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CI. engineering, eco- 
nomic and environmental feasibility of the utilization of low and moderate temperature 

complex at Pine Creek. 

k 



k) 

Determine feasible approaches for transporting geothermal heat to 
the Pine Creek tungsten complex. 

Determine the costs of transporting geothermal heat to the Pine 
Creek tungsten complex based on the selected heat delivery 
approaches. 

Develop a conceptual 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, utilizing paramefers implied by the potential resource. 

Provide an economic analysis 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 institutional factors 
related to such a geothermal application. 

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

t L 

L 
L 

t 

Q t 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 equipment recommendations and material specifications. A pre- 
lim- financial, economic, and institutional assessment of geothermal system located 
totally on Union Carbide property at Pine Creek is included in this report. 

1.3 CONCLUSIONS AND RECOMMENDATIONS 

Initial economic and technical evaluation indicates that geothermal resource 
development on the project site may not be possible. The initial geochemical analysis 
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 specific plan for resource confirmation at 
the project site is presented in Appendix B. 

Since initial geochemical analysis indicates a geothermal reservoir with a sig- 
nificant energy potential may not exist beneath the Pine Creek tungsten complex, other 
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L;- Table 1-1 

UNION CARBIDE ELECTRICAL SURVEY SUMMARY f 

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 
Evap. Pump Dr. 75 HP 
Water Reclaimer 60 HP 
Slurry Agitation Dr. 60 HP 
Batch Mixing M.C.C. 112 Main 
30 Transfer Pump 
Agitator M.C.C. 114 Main 
Agitator 40 HP 
BatchMix 40HP 
Main 3000 AMP 
APT Main, 600 AMP (3 M.C.C.k) 
Crusher Area one M.C.C. 
Crusher Area two M.C.C. 
Crusher Area Jaw Crusher 
Crusher Area Cone Crusher 
Ball & Rod Mill M.C.C. 
Cyclone Feed Pump P 1  
Cyclone Feed Pump if2 
Floats 20 Hp (9 units) 
Floats M.C.C. 83 Main 
Floats M.C.C. W4 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) 

150 HP 
150 HP 

82 Main 

KW 

70 46 0 56 46 
62 460 49 41 
50 46 5 40 24 
29 465 23 13 
3 465 2.4 .6 

115 465 92 79 
26 5 465 21  19 

55 465 44 38 
140 465 113 106 
45 465 36 35 

48.5 465 39 32 
400 465 322 26 1 

67 465 54 40 
50 465 33 33 
66 465 53 47 
50 465 40 33 

130 465 105 78 
38 460 30 25 
92 460 73 5 1  
16 465 7 2 
35 465 28 22 

1320 47 0 1075 784 
135 46 5 109 7 1  
80 47 0 65 57 

100 470 8 1  73 
110 47 0 88 88 
140 470 112 95 
300 460 239 , 186 
140 460 112 97 
140 460 112 97 

14 460 11 8 
230 465 185 128 
210 440 16 0 112 

14 460 11 8 
14 460 11 9 
85 465 68 40 

27 0 465 218 180 
110 465 89 75 

80 465 64 46 
200 465 161 97 
110 47 0 80 80 
135 465 63 53 
22 465 18 14 
22 465 18 12 

- KVA - AMPS VOLTS - 

6 
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Three oil fiied boilers provide p ess steam to the Pine Creek tungsten 
plex. Steam consumption to the mill is supplied through a 240 psi steam header 

ith pressure reducing stations to throttle the steam to the pressure levels required for 
arious process stages. Seventy4wo percent (46,000 Ib/hr) of the produced steam is 
sed for direct injection . The steam is injected for three 

* out the chemicaI reactions. 

the process stream. 

* fouling tendencies of the slur- 

related to the Ammonium Paratungstate 

tion is economical. 
br 

A general schematic for mill steam u 
I (APT) process is shown in Figure 1-2. 

ated in a highly energy 
prior to disposal. The 
but uses nearly twenty 

an energy input. Because the 
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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. I L 1.6.2 End Uses 

1.6.2.1 Boiler Water Preheat i 

i 
1 
F 

CII 
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 
a t  4C (40P) 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 crystallizer. W i t h  the remaining 28 percent 
(2.0 x io5 liters/day; 5.3 x 10' gdday) 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 
I 

, Space heating is the most versatile use for the heat extracted from geo- L 
I , 
I 

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 commercial establishments in Klamath Falls, Oregon, and 

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 he1 oil-fired furnace for the office buildings, and 2720 kghr (6000 lb/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  Exchang ers 

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 lo6 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 Q/hr (11,200 lb/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. 

t 
, c 
I 1. 

t 
11 

I Reykjavik, Iceland. The water is used for space heating by circulating it through very 
I 

I 

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

u 
S I  

Lr 
2.3 GEOTHERMAL FLUID PRODUCTION/REINJECTION 

ir 

I '  

w 

A typical production well with a downhole submersible pump and a reinjection 
wen required for a geothermal system are shown in Figures 2-1 and 2-2. The pruduc- 
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). A t  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'' Btulyr or 1.52 x lo7 Btu/hr, a geother- 
mal  fluid flow of 30 liters per second (450 gpm) is,required. This value is based on 
extraction of all of the heat in the brine between the temperatures of 116C and 77C 
(2 40-17 OF 1. 

This flow rate would require the use of a pump in the geothermal supply 
system. A downhole, totally submersible pump has been decided on for this application. 
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 limits and operating procedures. 

Because the Pine Creek resource has a relatively low temperature, flashing 
the brine to make steam fo dustrial processes is not an economical process. For 
example, approximately 34 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 appHcation water will be 
used as the secondary fluid, which w i l l  be circulated through heating coils for space 
heating, enter a storage tank which will provide domestic hot water and provide feed- 
water for the boiler feed pumps. 

After eothermal brine passes through'a series of heat exchangers, it is 
discharged through the reinjection line through the injection well into a compatible 
aquifer. A centrifugal reinjection pump wil l  be used, if required, to pressurize the 
reinjection line to provide a at a depth of 2450 ID. 

L 
ir 

li 
I ;  
# 

1 ;  w 
t; 
1 :  

te flow -u 
Because of the surround- geology, water from the geo 
to be relatively clean, containing low ,total dissolved 

1 '  

4 
scaling and solid deposition on piping and process equipment should be a minimal prob- 
lem. The brine reinjection tempe f extracting 

&!d the geothermal fluid in 

i GEOTHERMAL 

bi rmal energy required to totally replace the space heating, domestic 
to preheat boiler feedwater is estimated at peak load to be 1.52 x 
would require approximately 450 gpm of geothermal brine if all the 1 ,  

I 

t 

I 
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ING EVALUATION 1 

INTRODUCTION f 

1- 

1 

GENERAL ENG 
Lr 

c energy use survey 

h indicated a low 

uses involved direct heat applications of the geothermal fluid. The three areas con- 

entering the boiler feedwater pumps. 

Lr 

sidered most compatible with a b w  resource temperature at the tungsten complex are 
, space heating, domestic hot water tm d preheat of the industrial water Pdor to 
I 

2.2 WEATHER ANALYSIS 1 
alda 

rnia (elevation 1252 m, 4108 ft) since 1944. The offices and the 
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 fine Creek consists only of air quality analysis performed for environ- 
mental agencies; data for specific weather analysis (temperature and 
not collected. , 

, , k 
Adjustment for Elevation Chang e 

I 

I The weather data from Bishop has been adjusted in 
I ASHRAE's (1977) rule for &termination 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 

Dry bulb temperature: 1 degree F per 200 f t  

, 
I following increments: 
I 
I 

, Wet bulb temperature: 1 degree F per 500 f t  

averages 4192 heating degree days and 1075 cooling degree days per year based t 
1 
6. 

on the traditional 65F (18.3C) base temperature. The annual av 
Bishop is 13.2C (55.9FXU.S. Department of Commerce, 1978). 
adjustments, an offset of 10.2C (18.5F) for the 
location at Pine Creek which would result in a 
This corresponds well with information obtaine 

the average annual temperature for the 

The largest demand for space con 
ather data. The mean daily minimu 

mperature for 
the ASHRAE 
taken for the 

f 
Li " 
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I '  

& heat was utilized in the geothermal fluid from 116C to 77C (240-170F). This heat 
a binary system 

at contained in the 
direct method would be use of the brine itself in the 
ighest potential for end use in the Pine Creek tungsten 

the most efficient heat transfer 
mount of energy contained in the 
system has some inherent prob- 
a is predicted to be low in total 

to the tungsten mill will be 
ial water to the boiler feed- 



i -- 

Figure 2-3 is a diagram showing a schematic of the two-pipe hot water 

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 

domestic water. The heat remaining in this water would be returned to the geothermal 

Lr system. The geothermal brine exchanges heat with the water taken from the tungsten 
mine. 

the low temperature processes can be cascaded to provide space heat and to heat 

facility to be used to preheat mine makeup water prior to 

i' 
L 

1 
& ering the heat exchanger. 

2.4.3 Storage 
1- 
t 

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

Although the steam demand for the Pine 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 day-to4ay basis. An insulated storage tank 

t 
r 

wi l l  provide a reservoir of hot water for increases in demand whenever they may occur. t 
! 
b 

2.4.4 Materials Evaluation 

2.4.4.1 PiDe Materials t 
A preliminary investigation into the different types of pipe materials 

would indicate quite a 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, Le., the pipe must not be adversely 
affected by the medium9 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 characteristics, thermal expansion, creep strength, and corrosion protection. 
Some of the different types of pipe materials are listed in Table2-1, which gives a 
brief description of the characteristics of each. 

Mild steel is the most commonly used material in prefabricated 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 crevice corrosion especially 
by geothermal brine. High salinity geothermal fluids will cause high uniform corrosion 
as well as localized corrosion. 

Preinsulated pipe using non-metallic materials of the asbestos-cement or 
fiberglass reinforced plastic (FRP) type appears to be popular for geothermal district 
heating systems. Preinsulated pipe, very simply, is a prefabricated pipe usually from 
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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 corrosion 
Are comparatively brittle but have acceptable strength 

Wrought Iron - Highly corrosion resistant - &pensive 

Low Carbon Steel - Widely used in variolrr applications - - Rather economical - Easytoweld - Low corrosion resistance. 

- Veryexpensive 

Good for tow and medium pressure steam & water 
, 

Stainless Steel - Highly corrosion resistant 

NON-FERROUS METALS 

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

COP€= - Widely used for indoor plumbing - Good corrosion resistance - HigNyexpemive 

Aluminum - Lightweight 

Brass, Bronze - Suitable for low and medium temperature service 

NON-METALLIC MATERIALS 

Asbestos-cement - Often used in water lines 

I - Good corrosion resistance 

- High resistance to corrosion - Low friction losses - Goodstrength - m y b r i t t l e  - Sizes  up to 36 in., pressures up to 200 psi, temperatures 
up to 200F 

Concrete 

Fiberglass Reinforced 
Plastic (FRP) 

Thermoplastics 

- - High flow coefficient - Corrosionresistant - 
Used for large water mains and sewer lines 

Can withstand significant external loads 

- Temperatuns rp to 300F - Corrosionresistant - Low friction losses - Lightweight - Easytoinstall - Goodstrength 

- Temperatures up to 200F - Pressures up to 100 p i a  - Relatively low strength 
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10 fee feet in length, contains an inner core (copper, asbestos-cement, 
I steel, insulating material around this core (polyurethane foam or calcium 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. Besides this main advan brioated )system is, fast and easy to 

advantages which make it suitable for 
on 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 

L 

b 

i i  

.k 

h f  

u 
I are limited to maximum working temperatures of around 200F. FRP pipe can take 

vermin proof; and 
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TABLE 2-2 

PROPERTIES OF GEOTHERMAL INSULATING MATERIALS 

Calcium Urethane 
Silicate Fiberglass Foam 

Temp. range lOOF to 1500F -120F to 650F -250F to 225F 

Conductivity, K 0.33 to 0.72 0.15 to 0.54 0.11 to 0.14 

Density, Ib/fts 10.0 to 14.0 0.60 to 3.0 1.6 to 3.0 

Btu-h/hr-ft2-'F 

f 

L- 
i 
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Compressive strength 100 to 250 0.02 to 3.4 16 to 100 
b/in2 @ 46 deformation @ 5% @lo% @5% 

Relative cost high low low 
# 
4 

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 
polyurethane foam or calcium silicate, it does have excellent thermal resistivity and is 
relatively cheaper than calcium silicate for moderate temperature use. 

Calcium 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 
blocks, and quarter-round and half-ound segments for pipes. Because of its rigidity, 
this material has a higher resistance to mechanical abuse than most insulating mater- 
ials. A typical aluminum jacketing around the insulation provides protection against 
weather and other damage. 

2.4.4.3 Conduit 
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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 a hydro- 
carbon envelope of a 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- 
ricated conduit sections, which can be easily assembled at the site, examination of the 
prefabricated conduit types is in order. 
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L Prefabricated pressure tight steel it can be made of either smooth 
or corrugated steel. The pipe is surrounded with preformed insulation and then the 
conduit 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. 
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b to the H2S (hydrogen sulfide) in the geothermal brine. Cracking of some copper-based 
alloys exposed to ammonia or its derivatives also may occur. 

have been quite positive. 

conditions at a 
exchanger tube materials under exper- 
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inted. The fol- 
ion addresses the specifics of a geothermal energy system at Pine Creek, the 

ment and the expected retrofit required. 

3.2.1 General 
1 
Lr 

The Pine Creek geothermal system is comprised of a 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 

nents and requirements for the proposed system are described in further detail below. 
1 pump into a compatible aquifer through an injection well. The major system compo- 

downhole pump will be required to provide a sufficient fluid flow for the 

cable can become 





Heat  Exchangers 

Fluid extracted fro rvoir at the Pine Creek location is expected to 
clean with a small  component of dissolved solids in the brine. Carbon steel 
ed for all piping and in the heat exchangers as a significant corrosion problem 
icipated. 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 
Exchange Test Unit (HETU) in Heber, California (Ghormley, 1978). 

r was based on ture range of 180 - 145F. 

heat exchangers d in series and will be of the standard 
design. The first heat exchanger will be used for preheating the hdus- 

an annual load of 1.8~10'' Btu/yr. As the geothermal brine passes 
through the industrial water heat exchanger, the temperature of the brine drops from 
115C to 109C (240F-228F), assuming a flow of 450 gpm on the brine side. L 

For space heating, the 

The predicted tempera 
th the use of a downhole pump, d flow rate from the production well is 
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Table 3-1 

ENERGY CONSUMPTION AT UNION 
CARBIDE'S TUNGSTEN MINING COMPLEX 

6 3 . 3 ~ 1 0 ~ ~  9.7~10 

4 . 7 ~ 1 0 ~ ~  1 . 4 ~ 1 0 ~  
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ter acting as the secondary fluid passes through 

mp is required for the clean water loop that will keep 
through the system. After obtaining a heat input 

passes through heating coils where forced air 
space heating to the rooms. After leaving the 

ter (63C, 146F) is cascaded to heat domestic hot 

in@ on outlet water temperature of 85C (185F). 

Domestic Hot Water 

bd 

I 

A temperature controller on the hot water tank maintains domestic hot 
water temperature between the band of 50 - 60C (122 - 140F). If the temperature in 
the water tank is below SOC, the three-way control valve directs the discharge from the 

ils through the hot water tank until a maximum temperature of 60C is 
When the temperatu the tank attains a temperature of 60C, the three 
closes the path thr he 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. 

controller will be installed on the brine circulation loop 
heat exchanger. This temperature con- 

01 the exit temperature from the heat exchangers between 65 - 75C 
e on the brine supply from the geothermal 
mount of fluid pumped by the downhole pro- 

on costs of the system. 
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I 
24 hours a day. Although some system loads such as space and domestic water heating 

high utilization factor for the overall geothermal system resulting in a lower unit cost 
I will fluctuate with building occupancy, the industrial water demands will maintain a u 

Y 

I loads (which would normally occur 
ci should approach 40 percent. If an 

m could be sized so that it pro- 
ial water demand, and a portion of 
ould necessitate incorporation of a 

required on an average winter 
boost the temperature 

Another possibility would be the use of heat pumps for amplification of the 
heat supplied by the geothermal system. A more thorough is of the temperature 
fluctuations and the percentage of time the temperature in specified narrow 
temperature ranges is required to use these types st" systems. Tem- 
perature monitoring would be required at the Pin k site to establish a baseline for 
average winter conditions and space heating loads. information would allow deter- 
mination of the fraction of the annual total heating needs that must be supplied by a 
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. 
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INTRODUCTION LJ 
A preliminary economic evaluation was undertaken for geothermal 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 conventional energy sources to determine the economic feasi- 
bility of geothermal energy substitution at the tungsten mining complex. The analysis 
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 Engineering Services, 
Inc. Estimating Standards copyright 

4.2 ECONOMIC INCENTIVES 
I 
SJ 4.2.1 Introduction 

The economic analysis for a geothermal energy system must include an eval- 

The tax and econo 

In 1962 tax laws were 



The Energy Tax Act of 1978 provides a business investment tax credit for 
investment in "energy property." This credit is in addition to other tax credits for 
which the taxpayer may be eligible. This d e f i n i t & w c a l l y  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 Drilling and Development Costs 

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

Under this provision, the taxpayer may elect to deduct these intangible 
costs from taxable income in the year that the costs were incurred 8s opposed to 
capitalizing them. This option is applicable to all 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 conthue 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 accrued interest on loans for specified aspects of geother- 
mal 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 a 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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tions promulgated by -the Department of Energy, effec- 
ranteed on each project cannot 
o6tain guarantees in excess of 
what the rate of interest wi l l  be 

t must present satisfactory evidence 

IJ September 3, 1984. 

the extent that 
Recent months 

States is forcing an appraisal of 
on and economic principles. 

associated with 
fuel prices are consepva- f 

b 
price forecasting, inflation rates associated with convent 
tive for use in economic comparisons. 



The fuel oils used at Pine Creek are #4 and 86, 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. 

1) 1 January 1980 price - $2?.0O/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% 

c 

1985 and thereafter 9% 

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 

30 year production life of supply well 

Maximum flowrate of geothermal fluid 500 gpm or 249,900 lblhr t 
0 

0 

0 Temperature of the geothermal fluid at the reservoir well head = I 
121C (250F) L 

0 Production well drilling cost (1980 dollars) 

Injection well drilling costs (1980 dollars) 

$1,180,250 

0 
$890,000 

Financing and Tax Data 

0 Drilling intangibles for production well 

Drilling intangibles for injection well 

Income tax rate (federal and state) - .50 

$843,750 

0 
$632,000 

0 
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b 
U 0 Startup year for operation - 1983 

b 

Y 

supplied by fuel oil 
that the geothermal energy system would replace. Also included were operation and 
maintenance costs assumed to be 5 percent of the capital cost of the system per year. 
These calculations can be seen in Table 4-2. 

Table 4-3 calculates net cash flow after taxes computing depreciation 
on capital investment and cash flow for debt payment. Intangi illing costs were 
not deducted from taxable income, but were capitalized bec tangible drilling 
costs 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 

will be realized 

th was found to 
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 

- Year $/Gal. Fuel Oil 

1983 $ 1.36 
1984 $ 1.45 
1985 $ 1.58 
1986 $ 1.72 
1987 $ 1.88 
1988 $ 2.05 
1989 $ 2.23 
1990 $ 2.43 
1991 $ 2.65 
1992 $ 2.89 
1993 $ 3.15 
1994 $ 3.43 
1995 $ 3.75 
1996 $ 4.08 
1997 $ 4.45 
1998 $ 4.85 
1999 $ 5.29 
2000 $ 5.76 
2001 $ 6.28 
2002 $ 6.85 
2003 $ 7.46 
2004 $ 8.14 
2005 $ 8.69 
2006 $ 9.66 
2007 $10.54 
2008 $11.48 
20 09 $12.52 
20 10 $13.65 
2011 $14.88 
20 12 $16.21 

$/lo6 Btu 

$ 9.38 
$ 10.00 
$ 10.90 
$ 11.87 
$ 12.97 
$ 14.15 
$ 15.39 
$ 16.77 
$ 18-28 
$ 19.94 
$ 21.74 
$ 23.67 
$ 25.87 
$ 28.15 
$ 30.70 
$ 33.46 
$ 36.50 
$ 39.74 
$ 43.33 
$ 47.26 
$ 51.47 
$ 56.17 
$ 59.96 
$ 66.65 
$ 72.73 
$ 79.21 
$ 86.39 
$ 94.19 
$102.67 
$111.85 

Net Savings 
Per Year 

$ 384,580 
$ 410,000 
$ 446,900 
$ 486,670 
$ 531,770 
$ 580,150 
$ 630,990 
$ 687,570 
$ 749,480 
$ 817,540 
$ 891,340 
$ 970,470 
$1,060,670 
$1,154,150 
$1,258,700 
$1,371,860 
$1,496,500 
$1,629,340 
$1,776,530 
$1,937,660 
$2,110,270 
$2,302,970 
$2,458,360 
$2,732,650 
$2,981,930 
$3,247,610 
$3,541,99@ 
$3,861,790 
$4,209,470 
$4,585,850 

- 40 

Operations 
and 

Maintenance 

-157,500 
-157,500 
-157,500 
-157,500 
-157,500 
-157,500 
-157,500 
-157,500 
-157,500 
-157,500 
-157,500 
-157,500 
-157,500 
-157,500 
-157,500 
-157,500 
-157,500 
-157,500 
-157,500 
-157,500 
-157,500 
-157,500 
-157,500 
-157,500 
-157,500 
-157,500 
-157,500 
-157,500 
-157,500 
-157,500 

1 

Net Cash 1 
Flow 

227,080 
252,500 

t- 
1 

289,400 f 
t 329,170 

374,270 
422,650 
473,490 1 

1 
530,070 1 
591,980 
660,040 
733,840 

t 
1 

822,970 
903,170 
996,650 

1,101,200 

! 
1,339,000 1 

F 
1 

1,214,360 

1,471,840 
1,619,030 
1,780,160 
1,952,770 
2,145,470 t 
2,300,860 
2,575,150 
2,824,430 
3,089,810 
3,384,490 
3,704,290 
4,051,970 
4,428,350 c 

1 

1 
1 

1 :  
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H 
(A+C+E) (D+G) 

After Tax 
Net Cash 

Flow 

35,515 
t 64 325 
4,365 

212,550 -106,275 127,275 
283,700 -141,850 162,850 
361,000 -ia0,500 201,500 
444,040 -222,020 243,020 

287,205 

734,570 -367,285 388,285 
848,360 -424,180 445,180 

16 -84, ooo -138,600 +991,760 -105,000 979,760 -485,380 506,380 

336,925 

17 -84, ooo -129,360 +1,209,640 -105, ooo 1, 188 ,640 -594,320 615,320 



A 

Net Cash Flow 
Before Debt 

Service 
Year and Taxes 

18 1,471,840 
19 1,619,030 
20 1,780,160 
21 1,952,770 
22 2,145,470 
23 2,300,860 
24 2,575,150 

s 25 2,824,430 
26 3,089,810 
27 3,384,490 
28 3,704,290 
29 4,051,070 
30 4,428,350 

- 

B 

Cash Flow 
For Debt 

Repay men t 

-84,000 
-84 , 000 
-84,000 
-84,000 
-84,000 
-84, ooa 
-84,000 
-84,000 
-84,000 
-84,000 
-84,000 
-84,000 
-84,000 

Table 4-3 (Continued) 

C D E F 
(A +B+ C) (A+C+E) 

Interest After Debt (Straight Taxable 
On Debt Service Line) Income 

Cash Flow For Cash Flow Depreciation 

-120,120 +1,267,720 -105,000 1,246,720 
-110,880 +1,424,150 -105,000 1,403,150 
101,640 +1,594,520 -105,000 1,573,520 
-92,400 +1,776,370 -105,000 1,755,370 
-83,160 +l ,978,310 -105,000 1,957,310 
-73,920 +2,142,940 -105,000 2,121,940 
-64,680 +2,426,470 -105,000 2,405,470 
-55,440 +2,684,990 -105,000 2,663,900 
-46,200 +2,999,610 -105,000 2,978,610 
-36,960 3,261,530 -105,000 3,242,530 
-27,720 3,592,570 -105,000 3,571,570 
-18,480 3,949,490 -105,000 3,928,490 
-19,240 4,335,110 -105,000 4,274,110 

G H 
-(-5F) (D+G) 

After Tax 
Cash Flow ' Net Cash 
For Taxes Flow 

-623,360 
-701,575 
-786,760 
-877,685 
-978,655 

-1,060,970 
-1,202,735 
-1,331,995 
-1,489,305 
-1,621,265 
-1,785,785 
-1,964,245 
-2,137,055 

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 



Y 

b 
U 

lu 

Cash Flow 
Year After Taxes b - 

0 -630,000 

1 
2 
3 

lu 

bm 4 +a95 0.4096 +366 

5 35,515 0.3277 11,638 
h 6 0.2621 16,859 

7 0.2097 19,788 
8 127,275 0.1678 21,358 

9 162,850 0.1342 21,854 
10 201,500 0.1074 21,641 
11 243,020 0.0859 20,875 

12 287,205 0.0687 19,731 
Lr 13 336,925 0.0550 18,531 

14 388,285 0.0440 17,085 
lu 15 445,180 0.0352 15,670 

16 506,380 0.0281 14,293 

17 615,320 0.0225 13,845 
18 644,360 0.0180 11,598 

k 

b 

b 
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THE GEOTHERMAL R k 

INTRODUCTION 
t 

s to investigate bility of 
c utilization at -Metals Divi- 

sion's Pine Creek Tungsten Mine and Mill. This report is answer to the . 
question of whether a low temperature geothermal resource exists at the Pine Creek 
Mine based on surface observations alone decide whether drilling should be 
recommended. 
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IFiGURE 
Spring and Well Numbering System 15-11 
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virgule indicates the to e virgule and the 
dash indicates the range (Range 31 East); the number between the dash and the letter 
indicates the section (Sectio r indicates the 16.2 tare (40-acre) 
tract within the section. 

bered serially, as indi- 
digit. Thus, well 06S/31E-5H01 is the first well to be listed in the 

:Sec. 5, T6S, R31E, Mount Diablo baseline and meridian. Springs are numbered 
except that an S is placed between the 16.2 hectare (40-acr 
digit, as shown in the following spring number: OW30E-9QS 

GEOLOGIC SETTING 

tward about 11 kilometers (6.8 mi) north- 

5) four groupings o 
inent units are all 

Tungsten Hills, and 
study area. Individu 
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15-2 Map showing the location of the Pine Creek Mine Area. 
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$ *  

measurement about 35 kilometers (21.7 mi) southwest of the mine (drillhole HC, near L- 
i 
1 

1 
1 
i 
L 

5.2.3 Springs and Wells in Relation to Geology L 
L 
L 
G 
I 
1 
1 

Helms Creek at Courtright Resen-oirl was reported by Lachenbruch (196_8) as 1.30 Heat 
Flow Units (HFU) (1.30 pcalcrn 2s '; 0.054 Wmm2; 0.017 Btu ft" hr ') and a geo- 
thermal gradient of 17.2% per kilometer (49.80 F/mi) of depth was reported. Two heat 
flow measurements of .93 HFU (.93g cal cm-2 gee-'; 0.039 Wmo2; 0.012 Btu fto2 Hr I )  
and 1.27 HFU (1 .27~  cal crn" sec '; -053 Wm '; .017 Btu ft-? hr-') were reported by 
Lachenbruch, -- 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. Thesd heat €low mea- 
surements were reported to indicate a geothermal gradient of 15.1'C per kilometer 

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

A rock temperature measurement has been made in a drillhole in the Brown- 
stone adit of the Pine Creek Mine and showed a temperature of about 14% (57.20F) 
(Posner, 1979) which is significantly above the average annual temperature of 4% 
(39.20F) (Brewer, 1979). 

Microearthquakes have been monitored in the vicinity 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 a few events were reported beneath the Pine Creek Mine 
(Pitt and Steeples, 19681, at depths of 6.5 to 17.5 kilometers (4.04 to 10.9 miles). 

Creek Mine (Posner, 1979) and none was attempted during this investigation. 

! *  
1 

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

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

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 Table 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 are 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 PI. 

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 (WellF) 
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 a depth of 125 meters (410.1 ft)  in 1964. Water cascaded down the 

Water samples were collected from six wells in Round Valley downstream 
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055/3(1E - 51 NSL Mile Post 333.5 Spring 

A l M k y  spring 

Discharges from beneath ridge crest in 'Noga moraine of Rack Creek Canyon. 

Sicrrbn frontal spring. from beneath gvanitio talus at contact wlth alluvicrl 

es along short fnult in granitic alluvium parallel with Meadow, main spring 
sierran frontal fault and approximately flu0 meters from base of mountain. 

25 meter deep well penetrating alluvinl fan deposits of granitic COmposith.' 

38 meter deep well penetrating shallow ( 4 m )  alluvium and Bishop Tuff. 

40: meter deep well penetrating alluvium and POSibly BiShOp Tuff. 

Discharger from between boulders in alluvibl ten deposit$ derived from granitic 
terrae. 

Disehargb from fractures in granitic rocks through cement lined busins. 

C-Bar-0 Ranch Well (40 acres) 

North Schober Well 

Ih Schober Well 

terrnllk Sprig 

Keough Hot Springa 

Plne Creek Surface Flow 

WCII IOE waa not avathbb for examination. 



-a&+ - 
8.8 

Id3 
14.6 
16.2 

SAND, GRAVEL AND BOULDERS 
YOUNGER ALLUVIUM 

bF PINE CREEK 

SAND AND BOULDERS 

CEMENTED SAND. GRAVEL 
AND BOULDERS 

OLDER ALLUVIUM OF PINE 
CREEK, POSStBLY TAHOE 

STAGE TILL 

PLUG 

Source; K e n  Rwoan, Union Carbide Corporation 1979, from 1964 f i l c  *’.’ data. 

IFIGURE 

I 5-4 Drillers Log and Interpretation of Rovana Water Supply Well (Well P) 
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wellbore and failed to maintain a water level sufficiently high to allow pumping from a 
pump set at about 45meters (147.6-ft). An airlift system was capable of sustaiding 
132 liters per minute (34.87 gal min '1 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 Valley. Sulfate and tritium concentrations discussed 

Y 

Y 

st a fairly rapid rate of gr 

YDROGEOCHEMISTRY' 

er movement through the upper aquifer. 
L4 

5.3.1 Field and Laboratory Analysis u 
The groundwater of the vicinity of the Pine Creek Mine contains a variety 

of chemical 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 isotope analysis were col- 
December 1979 from 17 springs and wells. Table 5-3 gives the results of the 
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 the field and parts of the samples were treated before 
analysis. 

Due to the unimproved f most of the springs encountered during 
tion and occasionally pitious conditions under which the springs 

occur few attempts were made to he 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 O.l*C 
(0.180F) as close to spring orifice as possible and the temperature of the well water was 
measured 8s close to the wellhead as possible. These data are listed in Table 5-2. 
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lu 
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hi 

id 
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ical Company field test 
eld analysis reported herein is silica 
ction 5.4.5, below. All other field 

curacies introduced through severe envi- 

fied at the time of collection and 
manganese (Mn), zinc 
sis for these seven 
ere made by atomic 
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e precision of all is estimated to be plus or minus one-half of the 
last rep digit. That is, a reported 6.9 mg/l implies a concentration of between 
6.85 and 6.95 mgL” A reported analysis of 0 mgfi 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. 

u 
hi 

e 5.3.2 Quality of the Groundwater 

The chemical analyses is investigation are given in Table 5-3 
and are arranged in order of sample collection. In addition to the analysis conducted 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 district. Table 5-4 
lists the available mdys . The sampled Usted in both Tables 5-3 and 5-4 are 
shown in Plate 1. 

The general chemical character of the sampled groundwater from the vicin- 
ity of the Pine Creek Mine is fresh sodium-chloride water and is shown diagrammati- 
cans 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% 
Meadow Hot Springs adjacent to the Devil’s Postpile National Monument, geough Hot 
pringS 13 km (8.1 mi) south of Bishop, and Mono Hot Springs and Blayney Meadows Hot 
pings, 29 km (18 mi) west and 24 km (14.9 mi) southwest of the mine, respectively, 
ear the terminus of California State Highway 168 (Figure 5-2). These data were taken 

sources shown on the f i i e .  The locations from which these later data were 
ed are listed in Table 5-5. Mole ratios of several major and minor constituents 
groundwater investigated during this study are listed in Table 5-6 for the ground- 

w 
. 

id 

Li 
I 

k 

1w 

AI 
waters listed in Table 5-3. 

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 volcanic rock aquifers (Long Valley Caldera and Bed’s Meadows Hot Springs) and 
basement rock (and basement rock derived W i u r n )  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 sc~upces. A large number of 
additional samples would probably obscure these relationships. Groundwater Sample B 

ing adit at the Pine Creek Mine 
itic and volcanic rocks. 
nzonite as was Sample C, 

rcentage of Li+Na+K 

gic control of the gen ical character of the id 
I 

b 
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Table 5-4 
GROUNDWATER QUALITY ANALYSIS IN THE VICINITY OF THE 

PINE CREEK MINE OBTAINED PROM A LlTBRATURB AND 
AGENCY SEARCH 

TPIMP- (Exclusive of geothermal areas) 

(date TURE Ca Mg Na K CI P €ICOs sob NO3 B Si02 
LOCATION ERA- REP- 'C Ne-K-Ca 

BR- Geotherm- 
collected) 'C mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l TDS pkl ENCE mometer REMARKS 

04S/29E-36RS1 10 9.2 0.7 6.9 0.6 0.3 0.2 45 3.5 0.9 - 19 63 7.6 Peth,et&., 10.7 Perennialspring 
along Sierra Prm (11-8-59) 1964 

05S/30E-l4ES 8.3 6.1 0.9 6.8 0.1 0.2 0.1 34 3.2 0.2 - 20 55 6.5 Peth,et&., 18.2 Perennialspring 
(11-8-59) 1964 almg Sierra Fron 

05S/30E-261iSl "Cold" 10.0 1.2 6.2 0.8 0.2 0.1 48 3.4 1.0 - 16 63 6.7 Peth,et al 14.9 Perennialspring 
(11-8-59) 1964 -"' along Sierra Pm 

hame as Aimley 
Spring (K)) 

06S/3lE-l9Gl - 62.0 6.0 23.0 3.0 7.0 0.3 48 178.0 1.8 0.00 - 343 7.4 Cal. DWR 27.3 Well in Rovana 
(03-02-70) 1970 

(06-25-60) WDlS Pile Ave. 
a 06S/31E20Hl - 29.0 2.0 27.0 2.0 16.0 0.4 28 77 3.1 0.06 11.0 284 7.4 Cal.DWR 31.0 Residential Well 

29.4 

b - 35.0 2.0 26.0 2.0 18.0 - 39 50 3.9 0.03 13.0 181 6.6 Cal. DWH 27.7 
(02-09-61) WDIS File 

a 085/31E-21Dl - .O 9.0 3.0 14.0 0.4 33 57 1.0 210 7.2 Cal. DWR 27.3 RoundValley 
(07-14-55) WDlS Pile Ave. School Well (H) 

28.8 
b - 40.0 3.0 14.0 3.0 14.0 0.1 27 74 4.1 0.02 18.0 282 6.9 CaLDWR 30.4 

(02-09-61) WDlS Pile 

a 065/3182281 - 19.0 3.0 7.0 2.0 3.0 0.4 35 11 1.6 0.00 - 140 7.4 Cal. DWR 27.0 Residential Well 
(07-14-55) WDIS Pile Ave. (Possibly same as 

19.6 SouthSohober 
Wells 0) 

b - 18.0 2.0 7.0 2.0 2.0 0.1 33 9.0 4.1 0.01 21.0 64 7.5 Csl.DWR 12.3 
(02-08-81) WDlS File 

065/31E-23Nl - 1.0 10.0 2.0 2.0 0.2 56 15 5.3 0.01 42.0 133 7.1 Cal. DWR 2 Residential Well 
(02-09-81) WDIS Pile 

1 06S/31E-26El - 6.0 1.0 0.0 0.0 33 5.0 6.9 0.01 30.0 74 7.1 Cal.DWR 10.3 Residential Well 
(02-09-61) WDlS Pile 

0 065/31E-3151 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 Pile 

. I  
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No. 

1 
2 
3 
4 
5 

6 

7 
8 
9 

10 
11 

7 

12 

13 

Table 5-5 

NAMES, LOCATIONS AND TEMPERATURES OF NUMBERED SPRINGS 
AND WELLS SHOWN ON FIGURES 5-5 and 5-6 

Name 

Big Spring Campground 
Hot Spring, Little Hot Creek 
Geothermal Well Magma-Ritchie 
Hot Bubbling Pool 
Artesian Wel l  near N.E. Rim ~ 

Hot Spring 
Hot Spring SE of Big Alkali Lake 
Hot Spring N of Whitmore Hot Springs 
Hot Spring W of Lake Cmwley 
Keough Hot Springs 
Red's Meadow Hot Springs 

Mono Hot Springs 

Blayney Meadows Hot Springs 

Temperature 
Location ec, . 

02S/27E-2 5 AS1 11 
03S/28E-l3ESl 79 . 

03S/28E-32ES9 94 
03S/28E-35ESl 60 

035/29E-l3Cl 10 
0 3S/2 9E-2 1NS 1 56 
03S/29E-28HS 1 49 
03S/29E-31ASl 58 
03S/29E-34KSl 41 
08S/33E-l7FSl 51 

37'37'N, 
119°04'W 

Unsurveyed 45.5 

Unsurveyed 43 

119°01'w 
Unsurveyed 43 

37'27'N, 

37'14'N, 
118°52'W . 

- NOTE: Numbers1 through 9 from Willey, et al., 1974 and Sorey, L et @., 1978; 
Numbers 10 through 13 from Mariner, -- 1977. 
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& 
5.3.3 Groundwater of Round Valley and Pine Creek Canyon U 

Several of the analyses given in Tables 5-3 and 5-4 are not of particular use 
in describing the natural chemical character of the groundwaters. The Round Valley 
School Well @I) 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 a 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 a 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 sufficiently 

the chloride containing molar ratios listed in 

Several of the water samples collected from downstream of the Pine 
tain anomalous sodium and sulfate concentrations (Table 5-3: E, F, H, 

5-4: 4, 5, and 6). Sodium sulfate brine is a waste product produced 
essing at  the Pine Creek Mine complex. Until removal of this 
face disposal areas at Owens Lake began in 1973, the sodium 

sulfate concentration during the early 
igration of sulfate concentration 
suggested to have occurred from 

te of groundwater movement 
ing effect of trucking the 

ter of most samples from Round 
al sodium content introduced through 

ity. The anomalous sulfate content is masked in the SOS/Cl ratio by the 
entioned above. Because of the suspect nature of the sodium con- 
(Table 5-3: E, F, and 0), cation geothermometers cannot be 

- 

ably influenced by the anomalous sulfate content. 

d to the tailings stream. 

5.4 

5.4.1 Introduction 

GEOCHEMICAL PREDICTION OF AQUIFER TEMPERATURE 

Geochemical methods of estimating the subsurface temperatures at which 
water-rock reactions have equihirated have been developed by several investigators. 

the utilization of these methodologies have been provided 
the techniques of estimating the subsurface temperature 

ier and Truesdell (1974) and Fournier (1977). The subsurface 
/Ca, and the silica geo- 
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Table 5-6 

MOLE RATIOS OF THE MAJOR AND MINOR CONSTITUENTS IN THE GROUNDWATERS 
FROM THE VICINITY OF TXE PINE CREEK MINE 

Na Ca 

A 45.17 5 
3 25.52 0 

C 51.00 
D 44.20 
E 11.60 
F 10.30 
G 36.98 
H 13.11 
I 45.39 
J 88.95 
K 44.48 
L 55.31 
M 9.37 
N 23.72 
0 32.45 
P 44.29 
Q 2.14 

19 

11 
38 
88 
96 
9 

30 
19 
11 

10 
10 
15 
13 
21 
0.4 

K 

8.50 
38.27 
17.01 
19.13 
63.17 
31.30 
9.57 

23.04 
8.00 
3.64 
9.72 
6.91 

34.02 
11.60 
18.55 
7.48 

90.14 

Li 

482.93 
226.37 
226 .37 
181.10 

1307.93 
3471 04 
905 . 49 

2112.81 
804 . 88 
452 . 74 
482 93 
653.96 

3139 . 03 
348.26 

1448 . 78 
830 . 03 

99.98 

-4% Na HCO 
c 1  c 1  c 1  

4.11 
5.55 
3.08 
4.96 

13.37 
14.19 
6.94 

12 95 
6.17 
3.08 
6.17 
5.01 

14.07 
7.71 
3.08 
4.24 
1.31 

7.17 0.86 
6.28 0.53 
4.46 0.55 
6.43 1.71 
6.59 4.92 
5.58 6.86 
10.17 1.44 

7.20 5.39 
14.53 0.76 
8.13 0.71 

11.91 0.61 
10.46 0.61 
4.59 7.45 

10.46 1.12 
4.31 2.80 
9.59 1.38 

0.11 0.14 

2 E x102 x10 
c 1  c 1  

46 0 
59 0 
14 0 

80 0 

60 0 

30 4.1 
17 0 
20 0 

45 0 
57 0 

80 6.1 
18 11 .o 
16 3.7 
37 1.5 
5 1.7 
11 3.0 
6 0.8 
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5.46 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: 

- 273.15 1217 
'Ioc = fog (Na/K) = 1.483 

where Na  and K are in mg/L 

The Na/K geothermometer reportedly works well for waters equilibrated from 150 to 
20OOC (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,PF). 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 
Slayney Meadows Hot Springs. The indicated equilibrium temperature of the Easy 
Going Warm Spring is below 150°C (302°F) but above 100% (2120F) 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/Ca 

The Na/K/Ca 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% (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 C02 correction has been questioned by Mariner, -- et a1 
(1977). The Na/K/Ca geothermometer is based on the equation: 

where Na, K, and Ca are in moles per kilogram. 

i -  
t c- 

1 
i 
I 

t '  
I 
Lr 

i- B = 1/3 for waters equilibrated above 100%. 

B = 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 B = 1/3 and B = 4/3 are given. Na/K/Ca temperatures for B = 4/3 
more closely approximate the observed temperature of the cold springs than do the B = 
1/3 temperatures or the Na/K temperature. The B = 4/3 temperatures ranged from 
13.4 to 37.1'C (56.1 to 98.$F) for groundwater from granitic and metamorphic rock. 
Figure 5-7A is a plot of the Na/K/Ca temperature against the measured temperature. 
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AQUIFER TEMPERATUBES BASED ON CHEMICAL OEOTHERMOMETERS 

u temperatures in OC) 

Sica Geotherrnometers 3 

Geothermomcten (Adjusted Silica) 

9) 
CI 

0 
rn 

U 
rn n a j  0 a 

I I t g  2 
Q1 

N 
- u  Id 

d 

0 8 
s 
0 

2 z 
A 12.3 231.3 X69.5 33.2 $8.1 25.8 9.2 -34.5 -50.4 
B 19.4 123.8 110.6 15.9 53.4 21.0 4.0 -38.5 -54.2 
C 7.6 175.3 134.5 13.4 39.6 6.9 -8.3 -50.4 -65.2 

13.4 167.0 131.5 15.0 50.3 17.8 

8.3 NfA NfA NfA 44.7 12.1 - 
P 12.7 NfA NfA NfA 53.0 20.5 

0.9 -43.6 -59.0 

55.7 23.4 6 9 -36.1 -52 -3 

6.2 -20.0 -44.4 

6.9 -36.5 -52.3 
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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. 
the field analysis never varied by more than 2 mg/l (except for sample N, 
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 
durin laboratory analysis were consistently lower than the field determined concentra- 
tion f Table,5-8). The ratio: field valuellaboratory 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 this study was adjusted by multipiying the 
laboratory value by the average fieldllaboratory 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 
discrepancy in laboratory and field analysis may be due either to polymerization of 
silica or precipitation of a silica species such as chalcedony. 

Figure 5-8 is a plot of the adjusted silica concentration versus the tempera- 
ture of the source from which the water sample was collected. Also shown 'me the 
solubility lines for four silica minerals (quartz, chalcedony, u- 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 chalcedony. The silica determination for Keough 
Hot Springs presented by Mariner, et al. (1977) shows this water to be oversaturated 
with respect to chalcedony. ExceprfG 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 alluvium, 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 1 
b. 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 Table 5-9. Quartz temperatugs of groundwater from granitic and 
metamorphic rock terrain range from 39.6 to 65.9C (103.3 to 149.$F) and chalcedony 
temperatures ranged from 12.1 to 333% (53.8 to 92.30F) (both exclusive of Keough Hot 
Springs). Chalcedony 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 relationship 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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_ I  Table 5-8 

ADJUSTMENT OF SILICA VALUES FOR OBSERVED INCONSBTENCIES 

Well Field' Laboratory2 
or Determined Determined Ratio: 

Letter 
Silica Silica Field . AdjWCa3 
(mg/l) (mg/U Laboratory SiO2 

Spring 

F 13.5 ' 7.1 1.90 15.0 
0 13.5 6.1 2.21 12.8 
H 16.0 7.71 2.08 16.2 
I 17.0 10 . 1.70 21.1 
J 17.0 7.7 2.21 16.2 
K 16.5' 7.0 2.36 14.7 

6.7 2.09 14.1 
7.1 1.83 15.0 

20 4 42.1 
8.4 2.86 17 .7 - 20.4 

13 3.38 27.4 
- 
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temperature) and the Na/K/Ca temperature. A general clustering of samples A, I, J, K, 
L, and P occurs on this f i e  and on Figure 5-?A. Samples B, C, and D are isolated 
from this clustering by differences in the Na/K/Ca temperatures. The higher Na/K/Ca 
temperature clustered samples were derived from granitic rock alluvium (wells and 
springs in alluvium) and the cooler Na/JX/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 compared to that of flow through fractured 
bedrock controls exchange reactions and may in part account for the deficiency of the 0 

L 1  Na/K/Ca geothermometer r, et al. (1977) and quoted earlier. Because 
of these phenomena, only D are used to apply mixkg w models below. 
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* I  5.4.7 Silica Mixing Models 

Conceptual models mperature and fraction of the 
mponent in a m waters of differing geochemical history are 
Fournier and Truesdell (19741, Truesdell and Fournier (1977) and Fournier 
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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 graphical solution 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 99.4OC (168.6 to 
210.90F). The model also shows that the hot water component may comprise only 10 to 
13 percent of the total flow of the Easy Going Warm Spring. 

5.4.8 Hydrogen and Oxyg en Isotopes: Stable Isotopes 

Analysis of the stable isotopes of hydrogen (deuterium; HZ or D) and of 
oxygen (oxygen-18; Ole) 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 (6) from this standard. 

During evaporation and condensation in the hydrohgic' cycle, water mole- 
cules containing heavier isotopes are concentrated in the liquid phase. As water evap- 
orates from the ocean, the vapor is depleted in D and 0'' and therefore their values 
are generally negative m waters originating as meteoric precipitation. The concen- 
tration of D and Ole 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- 
ject to much reevaporation, b D  and 601' are related by the Craig (1961b) meteoric 
water expression: 

uD = 860" + 10 

Other factors which control the D and 0" concentrations are altitude, latitude, and 
distance from the ocean. 

When meteoric water enters a groundwater aquifer, isotopic as well as 
chemical changes can occur to the water. An enrichment in the Ole content of ground- 
water has been reported for many geothermal areas (Craig, 1967) and is believed to be 
due to a temperature control of exchange of O" of the water for 0" of the silicate 
minerals in the rock. Because of the low hydrogen concentrations of most of the rock, 
the 6 D  of the waters is relatively unchanged. 

Deuterium and 0" analysis of select groundwaters from the vicinity of the 
Pine Creek Mine are given in Table 5-10. 6 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 6 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. 

80' '  values ranged from -16.15 to -18.18 for the groundwaters investi- 
gated. Figure 5-11 is a plot of 6 D  versus 60" for groundwaters from the vicinity of 
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the 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 601'  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 (111, or Mono Hot Springs 
(12). A slight 6 0," shift of 0.58 per mil was reported for Keough Hot Springs and 0.20 
per mil for Blayney Meadows Hot Springs by Mariner, et al. (1977). 6 0  ' shifts of hot 
waters of the Long Valley Caldera ranged from 0.78 to E68(Figure 5-10) as reported by 
Sorey, et al. (1978). The lack of a 601' shift in the waters of the Easy Going Warm 

tions are: 1) heating of the waters was not to a sufficient temperature to bring about 

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 12.281~ears 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 artificially by the detonation of thermonuclear devices. 
Atmospheric concentration of tritium was highest from the early 1950s through 1962 
when they peaked and began to declhe 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, Canada, 
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 a) 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 (P 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 Spring 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 

same age as the cold water, is rapidly heated to the observed temperature. The lack of 
0l8 shift mentioned earlier adds no information on this subject. 

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

(u 

&d MODEL OF THE PINE CREEK MINE LOW-TEMPERATURE GEOTHERMAL 

1 

u 
nted in the previous 

e 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 Goingwarm Spring source 
waters to be 124 and 9PC (255.2 to 201.20F), respectively. The Na/K/Ca geother- 

lar and low total dissolved solids, any hot water 

steam should be 
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and clastic metasedimentary rocks of the Paleozoic pendants of the eastern Sierra, 
assuming densities of 2.6 g/cm3 (162.3 lbs/ft-') twenty percent marble and eighty per- 
cent clastics, is 9.9 cal m ' " (0.030 Btu yd-' yr-'). A heat generation rate of 21.8 

(predominently the Tungsten Hills quartz monzonite) (Wollenberg and Smith, 1968). 
cal m-' yp-' (0.066 Btu yd -.F yr-') was reported for granitics surrounding the pendant 

The Easy Going Warm Spring system discharges about 200 liters per minute 
8 gal min-'1 at 19.9oC (67.8OF). If the average annual temperature is 4% (39.2"F), 

the warm spring system loses 6.27 x 10" cal yr-' (2.49 x l o9  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 about 8 km' (1.9 mi') and can 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 
Mine is presented below. 

5. Geothermal Regime of the Pine Creek Mine 

Lachenbruch (1968) and Lachenbruch, et a t  (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 "tugsten 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 granitic 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 steadystate limits for crustal 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 plutonic 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.loF per mile) per kilometer of 
depth. Assuming the lower limit of lS°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 crosssection (Plate 2) is shown on Plate 1. Atti- 
tudes of relic bedding in the metamorphic complex and faults is approximate. 
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4 '  u Plot of Drillhole Collar Elevation versus Geothermal Gradient for 
Data Presented by Lachenbruch (1908), and Lachenbruch, -- et aL 
(1976). , 
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Plate 2 shows 10% (18") isotherms based on a thermal gradient of lS°Ckm 
(43.50F/mi) and an average ambient temperature of 14OC (572°F) in Round Valley and 
the Tungsten Hills. The measured rock temperature of 14OC (57.20F) in the Brownstone 
adit of the Pine Creek Mine was used instead of the 4°C (393°F) average ambient 
temperature at the mine complex. The isotherms are extended across the Pine Creek 
pendant syncline because of the indicated 14OC rock temperature. 

As can be seen from P h t e  2, temperatures of over 3oOC (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 confiied by 
the relatively less fractured and therefore less permeable granitics. Circulation of 
groundwater to a depth of from 500 to 1000 meters (1640.5 to 32.81 ft) within the 
syncline ls all that would be necessary to account for the Easy Going Warm Spring 
(19.PC; 67.80F) and could also account for the slightly heated waters of the Gable 
Creek spring (13,PC; 56.loF). Heating of snowmelt water, originally at about 5OC 
(41°F), infiltrated higher on the surrounding massif through direct circulation to the 
Easy Going Cold Spring would account for the 7.60C (45.10F) temperature observed. 

5.5.4 Conclusion 

Based on a geothermal gradient of 19C/km (43.50F/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. Investiga- 
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 

I INSTITUTIONAL BARRIERS ASSESSMENT 

6.1 INTRODUCTION 
I 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 description: 

All geothermal exploratory drilling will take place on the site of the 
existing milL 

The purpose of the proposed project will be to extract hydrothermal 
fluid for direct heat application at the mill site. 

I 

, 1. 

2. 

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

No surface use of land beyond the site where the mill is located is 
anticipated, 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. 

3 
4. 

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 mill 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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L granting patents to Union Carbide, the ited States conveyed away its entire interest 
in the land. Union Carbide received legal title in fee simple. This title encompasses 
b 

L Union Carbide nt  No. 1170242, which 
were granted to it in 19 ents include the land on 
which the mill is presen 

h 

e surface and mineral estates. 
u 

California maintains the 
ide patent records. These recoids congin no indication that the federal 

government reserved any ownership interest in the surface or mineral 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 Ynyo National Forest, If the mill sip 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 

b 

L 

L 

Lc Because Union Carbide has fee simple ownership of the surface and mineral 
need not obtain a federal geothermal lease. Applicable 

governmental controls will be those imposed by the State of California on geothermal 
operators drilling on privately-o land within the state. These trols are dis- 
cussed in Section 6.3 below. 
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and decisions of the  court^.^ 



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 Ameals concluded that the federal government's reservation of "all 
the &l and other rnkerals" in land patented under th; Stock-Raising Homestead Act 
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 we& and 
develop springs. The court distinguished between geothermal resources and surface 
fresh water supplies. As in the Geothermal Kinetics 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. Public 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 8 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 producing 
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. 

I 

6.2.3 , Surface Rights in the Area Surrounding the Mill  
I 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 

existing pipes which run from the mill to the tailings 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 7-91, 

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 District 
office has informally concluded that no additional Special Use Permit would be 
required, although rewriting the existing permits to specifically authorize geothermal 
surface use might be appropriate (Norton, 1980). 

I during the drilling operation. One method of disposing of the cuttings would be to use 
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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 Quality Control Board, the local Air Pollution 
Control District, and Inyo County. 

6.3.1 

6.3.1.1 Drilling Requirements 

Prior to drilling a geothermal well at  the mill site, Union Carbide must 
file a 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 unstable 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 must respond within 
ten working days in writing to an application for approval of an NOL Failure to respond 
within the ten day limit is treated as approval of the program. 

California Division of Oil and Gas 

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 
NOI. 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 NO1 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 ti 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 agency" for purposes of CEQA for any 
"geothermal exploratory project" (CAL. PUB. RES. CODE § 3715.5). The term "geother- 
mal exploratory project," defined in Section 21056.6 of the Public Resources Code, 
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means a project of no more than rtaken to evaluate the 
presence and characteristics of geothermal resources be inning development. 

e-half mile from geothermal development wells 
ic which are capable of produci ermal resources in commercial quantities. The 

proposed exploratory drilling at the mill site, if confined to six wells or less, would fit 
within this definition. No g pment wells are located within one-half 
mile of the mill site. 

cy responsibility to a county which has 
lement for its general plan. Imperial County, however, is the 

only county which has thus far adopted a geothermal element. As discussed in Sec- 
tion 7.3 of this report, a joint geothermal element is being prepared for Mono and Inyo 
Counties. DOG could elect to delegate its lead agency responsibilities regarding geo- 
thermal exploration at the Pine Cr to lnyo County upon completion of the joint 
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bilities. The lead agency must complete its responsibilities under C 
within 135days of receipt of a completed application for a geo 
project (CAL. PUB. RES. CODE §3715.5). This statutory time 
expedite geothermal exploration. Prior to passage of Assemb 
essing of environmental impact reports had taken up to one year (Nevis, 1979). 
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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 (Or& 239 Section 1.20, 1973) which is analyzed in detail in 
Section 8 of the First Quarterly Report on this project. 

activity through the Department of Oil and Gas, an argument can be made that a local 
government's efforts to control this activity through legishtion are invalid. An opinion 
of the state attorney general examines whether the state has fully occupied the field of 
drilling, operating, m a i n t a m  and abandoning oil, gas and geothermal wells (Opinion of 
the California Attorney General, 1976). If the state has fu ly  occupied, or preempted, 
the field, the Inyo County Geothermal Ordinance Is void. The Attorney General con- 
cluded, however, that the state has not fuly occupied the field, except regarding regu- 
lation of the underground phases of oil, gas and geothermal activities. The conclusion 
reached in the opinion is that local governments may validly regulate the surface activ- 
ities of geothermal operators. 

The Inyo County Geothermal Ordinance is basically a regulatory mechanism 
directed at surface conditions. The ordinance would probably survive a challenge based. 
on the state preemption issue. 

6 A SUMMARY AND CONCLUSION 

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

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 Construct and Permit to Operate from the local 
Air Pollution Control District, and a Conditional Use Permit from Inyo County. 
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Written information on air quality, biological resources, archaeological 
resources, land use, air quality and geologic hazards in the vicinity 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 time. 

7.1.2 Field Investigation 

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 geologist/hydrologist visited the project site. 

7.1.3 Interviews 

Personal interviews were a particularly important source of data and were 
quite necessary due to the relative absence of an environmental data base for the area. 
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 US. 
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. 

7.2.1 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 creek 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 Vicinity of 
the Union Carbide facilities. Morgan Creek enters the main canyon 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 a 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 

The Pine 

of the Union Carbide mining and mill 

ine is located in the Lahontan Region of the 
California Regional Water Quality Control Board (RWQCB). The mine has had two 

(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 sulphuric acid, 
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 quality should be 
prepared. 

e Creek are currently of excellent quality (Table 7-1) 
and make up a portion of the water going to the Los AngeledOwens River Aqueduct. 
Insignificant levels of contaminants are contributed by mining and milling activities at 
the Pine Creek Tungsten Mine. Th ants include: turbidity, total nitrogen, 
sulfate, sodium, and heavy metals. monitored by the RWQCB; contaminant 
levels are usually below the maximu 

(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 Figure 7-1. A 
detailed analysis of the existing water quality in the Pine Creek area is included in 
Section V of this report. 

Union Carbide Corporation currently monitors the three streams in the 
area (Pine Creek, Gable Creek, and Morgan Creel<) 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 
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Table 7-1 

PINE CREEK 
QUARTERLY RECEIVING WATERS 

Total-N & TFR in mg/l 

R-1 R-3 
TFR - -N TFR -N 

1975 
1- 0.80 

2 0.32 
3 0.38 
4 1.01 

1976 - 
1 NS 
2 0.92 
3 0.48 
4 1.35 

1977 
1 
- 

NS 
2 0.18 
3 0.42 
4 NS 

1978 
1 
- 

NS 
2 1.15 
3 1.46 

4 0.96 

1979 
1 
- 

0.1 1 
2 0.42 
3 0.45 
4 0.36 

64 0.51 
20 1.29 
18 0.51 
67 1.45 

NS 0.72 
16 1.89 
4 0.57 
39 0.50 

NS 0.34 
16 0.26 
8 0.67 

NS 0.34 

NS 0.68 
36 1.55 

4 0.63 
24 1.38 

16 0.50 
36 0.62 
96 1.19 
24 0.97 

-N =Nitrogen 
TFR = Total Filterable Residue 

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

88 
52 
52 
86 

48 
68 
96 
68 

82 
48 
52 
76 

96 
80 
24 
92 

72 
84 
76 
72 

R-5 
TFR - -N - 

1.03 396 
1.05 200 
0.61 272 
0.79 286 

0.35 296. 
0.53 276 
0.34 248 
0.42 236 

0.36 316 
0.60 185 
0.70 252 
0.40 312 

0.75 304 
1.69 248 
0.91 96 
1.14 268 

0.64 216 
0.51 263 
1.07 144 
0.50 228 

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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WATER QUALITY IN PINE CREEK AND A 
LOCAL WARM SPRING 

Pine Creek 1962 Easy Going 
Below Drinking Warm 

Brownstone Bridge Water Standards Spring (mg/l) 

Total Dissolved 

PH 7.28 - 8.70 
Li 0.008 - 0.012 

9.0 
0-7 - 0.4 

Solids (Evaporation) 80 5001 10 

- a 9.0 

0-20 501 0 

4.0 7.1 
< 0.1  Sr < 0.1 

< 0.1 Ba < 0.1 ~ 1.0 

A1 < 0.3 - < 0.3 
Zn < 0.01 
Mn < 0.01 

Fe < 0.01 
0 B 

7.2 

0.12 
27 

27 
3.6 

- 
- 

2 

7 

- 
- 

Varies with temperat 
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PINE CREEK AND TRIBUTARIES 

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

7- 1 Location of Water Quality Monitoring Stations Near the Pine Creek Tungsten Mine 
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potential geothermal resource is dependent upon the chemical characteristics 
thermal 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-domhated geothermal reservoirs: thermal pollution, hydrogen rmlfide, heavy 
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iological constraint analysis. Instead, 
biologists 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 accomplished through a large collection of 

t l  

The Pine Creek 

montanesubalpine 



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 var. papillatus) and Inyo lomatium (Lomatium 
rigidum). 

ep (Ovis canadensis californiana) is listed by the 
California Department of Fish and Game as a rare species. 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 Ridge area just northwest of the Pine Creek Tungsten Mine 
(S tefferude, 1980). 

Two mine spills in recent years, one each in 1977 and 1978, have signifi- 
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 fEh 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 vicinity 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 Po tent ial Impac ts/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 (USFatWS, 1979), California Department of 
Fish and Game (CDFhG, 1978; 1979), or the California Native Plant Society (CNPS, 
1974) are expected to occur 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. 

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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7.2.3.3 MitigationlAlternatives 

abatement recommendations are deemed necessary. 

7.2.4 Geological Resources 

7.2.4.1 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. 

Aside from standard muffling of drilling equipment, no specific noise 

~ 

The tungsten mill is located on a flat area created through filling a por- 
tion of the canyon floor with' mine tailings. Natural slopes on bedrock and talus sur- 
faces in the vicinity of the mine are steep, generally considerably in excess of 50 
percent. The floor of Pine Creek Canyon is relatively flat and is underlain by Quater- 
nary alluvium. 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 Mine is the Owens 
Valley fault. This fault is considered capable of generating a maximum credible earth- 
quake of Richter Magnitude 8.25, which at the minimum fault distance of 22 miles 
(35.4 km), would result in oundshaking due to bedrock accelerations of about 0.32 
gravity (Greensfelder, 1974r Such bedrock accelerations are approximately equivalent 
to a Modified Mercalli Intensity of M (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 ImpactslConstraints 

Geothermal development at the Pine Creek Tungsten Mine could be 
impacted by known geologic hazards. The assembly and operation of a rotary drilling 
rig in the vicinity 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 
material, 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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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 Pine Creek Canyon adjacent to the 
tailings which make up the mill pad. 

Earthquake-induced ground shaking 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. Seismicity 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 Qualit2 

7.2.5.1 Environmental Setting 

The Pine Creek Tungsten Mine Is located at the western end of Pine 
Creek Can on, on the eastern slope of the Sierra Nevada. It is situated approximately 
8000 feet I 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 cm), and the relative humidity is 19 percent a t  10 a.m. 
and 14 percent at 4 p.m. 

Winter and spring, 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 occur from 
November through April. Strong northerly winds are common through February, March, 
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priL Ithasbee t east and west winds alternately flow through Pine 
in Summer and fall. In addition, during winter d d  spring, strong westerly winds 
t higher altitudes over the Sierra Nevada, creating the 'Sierra Wave." The aver- 

age January temperature is 37.1F (2.8C); average rainfall is 1.20 inches (3.0 cm), and 
average snowfall of 23.2 inches (58.9 cm). The relative humidity averages 49 at 10 a.m. 
and 35 a t  4 p.m. (U.S. Department of Commerce, no date). 

Weather Service has not compiled meteorological data for 
the Pine Creek Tungsten Mine area. However, because of daily barometer readings at 
the site conducted by Union Carbide, pressure data is available. The lowest reading for 
the area is 22.10 inches of mercury (561 mm), the highest 22.90 (582 mm), with an 
average of 22.60 (574 mm) (Brewer, 1980). 

The mine operation is located at the head of a box canyon. Therefore, 
winds generally do not flow over the site in either direction, but instead tend to swirl 

distances up and down the canyon (USDA, 1971; Leys, 1980). If the proposed geother- 
mal  program is approved, additional hydrogen sulfide monitoring should be conducted 
prior to and during the geothermal operations. Monitoring should be conducted at 
varying distances from the mill and mine operations as well as at several locations 
within the portions of the John Muir Wilderness Area closest to the tungsten mill. 

- 

5 within the area (Brewer, 1980). Hydrogen sulfide emissions have been observed for ' /  
L 

s in the project area. One emits hydrogen sul- 
fide (H2S) and carbon dioxide (CO& the other emits primarily sulfur dioxide (S02). 

compiled by Union Carbide for 1979 emissions of H2S and SO2 (Figures 
rough 1-61. No ambient air measurements have been conducted for other pollu- 

it is expected that the amount of all types of emissions from the mill 
hat allowed by State or Federal standards (Fryxell, 1980). 

in ,the area is provided by the Great Basin Air 
ishop. Monitoring of total suspended particulates 

mine locations around the Bishop area; the nearest 
is in Bishop. This information,. including State and 

ceed the standards, is found on Tables 7-4 and 7-5. 

onoxide monitor at  Mammoth Lakes. Limited 
either station 

location to the 

In addition to TSP, the Great Basin Air Pollution Control D 

ine operation is currently entirely dependent 
steam and on electrical energy for prime 

rocessing 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 
package boilers utilizing 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 

nts of pollutants emitted into 
eothermal program proceeds, 

ed so that an assessment of air 
impacts can be made at a later date. 
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According to an environmental survey report submitted by the U.S. 

Forest Service 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 canyon. During Windy periods, fine 
lifted from the tailings dump and pollute ttling" (US% 

picnicking and 
imated that the area usage is generally 100 to 300 visitor days 

ortunities in the canyon center around travel into the John 
ea just west of the.mine and mill operations. The Pine Creek Pack 

he mill operations, provides pack service for about 250 wilderness 
Approximately 22 50 backpackers leave yearly from the trailhead 

near the confluence of Gable Creek and Pine Creek (USDA, 1971). These people are 

u 
ti 

e air on a local basis 

Few fishermen use Pine Creek due to the lack of 

Lc, 1971). 

resort facilities. it G 
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Creek site will be located on previously graded surfaces, eliminating the major grading 
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7.2.5.2.1.3 Flow Testing 

The most probable adverse effect of the Pine Creek project on air 
quality wi l l  occur during well cleanout; any noncondensable gases such as H2S may be 
noted at nearby locations. Considering that only one injection well and one production 
well are anticipated at the site, the magnitude of this impact is expected to be low. 

7.2.5.2 S.4 Operational Emissions 

During operation of the geothermal system, amounts of H2S could be 
emitted to the atmosphere. These amounts should be fairly low, due to the size of the 
project. A's previously mentioned, this emission is currently the site 
because of the mine operation. Therefore, any addition would i increase 
the present levels. 

A definitive source receptor analysis of hydrogen sulfide emissions is 
possible becawe of the definite source and low threshhold of odor nuisance. By 
applying a Gaussian diffusion equation to a wide scenario of meteorological conditions 
and input characteristics, the probable "envelope" of potential HzS impact during well 
flow testing could be defined. This would probably be necessarysince Union 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 monitoring measurements of pollutants in the Bishop 
region, and on air monitoring occuring at the site, a 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 sitespecific 
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 relatively 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 mine site; sulfide emissions 
are generally dispersed by this point. 

The cumulative impacts of all emission sources is anticipated to be 
small, with the most serious impacts to aesthetics in the surrounding 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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Although the project impact is small, especially during the operational 
e program when emissions are essentially negligible, certain specific actions 

will help minimize the air quality impact. Regular watering during any dust raising 
construction, drilling and testing activities reduce local dust levels. If the num- 
ber of vehicles traveling to and from e site preparation phase is 
anticipated to increase, then restricting direct acce e site, or preparing an oiled 
access and parking area could reduce air quality impacts from vehicles. New employees 
should be strongly ene ion Carbide Corporation. 

b 

L 

b d  

The fact that geothermal energy w i l l  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 

ns can be computed and compared with 
ay be neces- 

The project site is located at the western end of 

The Union ‘Carbide 



and mine to the tailings ponds are highly visible from the road. The silver tunnels used 
to encase the pipelines 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 
surrounding wilderness forested areas as well as from the road. 

The Union Carbide Tungsten Mine, mill, and related facilities are located 
just north of Pine Creek and immediately west of Morgan Creek. A narrow dirt road 
switchbacks 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 scenery but is dominated and dwarfed by the surrounding mountain sce- 
nery. The rock crusher 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 
which are not aesthetically pleasing. 

The mine, mill and related facilities are expected to be visible 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 
previously used mine portals at  higher elevations on #e east side of Morgan Creek and 
any mining machinery left in that vicinity are probably visible to hikers and packers 
visiting 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 monitoring 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 electric substation, where much 
machinery already exists. Thus, the aesthetic impact would be insignificant. In addi- 
tion, the drilling rigs would be temparary. 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 located 
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- 8 Bureau of Land Management Bishop Resource Area 





Several tailings ponds are located adjacent to the road south of the mill 
ea near the confluence of 

, mill and related facilities 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 activities 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 previously used 
mine portals and facilities at 11,000 feet (3353 m). 
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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 as 
much private land as possibk; 2) construct 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 wil l  be more easily restored to 
natural conditions upon closing of the mine (Leys, 1980). 

7.23.2 Potential ImpactdConstraints 

The addition of a geothermal resource program to the immediate vicinity 
of the Pine Creek Tungsten Mine and mill would probably have no significant land use 
impacts 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 rehabilitation of the area; it has not proposed the 
elimination of the current uses. 

If the proposed geothermal well drilling and testing period generates a 
substantially hrger 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 Hkely 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 are4 and thus, the reduction of the quality of the wilder- 
ness experience. However, it should be noted that many natural geologic features emit 
sulfurous odors and it is possible.that this odor might be present in the area even 
without any manmade intrusions. 

In summary, there are no potential 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 Mit  igation/Alternatives 

The proposed geothermal program would have the least land use impacts 
I 

, if the wells were located in the immediate vicinity of the existing mill and related 
i facilities on the lower level (8000 feet). 

7.2.8 Archaeological Resources 

7.2.8.1 Environmental Setting 

The Pine Creek Tungsten Mine is situated at an elevation of approxi- 
mately 8000 feet above 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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utcrops in the vicinity of the tungsten mill that could have been used for milling or 
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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 
further analysis or research. 

Should cultural resources be discovered on OF 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 Historic 
Preservation, the Native American Heritage Commission, and other involved agencies. 

7 03 KNOWN DATA SOURCES NOT YET REVIEWED 

The Natelson Company, a private consulting firm in Los Angela, is preparing 
a joint Geothermal Element of the General Plan for Mono and Inyo Counties with a 
specific element for each County which'should be available by fall 1980. Environmental 
shtements 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 pertain 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 area, 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 
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The environmental assessment failed to turn up any potentially significant 
environmental 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 6f 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 ed to monitor any changes in the 

good deal of water quality monitoring in Pine Creek Canyon. This should be continued 
and tied in with the biological and visual 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 potential environmental effects to a 

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. A t  the minimum, this monitoring should measure the 
amounts of hydrogen sulfide and particulates. A quantitative analysis should then be 

I health of the forest for the duration of the geothermal program. There is already a 
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GY SOURCES 

INTRODUCTION 
I 

tallation of a geotherm described for use at  the Pine Creek 
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- 

Lr 

4L 

tainous terrain to reach the mill site. 

brine decrease 



FfGURE 

8-1 ALTERNATE SllE LOCATION MOND-CONG VALLEY KGRA 
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k , high temperature fluid s be transported to a ge 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 factor can be achieved at the 
mining complex because of the industrial water requirements. The tungsten 

mill ncrmally 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 increases, due mainly to additional pumping costs, the unit 

Ld 
kr 

i 

Li 
t 3  

kJ 

G s are spread over more its of production. 

L 

, cost of delivered energy decreases as the load factor of system capacity increases (see 

L l  

The Mono-Long V GRA i s  a major exploration target of geothermal 
t 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 f t )  
in T3S, R28E, Sec. 32. These wells had temperatures ranging from 157-181C (315- 
358F) as shown in Table 8-1. A t  these depths, the pressure ranged from 7.5 to 39 psig, 

,000 lbs/hr, and the hot water produced ranged 
e geothermal fluids suggests a 

” ?  (U.S. Department of Interior, 

u 

ii 

ite was chosen within the Mono-Long Val- 
part for the minimal environ- 
vironmental Assessment pub- 

(Rice, 1980). This project 
nt siting and other activi- 

site is approximately 
Us have been drilled. 
hermal wells and its 

ts for right-of-way and 

ally allows drilling of deep 
to geothermal development. 

as related to the 
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Table 8-1 

WELLS IN MONO-LONG VALLEY KGRA 

I e Brine Data 

32,184 f t  N, 655 ft E, Constituent Concentration 
Si02 278 

Well data: Ca 2 
Trace 
2 36 Temperature - 178C @ 122 meters 

Flow information - 69,300 lb/hr steam, K 62 

Depth - 192 m Mg 
L 

Na 

473,000 lbhr water at 39 psig and Li 4 
148C Fe 5 

Ph - 7.50 Al 2 
B 60 
c1 266 

sos 108 

Sources: McNitt 63, Witham 76 
i; 

Concentration 

233,500 lb/hr water at 38.5 pig, 181C 

None Available 

L, 
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Table 8-1 (Continued) 

ENDOGENOUS 4 

Location: T3S, R28E, Sec. 32,797 f t  N, 884 f t  E, 
from W Q cor. 

Well data: 
Depth - 156 m 
Ph - 6.50 
Temperature - Not Given 
Noncondensable Gas in Steam - 0.87 percent 

by weight 98.64 percent of gas by wt. is 
CO2, 1.36 percent H2S 

MAMMOTH 1 

\ 
Location: T3S, R28E, Sec. 32,1240 f t  N, 3043 f t  E, 

from NQ cor. 
Well data: 

Depth - 324 m 
Temperature - 148C maximum 
Flow information - 25,000 lb/hr steam, 

471,000 b/hr water at 7.5 pig, 132C 
Ph - 8.00 

Brine Data 

Ca 
Na 
K 
Li 
B 
c1 

soh 
H2S 

F 
"3 
co2 
As 

4 
308 
32 

11 
227 
96 
14 
20 

.3 

.1 

.2 
iao  

Brine Data 

Constituent 
Si02 
Ca 

Na 
K 
Li 
Fe 
Al 
B 
c1 

sob 

Mg 

Concentration 
292 
30 

Trace 
247 
71 
3 
4 
1 

49 
30 1 
124 

Sources: McNitt 63, Witham 76 
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I t 
1. Since the altemte site is located on federal lands, leasing require- (&7 ments and procedures for geothermal exploration on federal lands 

should be discussed. 

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. 

1 
t 

2. 

3. Finally, governmental controls over surface use along the transmis- 
sion corridor should be described. 

8.2.5 General 

Environmental constraints of developing an alternate site for delivery of 

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 

L 
geothermal fluid will be discussed in more detail in the final report. An engineering 

in the Mono-Long Valley HGRA could be reduced or eliminated if the waste heat from a 
geothermal power plant is used for energy input at the Pine Creek complex. 

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 

$ 

b 
1 

I 

Relocation of the tungsten processing plant to the Mono-Long Valley KGRA E 
I 
II 
11 
L 
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HYDROELECTRIC POWER AT PINE CREEK 

The potential of hydroelectric generated power at the Pine Creek tungsten 
complex was investigated to determine theoretical and expected power output for a 
micro-hydro system. In order €0 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 available 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 
us@ the formula P = 62.4 lbs/fts x Qkh (Alward, 1979). A rough estimate for the 
theoretical power pT&uction and a cost etimate of the penstock for the associated 
power output is shown h 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 
flowing 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 8 generator, alternator, or some mechanical system. 
Typical efficiencies for hydroelectric generation sytems range from 50 - 75percent 

t 
I 
& 

with the higher overall efficiencies occurring with the high speed, high heat turbines. 
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THEORETICAL HYDROELECTRIC POWER FOR PINE CREEK 
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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 approximation for piping costs 
at the sitespecific 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 a 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 &ring peak load hours. If further investigation appears to 
be advisable, hydroelectric power production will be researched to a greater extent in 
the final report. 
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EXPECTED HYDROELECTRIC POWER FOR 65% EFFICIENCY 
J 

I FIGURE 

18-5 
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4 APPENDIX A 

The method for calculating 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). 

t: 
t i  

eJ 

a 
I '  

HEAT FLUX CALCULATIONS 

i, WALLS 

= s/100 (us) + (1 - m o o )  ui 'av 

'av 

ui 

= average U value for building section 

= U value for area between framing members 

= U value for area backed by framing members 

IIkJ 
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CEILING 

Coefficient for pitched roofs (see Figure A-3) 

= 2.33, Ui = .43 R, = 6.71, Us = .149 

10% framing typical of 2 in. rafters 

'av 
'av = .402 Btu/(hr.ft2*F) 

FLOORS 

See Figure A-3 

= l O / l O O  (.149) + 90/100 (.43) 

= 13.68; Ui = .073, Rs = 11.74, Us = .085 Ri 
Typical 10% framing of 2 in. boards 

= .1 (.Os51 + .9(.073) 'av 
'av = .0742 Btu/(hr*ft2*F) 

TOTAL HEAT TRANSFER COEFFICIENT 

- 
Ut - ('walls x wall mea) + (udoor x door area) + (uwhdow x window area) 

x ceiling area) + (Uflmr x floor area) + (infiltration) 
+ ('ceiling 

MILL CHANGE ROOM 

Volume = 42 x 32 x 10.4 f t  = 13843 f t  3 

Exterior walls gross 

(42 f t  x 10.3 ft)2 = 434 

33 1 
7 

(32 f t  x 10.3 ft)2 = 

765 sq f t  

DOORS 

2 (3 f t  x 7 ft) = 42 sq f t  

WINDOWS 

5 (3 f t  x 1.5 ft) = 22 sq f t  

A-2 
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EXTERIOR WALLS NET 

765 -42 -22 = 701 sq f t  

CEILING 

(29 f t  x 32 ft) = 1856 ft2 

FLOOR 

42 f t  f t  = 1344 ft2 

= (701 f t2  x 0.0882 Btu/hrft2*F) + (42 ft2 x 0.28 Btu/hr.ft2*F) lu utotal 
+ (22 sq f t  x 1.10 Btu/hrft2*F) + (1856 sq f t  x 0.42 Btu/hr.ft2*F) 

& + (1344 sq f t  0.0742 But/hr*ft2*F) 

= 977Btu/hr*F Utotal 
u Total heat flux = Total heat transfer 

i = (977 B t u h r F )  6O0F 

Total heat flux = 8 . 8 5 ~ 1 0 ~  Btuhr  
Iw 
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FLQOR . 

RESISTANCE VAUlES (tii x h x°F/8TU) 
BEIWEEN FLOOR JolsTs A t  FLOOR JolsTs 

0.61 0.61 
0.47 0.47 

11110 
9.06 

094 0.94 
0.05 0.05 

0.61 0.61 
13.68 R, 11.74 

- - 
R1 

a73 U, = Bo85 UI * 

CEILING 

HEAT FLOW UPWARD 
RESWANCE VALUES (ft2 x h x V / B N )  

BEnrvEpl R A m s  AT RAFTERS 
0.62 0.62 

4.38 2 N O M N A L ~ . X ~ ~ C U U N G R A ~ R  
3 314mPLYw000 a93 093 
4 CORRUGATEDSTm.ROOFPK3 0.61 Q.61 

5 OVrslDE SURFACE (16 hlPll WIND) - 0.17 - 

1 NSDE SWFAC€ (STeL AR 1 

0.17 
233 R,= 6.71 

FLOOR AND CEILING CONSTRUCTlON Fi G u R E A- 3 
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CONFIRMATION PLAN 

A potential low temperature geothermal resource was identified 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 minek 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 w f up to lOPC (2120F) 8s 
the thermal compon 

Confirmation 212% 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 collectio S ill all0 ibility analysis of pro- 
ceeding to each sequential phas 

the observed warm 

lu’ 
mica1 and Geophysical 

L - Task: Geochemical studies of the individual diamond &illholes 
and fracture springs which contribute to the Easy Going 

I Warm Spring system and identification of other ground- 
Id waters in the mine which may have a thermal component. 

Geophysic ts in the mine should include 
I heat flow at various locations h i d e  the 

Pine Creek Mine complex and thermal gradient measure- 
ments at  various locations in existing drillholes. Seismic 
monitoring should be designed and conducted to reveal the 

, 

tu 
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I 

k 

El 



Phase II. Exploration Drilling 

Task: - Drilling a small diameter intermediate depth range hole 

hole geophysical measurements and monitoring geochem- 
istry of fluids encountered. Borehole geophysics should 
include induced current and gamma 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. 

I (600-1000 meters) (1968.6 to 3281 ft), performing bore- 

Discussion: 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 w i l l  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 evahtated. 
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. 

Drilling (1000 m) $175,000 
Expendable Materials (casing, etc.) $ 25,000 

TOTAL $224,000 

- 

Cost Estimate: Move-on Costs $ 12,000 

Data Analysis $ 12,000 

Phase III. Drilling and Test Production Well 

Task and 
Discussion: 

The production diameter drillhole should be drilled to the 
depth indicated in Phase II. W e l l  completion should be per 
appropriate regulations, leaving the production zone 
chosen during drilling uncased. Perform borehole geo- 
physics as in PhaseII and run short duration production 
tests to determine feasibility of continuing project. 
Determine bottom hole temperature and make estima- 
tions of fluid productivity. If appropriate, proceed to 
next phase. 

1 
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A Cost Estimate: Contractor Drilling and Supervisor 
Rig-up and Tear-out 
Drilling Fluids 
Nonsalvable 
Transportation 
Contract Services 

r 
(directional tools, surveys, 
etc., drill pipe, bits, etc. 
other subsurface services) 

Conductor Casing 100' - 10" 
Surface Casing 1000' - 13 3/8" 
Production Casing 7000' - 8 5/8 
Tubing 1000' - 2 7/8 
Well Head 
Master Valve 
Well Pump and Motor 
Cementing 

TOTAL 

Id 

1 
I /  

Id 

w wing valves 
i 
I 

$ 504,000 

$ 25,000 

$ 82,500 

$ 200,000 

$ 12,000 
$ 22,000 

$ 7,500 
$ 37,500 
$ 172,500 
$ 30,000 
$ 15,000 
$ 7,000 
$ 45,000 

$ 7,000 

$1,180,250 

$ 20,000 

L Drill Reinjection Well and Test . 
Production Well 

injection well to the depth and design selected 
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- 
ical testing. If indicated from well testing, proceed with 
the project. 

l l i  

r '  

$590,000 
h 

$300,000 

$890,000 
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