposes, prlmarily the protectlon of the watershed for the benefit of
the City of Los Angeles. e _ v : S .

: The vast majorxty of land in Pine Creek Canyon and in the nearby viein-

; 1ty is under the jurisdietion of the U.S. Forest Service as part of Inyo National Forest,

though there are a few isolated portions of land under private ownership. Approxi- -
mately 20. 7 acres 8.4 ha) just below the former locatlon of Scheehte are owned by Inyo

* ‘The Forest Semce's Mammoth-Mono Planmng Unit (MMPU) encom-
passes 695 square miles (444,744 acres -or 180, 121 hectares) of land and water north of

~ Pine Creek. The MMPU includes the John Muir Wilderness Area, which surrounds Pine

Creek and Morgan Creek Canyons on three sides at higher elevations and includes Gable
Creek Canyon (Flgure 7-7). ‘This wilderness area is admimstered by the Inyo National

-,Forest offrce and reqmres a permlt for entry. e

The Pme Creek 'I‘ungsten Mill and related “facilitles are on prwately-

owned land w1thm the publicly-owned Inyo National Forest. Much of the associate

surface activities involve Natxonal Forest land under special use permxts, mmmg, and '
_mmsite clalms (Flgure 7- 9) B _ . .

Mmmg operatlons have dommated land use in Pme Creek Canyon since

1918, Early operations were situated in the hanging valley of Morgan Creek between = -
-~ 11,000 and 12,000 feet (3353 m and 3658 m), with access via the Rock Creek dramage I
.. and Morgan Pass. UnionCarbide Corporation acqmred an interest in the property in

1936 ‘and has since enlarged and improved the mining and milling eapacity. There may

be ‘previous mining and ‘processing remnants at the 11,000 foot (3353 m) level above

- Morgan Creek Canyon. : The steep narrow road leadmg to the former mine portal is sti].l

ev1dent. s

is now owned by Inyo County. Although the bulldmgs were removed, 1t is probable that - -

' ' some foundatlons st111 remain.
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. S A small area known as Scheehte, located almost nudway in Pine Creek
Canyon, prevrously contained a tungsten processmg plant and housing for Union Carbide - -
- ‘employees. “Although these have been removed, it is expected that this area probablyis
- still used for storage. - ‘Approximately 20.7 acres (8.4 ha)just below Scheelite were .
' prevxously used for a federal housing project c¢onstructed during World War II; the land © -
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Source:  U.S.D.A., Forest Service, 1971, Environmental Survey, Pine Creek
'Nngs;en Mine,,Union Carbide Comoration, Stage 1, February 10.
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e “Several tailings ponds are located adjacent to the road south of the mill
site. Other remnants of past mining actmty exxst in the area near the confluence of
Gable Creek and Pine Creek Canyons : : : : ,

‘The Union Carblde Tungsten Mme, mlll and related faclhtles are
located at the westernmost (upper) end of Pine Creek Canyon and dominate the land use
in that area. The tailings ponds and pipelines adjacent to the road are the first evi-
dence of mine aetivities as one approaches from the east. The Union Carbide offices,
the tungsten mill and its related facilities, and the parking areas are located just north

- of Pine Creek and immediately west of Morgan Creek at approximately 8000 feet. An

unpaved road leads up to the mine portals, the "easy go tunnel,” and the electrical
substation at about 9500 feet (2896 m) on the west side of Morgan Creek. In addition,
an unpaved road switchbacks up the hillside east of Morgan Creek to prevxously used
mine portals and facxhtxes at 11,000 feet (3353 m) ,

£ o Pme Creek ﬂows nearly year-round, however, few fishermen use the
creek because of the lack of camping, pienicking, and resort facilities. - Camping has

~been restricted in the canyon since about 1948 because Pine Creek was then the domes-

tic water supply for the residents in Rovana, just east of the canyon. Rovana no longer

_relies on Pine Creek, however, the restrictions have never been lifted. It is estimated

that the area usage is generally 100 to 300 visitor days per year. Recreational opportu-
nities in the canyon center around travel into the surrounding John Muir Wilderness
Area. The wilderness area is a popular one for hiking and back country activities. The .

~ Pine Creek Pack Station just south of the tungsten mill and related facilities generally
‘ provxde pack service for about 250 wuderness travelers each year (USDA, 1971) o

" The John Muir Wlldemess Area nearly surrounds the Pine Creek Tung-

: sten Mine and mill on three sides. It includes all of the land at higher elevations above

the rims ‘of Pine Creek and Morgan Creek Canyons-and most of Gable Creek Canyon.

" Heavily used by backpackers, it is a popular backcountry area. The Forest Service has

recently had to limit the number of permits for this wilderness area to 50 people per
day (Leys, 1980). At least 2250 of these annually leave from one of the trailheads in
Pine Creek Canyon (USDA, 1971), prlmarlly from the traﬂhead that follows Pine Creek
up to Pme Lake (Leys, 1980) ,

7.2.7.1._3 , Land Use Management

The U.S. Forest Service defines the. land use management goals and |

-pohcxes for the project site and all of the land immediately surrounding the site. The
- Mammoth-Mono Planning Unit's Land Management Plan includes a portion of the John
‘Muir Wilderness Area to the northwest of Pine Creek Canyon (USDA, 1979). The entire -
- Pine Creek Canyon area is within the Forest Service's White Mountain Ranger District
“within Inyo National Forest. The Pine Creek area, as well as the surrounding wilderness -
1and within Inyo National Forest, is currently covered by the Forest Service's 1872

Multiple Use Plan for Inyo National Forest.- Although this plan is still in effeet, it is

“currently being updated. The revised plan is expected to be completed by 1983 and will
: replace the Mono-Mammoth Plannmg Unit Land Management Plan (Suter, 1980) .

The 1972 Multlple Use Plan for Inyo National Forest noted that mining

'was the dominant land use in Pine: Creek Canyon at that time. It also noted that mimng

123



has effects on other resources and recommended restoration measures for mined areas.
The plan made a number of recommendations relating to land use management in Inyo
National Forest. It was recommended that the Forest Service should: 1) acquire &s
much private land as possible; 2) construet and develop trails and trail facilities; 3) con-~
struct day-use facilities at trailheads, such as the trailhead for the Gable Lakes trail;
4) prepare a recreational composite management plan for the Pine Creek water influ-
ence and crest zone; 5) eliminate unnecessary storage areas around the mines inside the
national forest; and 6) develop new tailings ponds which will be more easﬂy restored to
natural condltions upon closing of the mine (Leys, 198 0) : _ ,

7.2 g .2 Potential Impacts/Constraints

- The addition of a geothermal resource program to the immedlate vieinity
of the Pine Creek Tungsten Mine and mill would probably have no significant land use

‘impaets since this would merely be an extension of the existing industrial uses onsite. -

The existing land use plan for Inyo National Forest recognizes the presence of the mine
and has sought only ‘to improve rehabxlitation of the area; it has not proposed the
elimination of the current uses.

If the proposed geothermal well dnl]mg and testing pemod generates 8
substantlally larger number of people in the area than there are at present, the use of
the canyon for quiet activities such as fishing, hiking and birdwatching could be further
impacted. However, this would be a temporary effect and would diminish after the
testing period. ' It is likely that the geothermal operations onsite will hardly be notice-
able and will be far less significant then the existing mining operations.

The other potential secondary land use effects of geothermal production
relate to the presence of sulfurous odors during certain weather conditions and noise
intrusions into a wilderness area, and thus, the reduction of the quality of the wilder-
ness experience. However, it should be noted that many natural geologxc features emit
sulfurous odors and it is possible- that this odor might be present in the area even
without any manmade mtrusmns. o

In summary, there are no potentlal land use impacts which would act as a
constraint on the proposed geothermal program as long as the wells are on the existing
pads.

7.2.7.3 Mitigation/Alternatives

~ The proposed geothermal program would have the least land use impaects
if the wells were located in the immediate vicinity of the exxstmg mill and related
facilities on the lower level (8000 feet). ,

7.2.8 Archaeologlcal Resources

7.2.8.1 Environmental Setting »
The Pine Creek Tungsten Mine is situated at an ‘elevation of approxi-

mately 8000 feet sbove mean sea level along the eastern slope of the Wheeler Crest.
Located near the juncture of Pine and Morgan Creeks, the project site is within the
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upper montane-subalpine - forest: formation. Dom_inant‘ species include Jeffre_y pine

~ (Pinus jeffrey) and fir (Abies sp.). G

o The mill 1tself is situated ona man-made flat created by filhng a portion
of the canyon floor with mine tailings. = An adjacent hillside has been terraced to
accommodate mine faeilities.  Natural slopes surroundmg the pro;ect are steep bedrock
and talus slopes, frequently exceeding fifty percent. .

: The presence of a steady water flow, timber for shelter and constructron
materlal, and readily available food sources would have made the Pine Creek area &
suitable place for humean habitation and exploitation. The availability of large bedrock
outcrops in the vicinity of the tungsten mill that could have been used for millmg or
processmg food stuffs further increases the potential for aboriginal use..

A survey of available literature and record searches at the Universnty of
Cealifornia at Riverside and the U.S. Forest Service White Mountain Ranger Distriet
indicates that no known archaeological or historical sites are situated on or within three
miles at the project area. However, it should be stressed that no field survey has been
conducted within the project vieinity or on the Union Carbide property. It is possible
that although badly impaired by landform- alteration, unexamined and thus undiscovered

- sites may exist. It is also possible that the Pine Creek area possesses historical signifi-
cance as a technologrcal—hlstorical feature of the land. e ,

'I‘he lack of research and freld surveys in the area makes 1t dlfficult to

o estimate“the potential for archaeological resources. However, it can be generally
. stated that the native Americans who occupied the general project area in prehistoric

times were probably Northern Paiutes, a Shoshone-speaking.tribe. - Their two tribal
groups, the Mono Lake Paiute and Owens Valley Paiute, were nomadic and somewhat
dependent on seasonal food supplies. These two tribes have left tools and structures in
areas slightly to the north indicating at least 6000 years of occupation. In some of

~ those :areas, -the predicted archaeological site densities ranged as high as 51 sites per

square nule (U.s. Forest Serwce, 1979b; Heizer and Whipple, 1973, Powers, 1976)

,7.2.8 2 = Potential Impacts/Constramts

Unt11 a field survey is conducted in and around the project site, potential'

“‘i,unpacts to, or ‘adverse effects upon, cultural resources cannot be determined. Past
~impacts. to the landform may have: already destroyed ‘or badly impaired cultural

resources if they existed on the project site. Although it is possible that such resources

~still exist, the probability is relatively low given the degree of landform alteration.
. Nevertheless, further destruction or impairment of cultural resources would constitute
 adverse impacts.- Evidence dating from early historic mining and ranching activities are

-probably the most likely materials to be encountered, although prehrstoric material

could also. be present (Goggm, 1980; McCarthy, 1980)

e 17.2 8.3 }' Mitigation/Alternatives

To ensure that potent1a1 adverse impacts ‘will not oceur to cultural

) resources that may. exist on the project site, a series of data. recovery programs are

recommended. , Phase I should consxst of & 100 percent in-field systematlc survey of the
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entire project area and adjacent areas that may be indirectly affected. If the survey is
negative and no cultural resources are encountered, mitigation will be achieved through
report preparation and official review. This should include an analysis of the historical
~ significance of the area. The absence of resources will preclude the necessity for
futther analysxs or research.

Should cultural resources be discovered on or near the project area, miti-
gation can be achieved through: (1) full preservation of significant resources, (2) partial
preservation in combination with a data recovery excavation program or (3) full site
salvage and data recovery through an extensive data recovery excavation program.
Regardless of which Phase I mitigation program is pursued, the historical significance
of the area should be fully discussed. Any proposed mitigation program beyond the
Phase I field survey should be carefully coordinated with the State Office of Historie
Preservation, the Native Amerijcan Heritage Commission, and other involved agencies.

7.3 = KNOWN DATA SOURCES NOT YET REVIEWED

a " The Natelson Company, a private consulting firm in Los Angeles, is preparmg

a ‘joint Geothermal Element of the General Plan for Mono and Inyo Counties with &
specific element for each County which should be available by fall 1980. Environmental
statements which support the geothermal leasing program have been prepared by the
Department of the Interior beginning in 1973. The Bureau of Land Management State
office in Sacramento is presently reviewing those statements that pertam to Inyo
County, and will forward them to WESTEC. Additional data for the region as a whole
may be available from private companies in the ares, such as Southern California
Edison. A complete data search for the region would require much additional research
in the Bishop, Independence and Sacramento areas.

7.4 CONCLUSION

The environmental sssessment failed to turn up any potentially significant
environmenteal effects which might result from geothermal development at the Pine
Creek Tungsten Mine and mill sites. As long as the geothermal facilities are located on
the existing pads, no significant adverse environmental effects are anticipated. If the
facilities were to be located anywhere else, additional environmental research would be
necessary.

In order to meet the requirements of the National Environmental Policy Act
- (NEPA) and of the California Environmental Quality Act (CEQA), certain additional
environmental research would be required before any geothermal program could be
initiated. A biological field survey would have to be conducted during a snow-free
period, followed by a written report. The report would have to include an inventory of
- vegetative types, a discussion of high interest plant and animal species known or
thought to be in the immediate vicinity of the mine and mill facilities, and a notation of
areas with potential problems. The biological report could be tied in with a visual
survey of Pine Creek, Morgan Creek, and Gable Creek Canyons and the portion of the
John Muir Wilderness Area directly above and adjacent to these canyons. The visual
survey should note existing disturbed areas and the general health of the forest. Color
photographs should be taken of areas where numerous plants or trees appear to be
unhealthy or where there is a noticeable absence of wildlife. Yearly visual surveys, and
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possibly some biological reconnaissance, should be used to monitor any changes in the

"health of the forest for the duration of the geothermal program. There is already a

good deal of water quality monitoring in Pine Creek Canyon. This should be continued
and tied in with the bxologxcal and vxsual surveys to document possible impact areas.

: A full archaeological survey of all open areas around the mine and mill
facilities should be conducted. If no cultural resources are ‘encountered, the written
report will end the research. If cultural resources are discovered on or near the project

" area, there are generally a number of possible data recovery programs available. These

alternatives can almost always be used to mitigate potentla.l environmental effects to a
level of insxgmﬁcance.

An- quahty momtormg in Pme Creek Canyon and in the John Muir Wilder-
ness Area directly above the canyon should be conducted prior to and during the life of
the geothermal operations. - At the -minimum, - this monitoring should measure the
amounts of hydrogen sulfide and particulates. A ‘quantitative analysis should then be
made of the increased amount of various emissions as compared with the decreased
emissions resultmg from the’ ehmma'aon of a portlon of the fuel oil currently burned to

.. produce power. -
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SECTION 8
ALTERNATE SITE'S AND ENERGY SOURCES

8.1 INTRODUCTION |

: Insta.llatlon of a geothermal energy system described for use at the Pine Creek
complex was designed for a resource that would deliver fluid with a temperature of

121C (250F) at the wellhead. Due to the initial ‘geophysical interpretation of the sur- -
- - rounding area and geochemical analysis of local groundwater, reaching geothermal fluid
~ at this temperature may not be possible at Pine Creek because of the projected depth

to which drilling may be required to reach an economically viable resource. An exami-
nation of other local resources was undertaken to determine possible options for
replacing some portion of eonventional energy requirements at the Pine Creek tungsten
complex w1th alternate energy sources.

8.2 MONO-LONG VALLEY KGRA

A survey of alternative energy potentxal for use at the Pme Creek tungsten :
complex first evaluated the feasibility of transporting geothermal fluid from a known
resource. An sbbreviated map of Mono and Inyo Counties shows the proximity of the
Mono-Long Valley Known Geothermal Resource Area (KGRA) to the Pine Creek tung-

~ sten complex in Figure 8-1. This possible location for drx].hng geothermal wells to

supply energy to the Pine Creek tungsten complex is descrxbed in further detail below.

8.2.1 - ’I‘ransportatlon from Mono Long Va]ley

‘The closest’ resource to the mining and’ processmg complex is the Mono-Long

Valley KGRA which is- approxxmately 30 miles from the project site. . Considering the
~ high temperatures of brine in this KGRA at relatively shallow depths, the high tempera-
ture  geothermal  fluid has the potential of being delivered economrcally. The sur-
rounding topography of the eastern Sierras is the main complication in the discussion of

fluid transportation. Heat Josses over long distance transport are compounded by the

' expense of pumpmg fluid over the mountainous terrain to reach the mill srte.

Transport costs of geothermal brine decrease with mcreasmg temperature :

- because at higher temperatures the fluid contains a higher energy content per pound of
delivered fluid. The production plpehne will be insulated to prevent excessive heat
- losses and the pipeline may be burned in concrete tunnels pending further heat transfer -
Vand envrronmental analysis. e ; _ v :

The major cost of thxs project will be the plpelme from the KGRA to the

% Pme Creek tungsten complex, a distance of 34 miles if the pipeline route parallels
. existing roads. If required, a parallel reinjection pipeline will be laid’ concurrently with .
__ “the production pipeline which will reduce pipeline installation costs per foot of pipe. If
*- - possible, reinjection will be conducted on the Pine Creek tungsten complex to reduce ,
the large capltal expense assoclated w1th the addmonal pipelme. S u

Varxous parameters influence the economic V1abﬂ1ty for geothermal fluid

B i transport. Ideally, the pomt of end use should be located near the supply of geothermal
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‘ 4f1uyid', high temperature fluid shiduld be transported to'a"i’a'i"fﬁge concentrated market, and

the load factor for the geothermal system should be high. The unit cost of delivering
heat in large pipes to meet large demands is much lower than delivering heat in small
pipes. Large pipes are also attractive because they have a low surface area-to-volume
ratio which reduces the percentage of heat loss from each pound of fluid.

_ It is anticipated that a high year-round load faetor can be achieved at the
tungsten mining complex because of the industrial water requirements. The tungsten
mill normally operates 24 hours a day, 7 days a week, 365 days a year and the steam
requirements are fairly constant for the tungsten processing. If the geothermal system

~ is sized to handle the peak space heating load, the annual utilization factor should
“approach 40 percent. Fluid transport costs are primarily fixed costs with the exception
. of pumping expenses because the high initial capital expense of pumps and pipelines are

independent of the utilization of pipeline capacity. Although variable costs increase
slightly as the load factor inereases, due mainly to additional pumping costs, the unit
cost of delivered energy decreases as the load factor of system eapacity increases (see

- Figure 8-2) because the large fixed costs are spread over more units of production.

8.2.2  Reservoir Assessment

- The ,MonoéLongv Valley KGRA is & inajor exploratibn target of geothermal
development because of its recent rhyolitic volcanism and the hot springs and steam
vents in the area. Examination of exploratory wells that were drilled in the Mono-Long

~ Valley KGRA shows that five wells were drilled to a depth of 174 m-247 m (571~ 810 £t)

in T3S, R28E, Sec. 32. These wells had temperatures ranging from 157-181C (315-
358F) as shown in Table 8-1. At these depths, the pressure ranged from 7.5 to 39 psig,

| steam produced ranged from 19,000 to 69,000 lbs/hr, and the hot water produced ranged
from 233,500 to 473,000 Ibs/hr. The silica dissolved in the geothermal fluids suggests a
reser)voir temperature of at least 185-190C (365-374F) (U.S. Department of Interior,

82.3  SiteSelection

, _ An initisl Jocation for a drilling site was chosen within the Mono-Long Val-
ley KGRA in T4S, R28E, Sec. 3. This site was chosen in part for the minimal environ-
mental impact of geothermal development based on the Environmental Assessment pub-

* lished by the: USDA Forest Service as shown in Figure 8-3 (Rice, 1980). This project
site specifically allows drilling of deep geothermal wells, plant siting and other activi- -
- ties related to geothermal development. The prospective drilling site is approximately

three miles southeast of the area where the five exploratory wells have been drilled.

- This particular site was chosen for its proximity to successful geothermal wells and its

location adjacent to Highway 395, which will facilitate grants for right-of-way and
pipeline placement. _ : :

8.2.4 Tnstitutional Barriers _

The institutional barriers assessment for the final report es related to the

i Mono-Long Velley KGRA will address the following: -
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" Well Data:

~Pgble 8-1

WELLS IN MONO-LONG VALLEY KGRA

ENDOGENOUS 1

" Location: T3S, R28E, Sec. 32, 184 ft N, 655 ft E,

- from W Q eor.
Well data: -
Depth-192 m
Temperature - 178C @ 122 meters
- Flow information - 69,300 Ib/hr steam,
473,000 1b/hr water at 39 psig and
148C
Ph - 7.50

Sources: MeNitt 63, Witham 76

~ENDOGENO’US'2 |

Location: T3S, R28E, Sec. .32, 516 ft N, 431 ftE,

LA from W Q cor. -

Well data: : :

Depth - 247 m :
Temperature - 174C @ 122 meters ,
Flow information - 45,000 lb/hr steam,
233,500 lb/hr water at 38.5 psig, 181C
Ph - 8.61

Sources. MeNitt 63 Wltham 76 1

ENDOGENOUS 3

" Location: T3S, R28E, Sec. 32, 866 ft N,

159 ft E, trom W.Q Cor.

Depth-174 m
Temperature - 172C @ maximum

- Flow information - 19,000 1b/hr steam, 330,000 lb/hr _

~ water @ 30 ps1g and 157C

‘ _Sources- MeNitt 63, Witham 76
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Brine Data -
Constituent Concentration

Si02 . 278,
Ce 2
Mg Trace

- Na 236

- K 62

Li 4

Fe 5

Al 2

B 60

Cl 266

S0y 108

- Brine Data
- Constituent Concentration

- Si02 - 250
.. Na 375
K 45
Cl- 276

SO © 62

Brine Data
‘None Available



—

Table 8-1 (Continued) o
ENDOGENOUS 4 bl
Brine Data
Location: T3S, R28E, Sec. 32, 797 ft N, 884 ft E, Constituent Concentration L
from W Q cor. Si02 200
Well data: _ - Ca 4 §
Depth - 156 m Na : -~ . 308 i
Ph - 6.50 K 32 -
Temperature - Not Given Li .3
Noncondensable Gas in Steam - 0.87 percent B 1 g
by weight 98.64 percent of gas by wt. is - Cl : , 227 [
CO2, 1.36 percent HaS , SOy 96
I H,S 14 -
F a0 L
NHj .1
CO2 180 .
As .2 L.
MAMMOTH 1
Brine Data L
\
Location: T3S, R28E, Sec. 32, 1240 ft N, 3043 ft E, Constituent Concentration
from NQ cor. Si02 292 L
Well data: Ca 30
Depth-324 m Mg Trace
Temperature - 148C @ maximum Na 247 L
Flow information - 25,000 1b/hr steam, K 71
471,000 lb/hr water at 7.5 psig, 132C Li 3
Ph - 8.00 Fe 4
Al 1
B 49 -
Cl 301 ,
SO« 124 -
|~
Sources: MecNitt 63, Witham 76
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- CONSTRAINT LEVELS*

“GEOTHERMAL ACTIVITIES AND SLANT DRILLING INTO CYLIN-

< MLLOMED UNLESS SURFACE mrxn EMEM CAN BE MITIGATED.
(See footuu)

" MATER DEVELOPHENT
CPIPELING

" RANGE SEEGING

SURFACE OCCUPANCY FCR ANY CXPLORATORY OR DEVELOPMENTAL

DRICAL PHOJECTIONS BENEATH SURFACE ARE EXCLUDED UNLESS
SURFACE MANAGEMENT CONCERNS CAN BE NIHGAI(D.
{See Foutnote) )

SURFACE OC(:WANCV FOR ANY EXPLORATORY OR nemomnm
GEOTHERMAL ACTEVITIES ARE EXCLUDED UNLESS SURFACE
RESOURCE MANAGEMENT CUNCERNS CAM BE MIIGMEI)

{See footnote)

SURFACE OCCWMICI I.ml'l[ﬂ 10 unmoum orrm “MCLI
USE FOR SHALLOW TEMPERATUKE GRADIENT HOLES AND NON-
DESTRUCY IYE GEOPHYSICAL SURVEYS. SURFACE OCCUPANCY FOR
DEEP EXPLORATION DRILLING OR OTMER GEOTHERMAL ACTIVITIES
ARE EXCLUDED UNLESS SURFACE MANAGEMENT CONC(MS CAx BE
MITIGATED. (Sec Fnotllole) :

SURFACE UCCWMCI FoR M(P ORILLENG Anp 0‘0" EXPLORATION
MAONED EAST OF THE DASHED LINE BUT WITH OPERATIONS tIMITED
TO SEASONS OF SEPTYEMBER 15 THROUGH FEBRUARY 15 T0 PROJECT
SENSITIVE MILOLIFE, m[ss "lis( CM[MS on I! Nl"ﬁl“l)
(See Fmtmte)

SURFACE OCCUPANCY FOR DEEP DRILLING AND OTIER EXPLORATION
MLOWED, BUT REQUIRING THAT- ANY DLVELOPABLE GEOVHERMAL
RESOURCES FOUND BE UTILIZED 1N SUCH A MANHER THAT WILL
NINIMIZE ADVERSE EWVIROWMENTAL: SMPACTS. PLANT SITING NOY

SURFACE BCCWMC' FOR DLEP Bﬁlllmﬂ OTHER' EIHOM'I'IN
PLANT SITING, -AND OTHER B(OWEM AI’PURIEIMCES MD
ACTIVITIES MIMD

Footaote: To ‘wore full,y understand the conceras represenied
on_these maps and mitigation procedures, nore
detailed information is avaﬂabla in “hitigauan

" Pracedures for Environmental Concems o the
Geothermal Loase Area”.

* Al areas are a)io sudbject Lo other le«e terus and
conditions, applicable Jaws and regu.nlons and future
requlnd euvlrumennl mlysis.
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1. Since the alternate site is located on federal lands, leasing require-
ments and procedures for geothermal exploration on federal lands
should be discussed.

2. Ownership of surface rights along the transmission corridor between
the proposed well site in the KGRA and the tungsten mill site in Pine
Creek should be researched. ‘

3. Finally, governmental controls over surface use along the transmls—
sion eorridor should be deseribed.

8.2.5 .General

Environmental constraints of developing an alternate site for delivery of

geothermal fluid will be discussed in more deteil in the final report. An engineering

evaluation coupled with an initial economic assessment of all proposed project will also

be addressed in the final study report. Capital investment for drilling geothermal wells
“in the Mono-Long Valley KGRA could be reduced or eliminated if the waste heat from a
geothermal power plant is used for energy input at the Pine Creek complex.

‘Relocation of the tungsten processing plant to the Mono-Long Valley KGRA
could make the tungsten mill independent of conventional energy sources. A small
portable turbine-generator could generate electricity for the mill and the steam dis-
charge of the turbine could be used for the lower pressure requirements of the ammo-
nium paratungstate process. An additional well could supply the high temperature, high
pressure steam for the remaining steam requirements of the tungsten mill.

8.3 HYDROELECTRIC POWER AT PINE CREEK

The potential of hydroelectnc generated power at the Pine Creek tungsten
complex was investigated to determine theoretical and expected power output for a
micro-hydro system. In order to avoid serious institutional and environmental problems,
the initial evaluation was based on runoff from the water clarifier which discharges
6000-8000 gpm. Piping this water to some point at a lower elevation would necessitate
little or no stream modifications and minimal construction costs.

The power output is dependent on what portion of the aveailable elevation
gradient is used. The theoretical power that could be produced by a hydroelectric
turbine was evaluated for a number of elevation drops from the Pine Creek mill site

using the formula P.... = 62.4 Ibs/ft® x Qkh (Alward, 1979). A rough estimate for the
It%uctlon and a cost etimate of the penstock for the assoclated'

theoretical power p.
power output is shown in Figure 8-4.

: Conversion of .the power in the water resource to mechanical shaft work will
be less than predicted by theory as the equipment is less than 100 percent efficient.
Water turbines are fairly efficient (75 - 85 percent) in converting the energy in the
flowmg water into mechanical or electrical energy. Water wheels have typical effici-
encies of less than 50 percent. Other losses are incurred when transmitting power from
the water wheel or turbine to a generator, alternator, or some mechanical system.
Typical efficiencies for hydroelectric generation sytems range from 50 ~ 75 percent
with the higher overall efficiencies oceurring with the high speed, high heat turbines.
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The expected power output for an electrical generation facility with 65 per-

cent overall efficiency is shown in Figure 8-5. Using data from the topographical map
supplied by Pine Creek personnel, an estimation was made of the piping required to
obtain elevation drops at specific points. A first order epproximation for piping costs

at the site-specific elevation drops is plotted on Figure 8-5, allowing a comparison of -

the power produced versus the cost of penstock piping.

The available water flow without construction of & reservoir at the Pine Creek
complex is unusually low for commercial power production. However, a custom built

turbine and generator might be obtained if further investigation warrants the cost of
such a unit. Electricity produced in this manner could reduce the power consumption of
the tungsten mining complex during peak load hours. If further investigation appears to
be advisable, hydroelectric power production will be researched to & greater extent in
the final report. : '
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APPENDIX A

The method for caleulating heat flux from the office buildings and change rooms
is shown below. A detailed calculation for heat losses is shown for the mill change
room. Cross sections of a typical wall section is shown in Figure A-1. These heat flux
calculations were used in calculating the heating load on the buildings that would
replace current space heating with a geothermal energy source. Thermal properties and
resistance values of typical building and insulating materials were taken from ASHRAE
Handbook and Product Directory (ASHRAE, 1977). .

HEAT FLUX CALCULATIONS

WALLS

Uy = S/100 (Us) + (} - SIIQO) U |

U ay - average U value for building section

Ui = U value for area'between'framing members -
U, = U value for area backed by framing members

percentage of area backed.

Using values from Figure A2

20% framing typical for 2" x 4" studs

13.53,U; = 074 R_=6.91, U, = 1.45
20/100 (:145) + (1 - 20/100) .074

1

Uay
U

"

'} 2'
oy .0882 Btu/(heft“+F)

" WINDOWS

Flat glass, exterior, winter conditions

U = 110 Btu/(heft-F)
DOORS B

Exterior doorj, winter coﬁditions

1.25 in. thick

o U’ =28 Btu/(hr°ft2'.p)



CEILING

Coefficient for pitched roofs (see Figure A~3)

R, = 2.33, U; = 43 R_=6.71, U_=.149
10% framing typical of 2 in. rafters
U,, = 10/100 (.149) + 90/100 (.43)
- { ] 20
U, =402 Btu/(hreft“~F)
FLOORS
See Figure A-3
R, = 13.68; U, = .073, R_ = 11.74, U_= .085

* Typical 10% framing of 2 in. boards

Uav = .1 (.085) + .9(.073)
U, = .0742 Btu/(hrtt®F)
TOTAL HEAT TRANSFER COEFFICIENT
U, = (Uwa]ls x wall area) + (U door X door area) + (Ugring ow x window area)
+(U ceiling ¥ ceiling area) + (U, . X floor area) + (infiltration)

MILL CHANGE ROOM

Volume = 42 x 32 x 10.4 ft = 13843 ft°

Exterior walls gross

(42 £t x 10.3 ft)2 = 434
(32 ft x 10.3 ft)2 = 331
765 sq ft
DOORS

2@ftxTft)=42sqft
WINDOWS
5(3 ft x 1.5 ft) = 22 sq ft

- r—r— — r— r— —(—- —

3

c

r—-



r .

.

& K.

=

. Y ¥ K. §_ &K

EXTERIOR WALLS NET

765 -42 ~22 = 701 sq ft
CEILING

(29 £t x 32 ft) = 1856 ft>
2ftx32 ft=1344 £t

(701 £t% x 0.0882 Btu/hr£t%F) + (42 £t% x 0.28 Btu/hreft?F)

Utotal - _ ’
+ (22 sq £t x 110 Btu/hr-ft2F) + (1856 sq ft x 0.42 Btu/he-ft>-F)
+ (1344 sq ft  0.0742 But/hreft2+F)

Uy = 977 BturF

Total heat transfer from building + infiltration losses

Total heat flux .

n

(977 Btu/hrF) 60°F + 2.16 (13843 ft
Total heat flux ‘

8.85x10%  Btumr -

P
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v R VALUES FOR WALL CONSTRUCTION
 BETWEEN FRAMING - - - AT FRAMING
1’1 ouTsDE SURFACE 15 MPH WIND 017 . S 0T
-uzcoaaueamnsrasom - E -5
~3 12" PLYWOOQD 82 e e2
;1438 RN lNSULAT!ON o 1100 - : ' o
i 2 2" x 4" WOOD STUD" ' s - 438
6 SHEETROCK =~ | 48 i AS
. 7 INSDE SURFACE, STILL AR _ 0.68 o v " 068
L& " TOTAL THERMAL RESISTANCE (R) Ry = 13.53 “Ry= 6.91°
[ . . 2 . . ’
o/ PR T NS R,om_u.sou BTU/#? x h x‘F ‘U‘:a 148 BTU/M? x h x°F
R e WALL consmucno»x Ficure A-2




1 BOTTOM SURFACE STLL AR

3 R-11 NSULATION
4 2'x 8" FLOOR JOIST

5§ WOOD SUBFLOOR 75"
6 TLE
7 TOP SURFACE STLL AR

V4 6 FLOOR.
5
o
A . 2
L 1 45
RESISTANCE VALUES (ft? x h x’F/BTU)
- BETWEEN FLOOR JOISTS . AT FLOOR JOISTS
_ 0.61 - . 081
2 UGHTWEIGHT AGGREGATE PLASTER 047 047
S 1100 }
9.06
054 ~ 094
0.05 005
061 081
TOTAL THERMAL RESISTANCE R, 13.68 R, 1174
U = 073 U= 085
CEILING

INSDE SURFACE (STLL AR )
NOMINAL 2°x £'CEILING RAFTER
3/4" PLYWOOD

CORRUGATED STEEL ROOFING
OUTSIDE SURFACE (15 MPH WIND)

TOTAL THERMAL RESISTANCE (R)

FLOOR AND CEILING CONSTRUCTION

PITCHED ROOFS “(45 ANGLE) HEAT FLOW UPWARD )
" RESISTANCE VALUES (ft2 x h x°F/BTU)

BETWEEN RAFTERS AT RAFTERS
0.62 0.62
438
0.93 083
061 0.61
o.17 17
R,* 233 Ry 671

Uz 0.43 BTU/M? x b x°F Uz 0.149 BTU/M? x h x °F
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’ RESERVOIR CONFIRMATION PLAN

A potential low temperature geothermal resource was identifled at the Pine
Creek Mine based on observations by Union Carbide personnel of relatively warm water
springs inside the mine, by the mine's proximity to the extant Long Valley Known
Geothermal Resource Area (KGRA), and by the mine's placement by NOAA (1977) in a
potential KGRA. Hydrogeochemical investigations undertaken as part of this study
indicate three thermally and chemically distinct groundwaters, which have been used to
identify a potential geothermal reservoir with a temperature of up to 100°C (212°F) as.

_ the thermal component to the observed warm spring

Confirmation of a geothermal reservou' at up to 100°C (212°F), capable of pro-

viding thermal fluid to produce the observed warm spring, must be approached through

data acquisition closer to the anticipated resource. The reservoir confirmation plan
includes phased data collection programs that vnll allow feasxbxhty analysis of pro-
ceeding to each sequentlal phase. o

- Phase L Addmonal Geochemleal and Geophysical
Investlgations .

Task: Geoehemical studies of the individual diamond drillholes
and fracture springs which contribute to the Easy Going
Warm Spring system and identification of other ground-
waters in the mine which may have a thermal component.
Geophysical measurements in- the mine should include
heat flow measurements at various locations inside the
- Pine Creek Mine complex and thermal gradient measure~
ments at various locations in existing drillholes. Seismiec
monitoring should be designed and eonducted to reveal the
locations of faults and other anomalies.

Discussion: - 'Further geologieal studies will allow a refinement of the
entropy of the source reservoir. Heat flow and thermal
- - gradient studies will allow an estimate of depth to the
resource. Seismie monitoring may identify paths by which
geothermal fluids rise to near the surface. The results of
- the Phase I study will lower the financial risk of starting
’jthe investigation with the Phase II study

~ Cost Estimate: Geochemistry T ' ' $20,000

T * ’Heat Flow and Temperature Gradxent - $25,000
Seismic Monitoring - ‘ © . $15,000
TOTAL o © o $60,000

B-1




Task: |

. Disecussion:

Cost Estimate:

Phase II. 'Exploration Drilling.

Drilling a small dlameter intermediate depth range hole
(600-1000 meters) (1968.6 to 3281 ft), performing bore-
hole geophysical measurements and monitoring geochem-

. istry of fluids encountered. Borehole geophysics should
~include induced current and gamme ray logs to indicate
lithology, density and neutron logs to indicate porosity,

and radioactivity logs. Temperature surveys, fracture
frequency and orientation logs should also be conducted.

Slim hole investigations will allow prediction of the depth
at which usable temperatures can be achieved. Fluid pro-
_ ductivity of rocks in the intermediate depth range will be
determined and will allow projection of these parameters
to reservoir depths. Initial understanding of the ability of

the rocks to receive reinjected fluid can be evaluated.:

. Geochemistry of recovered fluid samples mayallow a

' refinement of reservoir temperature. This phase will

reduce the risk of drilling a production diameter and
depth drillhole.

Move-on Costs $ 12,000
Drilling (1000 m) $175,000
Expendable Materials (casing, ete.) $ 25,000
Data Analysis $ 12,000
TOTAL , $224,000

Task and
Discussion:

Phase IIL. Drilling and Test Production Well

The production diameter drillhole should be drilled to the
depth indicated in Phase II. Well completion should be per
appropriate regulations, leaving the production zone
chosen during drilling uncased. Perform borehole geo-
physies as in Phase I and run short duration production
tests to determine feasibility of continuing project.

Determine bottom hole temperature and meke estima-.

tions of fluid productivity. If appropriate, proceed to
next phase.
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LU ' Cost Estimate:  Contractor Drilling and Supervisor $ 504,000
! Rig-up and Tear-out $ 200,000
U ; Drilling Fluids $ 25,000
:  Non-salvable $ 12,000
Transportation $ 22,000
i Contract Services $ 82,500
L; : (directional tools, surveys, v
ete., drill pipe, bits, ete.
,  other subsurface services)
L o Conductor Casing 100" - 10" $ 7,500
Surface Casing 1000' - 13 3/8" ¢ 37,500
. Produetion Ceasing 7000’ - 8 5/8 -~ $ 172,500
. " Tubing 1000'- 2 7/8 $ 30,000
A Well Head : $ 15,000
: Master Valve $ 7,000
L Well Pump and Motor $ 45,000
UI , Cementing $ 20,000
e - Wing Valves | $ 17,000
o " TOTAL - : ' $1,180,250
W |
= Phase IV. Drill Reinjection Well and Test
o o ‘Production Well ,
U ; Task and =~ Drill reinjection well to the depth and design selected
Discussion: . from an evaluation of the Phase III drilling and prelimi-

nary testing results. Design and implement a long-term
‘well test of the production well, including both geophys-
ical (temperature and pressure) monitoring and geochem-
feal testing. If indicated from well testing, proceed with

L the project. -

' Cost Estimate: - Drilling and ete. | g ‘ ~ - :$590,000
U , o ~PhaselIx.5 ; v $300,000
- TOTAL | ~ $890,000
(1 ‘ - - REAARS
B
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