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ifself offers a generous reserve of energy wh1ch can be turned to

”e1ectr1c1ty on a conme“c1a1 scale.

wa1t1ng to be d1scovered in the western United States and might provxde

A yes answer would g1ve hope a]so that other such sources are’

]arge contrlbut1on to the nation's domest1c energy supp1y.A

‘.down more than a n11e, fo]]ows more than a year of exploratory research

:to assess the nature and size of a format1on of hot rock and its sub-

The "spudd1ng 1n,“ the first b1te of the drill for a well going

surface character1st1cs.

The project has been funded from the beg1n11ng‘

hy the Nat1onal ‘Science Foundation.

d1scovery there of an abnorma]ly high heat flow from the earth, without

“the geysers, steam, hot springs, or volcan1c res1dues usua]ly associated

The site, 10 to 12 square miles in area, attracted attent1on upon

with such a heat source below.
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To scientists, the circumstences SL””“S»“A the presence bensath
the surface of a you"g intrusive rock mass, S”Cr1CTCWL|j hot and closa

to the surface to proguce what the rc»oarbuers call the ary""111e
"geothermel anomaly."

The possiblility that what may be found at Marysville may exist
elswhere in the west arises from the Tact that the western United States
is geo\og1ca1]y nevar than the eastern part and more likely to hold such:

The Marysville intrusive, if confirmad, would be the first of its
kind penetrated by a drill. The hypothesis pictures a process wherein
molten rock tTormed in the mantle of the earth made its way through the
crust without venting at the surface, presenting a formation at an

accessible "depth which has cooled sufficiently to harden, but is still

hot.

When the drilling results become availabie, it will be known if the
site is hot and wet; hot, dry and fracturaed; or hot, dry and not fractured.
Fracture of the rock is important because fracturing permits greater sur-
face area of hot rock to be in contact with Injocbed water for greater
efficiency in producing steam. Methods usao]e in converting.the hoat to

e]ectr1c1ty depend on the answer.

The working assumption is that the rock is hot; 760° tc 800°F at
6000 fi. depth. If the rock is wet, the task wiil be to harness its
steam. If the rock is wet, the task will be to harness its steam. If
it is dry and fractured, the task will be to intrcduce water from the
surface and harness th2 resulting steem. If the rock is dry and un-
fractured, various methods of fracturing can be triad to make it permeable
to injected water. In any case, electric powar would be obtained by getting
steam from the rock and running it through a turbo-generator. The steam
would then be condensed and recycied into the rock formation. '

The Marysville project bagan as -the result of basic research, Because
of “the power generating pctential and eccnomic implications for other
areas, the work has bean carried into applied research. Dr. David D.
Blackwell, of Southern Methodist University, carrying on geophysical-
studies supported by tho Research Directorate of the National Science
Foundation, discovared "“an asternishingly high heat flow" through measure-

- ments in sha]]ou w2lls in the Marysviile mining district. Exploratory

evaluation which foliowed, snonsorOd by the Foundation's Research -’
Applications Directorate, deve.ouef strong evidence for the hypothesis
which the dr1111ng this summer will tast. .

_There is some Gplnxon that thz Marysville *be;“el anomaly may result
from steam trappad ne2ar a a deeper intrusive. If this is so, it suggests a

conclusion, regarded ty the reseaich team as excezdingly important, that
hidden steam fialds may be more common than heretofore thought.
-more-
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in additiOn toldeep well drilling in the summer of 1974, geoséience

studies will include completion of geological mapping, heat flow ahalysis

‘ from eight additional 200-feet wells, further micro-earthquake studies,

and surveys of variations in magnetic and electric. current man1festat1ons
as 1nd1cators of subsurface structure, .

. The total funding for the 30-month prOJect is programmed at $2,448,500.
Battelle Memorial Institute, Richland, Washington, is the grantee .

institution, and the Principal Invest1gat0r is Donald H. Stewart.

Participating in the work are Southern Methodist University,

Dr. Blackwell; Rogers Engineering 6., San Francisco, James D. Kuwada;

Systems, Sc1ence and Software, La Jo]la California, Dr Russell E Duff;

" and the University of Utah Dr. Stan]ey H. Ward.

-END-
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How geothermal wells are
drilled and completed

John Cromling, Drilling Engineer, Big Chief Drilling
Co., Oklahoma City, Okla.

~ 10-second summary
! Unusual and costly operating problems have been
L i solved in perfecting techniques to drill and complete §¥
’ steam and hot brine wells. This article presents detailed J
information on surface and downhole drilling equipment; ¥

i casing design; mud and cement programs, and comple-
.t tion procedures.

Bic Cuier DriLing Co. has developed unique meth-
ods and equipment for drilling and completing geother-
: . mal wells in California’s Imperial Valley and in the Gey- B
Yo .. . sers area, 75 miles north of San Francisco in Sonoma §'

‘ -, County. These are the two areas in the United States
where active geothermal development is underway. -

Abnormally high temperatures to 500° F, very hard

drilling and excessive erosion of downhole and surface

~ cquipment are a few of the problems which make geo-

o . thermal wells relatively expensive. A 3,000-foot Imperial

’ Valley completion costs about $125,000 and a 5,000-foot

well about $200,000. In the Geysers area, a 7,000-foot

well costs some $350,000. However, wells are profitable

to the producer. A Geysers well capable of producing .
200,000 pph of steam is comparable in value to a 250-bpd

oil well. .

Imperial Valley wells produce hot brine while super-
heated steam is produced from Geysers area wells. Asa |
result, drilling and completion techniques vary between -
areas. This article outlines methods and equipment now
used successfully in both places.

.

DRILL SITES
Imperial Valley locations usually are not a problem
since terrain is nearly flat. Drilling water is readily ob-

A9

- ‘FIG. 1—Big Chief Drilling Co. is drilling for geothermal energy

{ in the Imperial Vailey and Geysers areas of California. Imperial

Valley wells produce hot brines, while Geysers wells produce
dry superheated steam.




. “tained from irrigation canals which cross the valley.

. Geysers area locations cause problems because of rug-
ged, mountainous terrain. Often, drill sites are con-
structed as small as possible due to economic reasons and
blasting is often required for location clearing. Normal
- drill sites cost as much as $10,000 and some as high as

$40,000. i
~ Some. operators use surface spring water for drilling
operations, but the main water source has been a creek.

On some remote locations, water must be hauled by truck.

Natural borehole drift also is considered before selecting

a location. All these factors tend to increase location costs

and in some cases reduce efficiency of the rig.

'

. DRILLING RIGS

Most Imperial Valley rigs are rated for 3,000-7,000

feet. The preferred rig usually consists of a 250,000-
pound derrick to handle the liner, the largest hook load,
with 300-hp drawworks powered by a 450-hp engine. In-
-dependent mud pumps are driven by 500-hp engines. Drill
string is usually 3V4-inch drill pipe and 6-inch drill col-
lars. :
Geysers area wells require drawworks and drilling en-
" gines of at least 1,000 hp and two 600-hp mud pumps.
The 17V,-inch Geysers surface hole requires high pump
output. The rotating system must tolerate excessive torque
and shock loading. Rotary clutch, shaft and chains are
susceptible to damage and must be properly designed to
. match the job. Direct drive between the power train and
rotary table should be avoided. This is accomplished by
using fluid couplings on the compound or an independent
rotary drive which absorbs shocks transmitted through
~ the system. :

CASING DESIGN

Normally, 20-inch conductor is set at about 110 feet

“in Imperial Valley wells by a rat hole rig.

A 1,050-foot, 17V4-inch surface hole is drilled for 1334-
inch 48 ppf H-40 surface pipe with buttress connections.
The string is a normal design except for buttress connec-
tions needed to overcome heat expansion stresses (Fig. 2).

A 77g-inch hole then is drilled to TD, varying from
2,600 to 6,000 feet. This small hole has the advantages

of:

® Drilling faster -

® Lower bit costs

® Better surveying

. Lowé.r stabilization costs
® Easier testing.

If the well is a potential producer, the pilot hole is
opened to 1054-inch to the necessary depth.

Production string .is usually 8%4-inch (Fig. 2) and a
combination 36 ppf ]-55 slotted liner and 32 ppf J-55
blank liner. Hung at about 900 feet, the liner acts as a
slip joint to allow for thermal expansion prior to cement-
ing and permits larger hole sizes in the upper portion to
accommodate downhole pumps used to produce hot brine
from the well.

. 20" CONDUCTOR; @ 100200 -

A R D

13%" SURFACE 43

174 HOLE , 3%

- CASING @1,000' |5 . 1
. 1T%” HOLE )
BLANK LINER
2,000 .
“10%" HOLE—

STAGE T0OL 3,000 3 casing @ 25003
- BRIDGING BASKET g "
' . : ‘e b ¢ 2 hl
8%" SLOTIED ! A %
Ehd 4,000 ] 12 HOLE
B 3
' 3
. 3 S ¢
L 5.000 . SN ]
IMPERIAL VALLEY COMPLETION 320%” LINER FROM . /
: : 2} 22005800,
6,000 S
3 . N
JOPENHOLE -
. . ) . ) - COMPLETION + .

2000 NS T

. " '8y HOLE TO 7,000° TD:
, PR
! " GEYERS AREA COMPLETION ~ -

FIG. 2—Imperial Valley wells are completed with 8%-inch
liners. A slotted section, run on bottom of a blank section,
Is set through the produoctive interval. Geysers area wells are
completed open-hole. A 95%-inch liner is set just above the
steam zone prior to drilling the well in.

In the Geysers area, 20-inch conductor is set at 100-200
feet. A 17V4-inch surface hole then may be drilled in one
pass or a 12¥4-inch pilot hole may be drilled and opened
to 17Y inches (Fig. 2). Sometimes the latter procedure

- reduces over-all bit and stabilizing costs, and the prob-

ability of drill string failures.

Surface pipe is usually 1334-inch K-55 61 ppf with
buttress connections for heat expansion. Surface strings
are set at 1,000-2,500 feet, depending on local geology.
Purpose of the surface string is to case off numerous
shallow water flows, unstable serpentine and fractured
graywacke.

A 12Y4-inch hole is drilled below surface casing to just
above the anticipated steam zone to accommodate a 953-
inch K-55 36 and 40 ppf buttress liner. This liner shuts
off deep water flows and covers as much open hole as
possible prior to drilling into the steam zone. A much
cleaner well is provided thus protecting production equip-
ment from unnecessary erosion. ’

An 834-inch hole then is drilled to TD and the well is
completed open hole.

MUD SYSTEMS

“Fresh water gel-lignite muds are commonly used in the
Imperial Valley. Lignite acts as a thinning agent, counter-
acts high temperature effect and reduces viscosity by pre-
venting clay particles from uniting. Normally, mud weight
is 75 ppcl (10 ppg) with funnel viscosity of 35-40 sec-
onds. Solids content, kept to a minimum, aids drillability

by reducing heat-carrying capacity of mud.
No high pressure zones are encountered and mud

¥
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welght is maintained for hole stability. Lost circulation is "

not a scrious pnob]em but it is advisable to wait a few
hours after experiencing a loss to allow the formation to
heal. Both lost circulation material and cement have been
used to regain circulation.

The critical factor in the mud system is the high temp-
erature of circulating mud. Most Imperial Valley holes
have BHTs near 500° F and circulating temperatures of
200° F. On extremely hot wells, a cooling tower is used
to. reduce circulating temperature 30°-40° F, cnough to
keep the mud in a usable fluid state.

Geysers drilling fluid is usually a low solids gel, tanna-
thin and fresh water system, which has proven most prac-
tical because of excessive lost circulation. As temperature
increases with depth, mud dehydrates and become viscous.
Steps then must be taken to counteract increased viscosity
so that a usable drilling fluid is maintained. It is advan-
tageous to use a large, high speed shale shaker, desander

and desilter to remove drilled solids. Also, pits must be

cleaned each tour and sometimes more often to maintain
a low solids system, particularly while drilling 17%-inch
hole.

Cooling towers norma]ly are not used in the Geysers,
but large fans may be installed to cool the 200° F mud
20°-30° as it crosses shale shaker screens.

Severe lost circulation occurs in large fractured inter-
vals. Cottonseed hulls (12 pounds/barrels) may be used
to heal the zone, but cement is sometimes necessary.

Where possible, Geysers wells may be air drilled to in-
crease drilling rate and reduce lost circulation. Often, air
cannot be used in top hole sections because of water
zones. However, it is necessary to air drill stcam mtervals
to avoid damaging the well.

BITS

One first stage bit will usually drill 17Y2-inch surface
hole at 50-70 fph in the Imperial Valley, depending on
hole conditions. Weight and rpm are not critical because
of soft formations. Hydraulics dictate drilling rate, which
is regulated to maintain hole stability.

A 7%-inch pilot hole is drilled to TD using first stage
bits. This portion drills almost as fast as hole stability and
drilling conditions will allow. Normally,
1,000 feet in about 20 hours. If the hole is potentially
productive, it is opened to 1094-inch using a hole opener.
The opener will penetrate about twice as fast as initial
drilling, with no problems other than occasional lost cir-
culation. Generally, Imperial Valley formations drill very
fast with a minimum bit cost.

Shallow formations in the Geysers are hard. A second
stage steel mill tooth bit is required for spudding. All
available drill collar weight must be used and the rotary
must be turned at a speed which allows.the bit to run
smooth. Faulted ‘and fractured formations cause the bit
to jump and bounce unless weight and rpm are coordi-
nated properly. Often, higher drilling rates are sacrificed
to preserve the bit and surface drilling equipment.

Carbide insert bits commonly are used at about 1,000
feet and drill at 20 fph in the surface hole. If necessary,
12Y4-inch pilot hole can be opened to 17V-inch using
bits or hole openers, with bits more economical and safer.
Generally, 17V,-inch hole is opened three times as fast as
the 12V4-inch was drilled if hydraulics and dnll collar
sizes are optimum.

a bit will drill -

Hole below surface casing is drilled with insert bits but

sometimes a third stage tooth bit is required. Cost per foot |

of hole drilled recently has been reduced using insert bits
in this section of hole. Drlllmg rates are 10-20 fph with

mud and 10-35 [ph with- air, where apphcable Hole, g

below the liner drills at 25-75 fph with air and insert bits,
Geysers drilling programs vary greatly and every well

must be drilled as a wildcat due to variations of local §: -

faulting and lithology. ‘
GEYSERS DRILLING PROBLEMS

Hard abrasive rocks, fracturing and complex faulting [
cause crooked holes in the Geysers area. But the problem
can be reduced if the surface location is.picked to take
advantage of natural drift. Ultra-packed hole assemblies
and large OD drill collars reduce dogleg severity to the
2° per 100-foot range. Deviation build up at3° per 1,000

feet is normal and presents no - problems if dogleg severity

is minimal.

Sometimies, optimum locations are not feasxble due to
rough terrain, thus restricting total bottom hole displace-
ment of the well bore, or requiring the well to be direc-
tionally drilled at considerable expense. As much " as
$100,000 can be added to total well cost on difficult jobs. §
Directional work should be performed as shallow as
possible due to hard formations and detrimental effects of

high downhole temperatures on directional tools. A -bit - §

normally will be worn out in 30 feet or less while drilling
at high rpm associated with mud motors.

Drill strings also are subjected to severe conditions in -
the Geysers. Hard fractured graywacke and chert in 17V;-
inch hole contribute to excessive torque and bouncing of
drill pipe. In some cases, torque has been so great that it
is virtually impossible to turn the bit with any .degree of
success while using as little as 40,000 pounds drilling
weight. Many twist-offs and failures, occur in thls portxon
of the hole. .

Drilling 12%-inch hole is similar except that it is
smaller, there is less whipping action in tool joints and -
temperatures are higher. Formations are essentially gray-
wacke, chert and serpentine stringers.

The worst hole is that part drilled with air. Near bot-
tom, steam may enter the hole. Steam plus air causes-se-
vere erosion of drill pipe tool joints, due to hard abrasive
cuttings traveling at high annular velocities. Depending
on steam production, return velocities range from 6,000-
10,000 fpm. Tool joints can almost be cit off the drill
pipe and hardband can be completely erased. Thus, drill
pipe must be inspected before each well to guard agamst
failures.

Often over 50% of a drill smng is useless after drxlhng
one geothermal well in the Geysers area. Drill collars
are usually inspected on a weekly basis during drilling.

Drill strings are considered expendable, especially drill
pipe. Drill collar joint fatigue, due to bending stresses
and harmonic vibrations, is accelerated 10-20 times, com-
pared to most areas. Drill pipe. and drill collar mainte-
nance, including discarded drill pipe, is about $25,000-
$35,000 per well. .

‘ CEMENT

The most succesful slurry used in the Imperial Valley
isa 1:1 ratio of premixed neat and perlite cement with
4% gel. A 150-barrel cool water flush precedes cement
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" to allow for high temperatures. "The 83-inch liner is
cemented in stages using a DV tool and bridging baskets
to protect the slotted section.

Another popular slurry has been a 1:1 ratio of neat
and perlite with 40% silica flour (to prevent compressive

.f. strength retrogressxon) and a fnctlon reducer.

J To guard against ‘surface casing partmg, cement is

" i " circulated back to surface. Casing and cement coefficients
!

. of thermal. expansion are nearly identical, thus cement
;. and casing will expand together
.~ Cementing Geysers wells is similar to cementmg decp
- % gas or oil wells with high BHTs. Conductor is cemented
+f with a slurry of Class G and CaCl;. Surface casing
'§ slurry is a 2:1 ratio of Class G and thepoz with 30%
} silica flour-and retarder. To reduce pumping time down

.« .§..-available, cementing is through drill pipe using a “stab
w14 in” type float collar. -

Liner slurry is a -1:1 mixture of Class G and Litepoz
with 309% silica’ flour, retarders and friction reducers.
This slurry is exposed to higher temperatures and more
retarders are used, plus some friction reducer additives.
Sometimes, drilling fluid gels due to heat and pressure
as the liner is run. Highly gelled or partially solidified
», mud can cause bridging, making it necessary to squecze
. the liner -top: ‘A retrievable packer is set in the 13%-
~§ - inch immediately above. the liner hanger and cement is
. §1 pumped through liner hanger ports down the liner an-
nulus. About 50% of Geysers area wells require liner
"top squeezmg o

: BOP EQUIPMENT
' BOP equipment is subjected to extreme damage from
heat and abrasion. A recommended stack (Fig. 3) from

. ¥ bottom to top consists ‘of :

1. Casing head with ﬂanged wmg outlets containing
'} internal plug receptaclea which allow changing wmg
‘valves without lullmg the well.

~ 2. Full opening gate valve with stainless trim, later
used as a permanently installed production valve.

1 . '3, Wear flange to ‘protect, the valve while dn]lmg

4. Two sets of ram BODPs to shut -in the well for
‘ repaus on the banjo box or blooey line.

5. A ban_]o ‘box (modlﬁed QRC body to which the-
bloocy line is attached) which is subjected to severe-
erosion’ as steam and cumngs are diverted out the
blooey line.

v

r] 6 A double set. of ram BOPs, which allow the well

% About the author :
771 . JOHN CROMLING gained oil field experi-
ence working as a roughneck in Alaska
and as a drill pipe inspector in South
Texas prior to receiving his B.S. degree
in petroleum engineering from the Uni-
versity of Oklahoma in 1970. After
- graduation, Mr. Cromling joined Big
- Chief Drilling’ Co. as an engineering
trainee and worked on several rigs
throughout the United States. He later
“ became associated with geothermal drill-
- ing operations in California as Big Chief’s drilling engineer.
My, Cromling i8 a member of SPE-AIME.
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" 13%-inch casing and because of limited water storage’
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FIG 3——Specual BOP equtpment is used on all geothermal
wells. A full opening gate valve, installed just above the
casing spool, later is used as a production valve. When

. testing, the banjo box is used to divert steam and cuttings

out the blooey line. Ability to strip in and out of the hole is
provided by a rotating head.

to be shut-in while testing or c1rculatmg through the’

blooey line.

7. Rotatmg head, for stnppmg in and out of the hole
while air drilling or when steam is being produced.

8. A blooey line, as large as surface casing, is laid in
a straight. line to minimize cutting action. A muffler on
the end of the line controls dust and noise.

Rubber products in BOP equipment get soft and ex-
pand while in contact with steamn, but turn hard and
brittle as they cool. Ram rubbers are normally ruined
after one well. High temperature rotating head rubbers
usually last for one round trip while producing steam
when drilling into steam zones. Water is injected under
the rotating head to help preserve the rubber. ,

BOPs must be inspected and repaired before each well.

COMPLETIONS
In Imperial Valley wells, 8%-inch liner is run 'and
cemented. BOPs then are removed, the master gate valve
is installed and BOPs re-installed for drilling out. Mud
system is usually changed to salt or brine water to clean

out cement and wash the slotted liner. After washing, "

the well 15 essentially completed. Rig is moved off and
producnon tree installed. Average cost of a 3,000-foot

well in the Imperial Valley is about $125,000 while a

5,000-foot well costs about $200,000.

In the Geysers area, wells are first tested with dnll pipe
in the hole using an orifice plate in the blooey line to
determine if the well is producing the desired amount of

steam. Drill pipe is pulled and wells are again blown for
about 4 hours after which they tend to stabilize, giving
accurate tests. If a well is satisfactory at this time, it is

‘shut-in and stcam is vented through a Y,-inch line to

prevent steam condensation which could kill the well.
After moving the rig off location, production equip-
ment is installed. Since completions are open hole and
no logs. are run, they are quick and uncomplicated.
Some problems arise during the last trip out of the
hole, when great quantities of steam are being produced.
Most BOP failures occur at this time. A typical steam

well in the Geysers area costs about $350,000 to drill ..

and complete. - -

Z




éd#/

s mf PF .
metamorphosrs progressed. R. pipiens
tadpoles had only the 4.35 component
in ifs red blood cells and did not show
the heavier 7.0§ component; the adult
X. laevis had only the 4.35 component

initially, but apparently formed a limited .

amount of the 7.05 hemoglobin when

the lysate of the red cells was stored ..

under refrigeration for several days.

Average molecular weights indicated,

68,000 for the hemoglobin of R. grylio
tadpoles and 68,000 and 136,000 for
the two principal components for the
frogs of this species. ’

Certam of the red blood cell com-

ponents detected in the ultracentrifuge’

were separated by starch-block electro-
phoresis in sufficient quantities for fur-
ther study and identification. The small
amount (less than 10 percent) of the
2.78 and the predominant. (more than
90 percent) 4.3§ ultracentrifuge com-

ponents of the red cells of the R. grylio.

tadpole corresponded respectively to the
slower and faster moving bands visible
on starch-block electrophoresis of the
lysate. The 4.3§ and 7.0S components
of the red cells from the R. grylio adult
corresponded to the faster and slower
moving electrophoretic bands, respec-
tively. When present in the cells of the
adult, the 108 to 11§ component is
eluted with the band of 7.0S material.
With respect to relative electrophoretic
mobility, the slower (2.7S) tadpole
component migrates at about the same
rate as the faster (4.35) frog
tomponent.

Amino acid analyses were made on
the globing from the best available prep-
wations of tadpole and frog hemoglo-
sins. For the tadpole, analyses were ob-
ained on two pooled lysates which had
yeen centrifuged at 20,000g and one
yooled sample of electrophoretically
wrified hemoglobin with comparable
esults. For the frog, amino acid data
re averaged from analyses of the super-
atant solution from' the centrifugation
t 20,000z of the washed, lysed red

lood cells of three adults. The frog

emoglobin analyses thus include the
:3S, 7.05, and any 10§ to 11§ hemo-

lobins and any other component pres- -

nt in these lysates. Other protein com-
onents present are believed to be
egligible. The globins were precipitated
ith a mixture of HClI and acetone,
1d hydrolyzed by refluxing with 6N
Cl for 18 hours. Amino acid analyses
:pressed as residues per 68,000g by
e Moore-Stein technique (8) for tad-
e and frog were, respectively: argi-
ne 18, 26;
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.+ acid compo tton are in: accord with: ith

29, 41, aspartic acid 53, 39; glutamtc,
acid 44, 36; methionine 2, 5; and '/).‘
cystine 0 to 1, 7 to 8. There was a
significant ' increase in dibasic ammo
i
acids and a decrease in dxcarboxyhcz
ammo acids in the transition of tadpole

to frog Also very striking is the' un-,
crease of half-cystme residues in gen- .

eral agreement with the observatlons
of. Riggs (5) The changes ‘in amino ..

expenmentally observed differences in,

rates of mxgratnon of these hemoglobms“

on both stafch and. papér (see Tabl_' 'li.z
properties g, h and k). It is ev1dent
that there is an. extensive alteration m,‘

S, H. Ward

+ Protein concentration and increasing
‘ ionic strength. The sedimentation pat-
terns for adult R. grylto and R. catés-

- bejana’are the same whether observed

oiie hour or five .days after bleeding,
in contrast to adult X. lgevis samples,
Furthermore the - individual compo-
nents isolated" electrophorettcally have
* never given eyidence of dimerization or
;splitting to form the component removed
-by electrophoresis ‘even after storage for
. more than 30 days.at S°C. Since there
are "two or more “hemoglobins, this
poses some interesting questions regard-’
_-ing  their biosynthesis; for example,
whether the 70S hemoglobin, which

amino acid composition of hemoglobx&,F presumably is an octamer, contains any

chains during metamorphosis.
Spectrophotometnc studies confirmed’

the absence of . any. differences in the. .

0!»4

visible reglon of the spectrum (4). Frogi
red "blood’ cell. lysates resisted. methe-
moglobin' formanon Jess readily than did’
lysates from tadpole *c‘%lls under 1dent|ca]
conditions of, storag REY - A large increase |,
in absorption- at 540 mp compared to:;
570 mp and the appearance of the 625

myu peak characferistic of methemoglo-;
The ultraviolet. .

bin was. observed
spectrum shows’ a decrease. in the, m-.
tensity of the tryptophan band at about
289 to 291 mpu. during metamorphosis
accompanied by a shift to longer wave
length characteristic of fetal to adult
hemoglobins (9) .

The now numerous dxfferences in tad-

pole and frog hemoglobing are sum- -

marized in Table 1. Our data would
indicate; there :are at least two principal
hemoglobins in: the adult R. grylio and
one in the tadpole, ‘In these experi-
ments the 7.05" compongnt does not .ap-,
pear to be mterconve ‘1ble with'the 4. 3 S'

mentation experlments w1th varymg

peptide ‘chaing in common with any of
the chams of the 4.3S tetramers (10).
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Geothermal Brine Well: Mile-Deep Drill Hole May Tap Ore-Bearing
Magmﬁtie Water and Rocks Undergoing Metamorphism

Abstract. 4 &eep geothermal well in California has tapped a very saline brine

1. .A. Riggs, J. Gen. Physiol. 35 23 (1951).

2.°F.,H. McCuicheon, J. Cellular Comp. Phyiiol.
'8, 63 (1936), -

3. E. Frieden, Am. Zool. 1, 115 (1961).

4..A. B. Hemner and E: Frieden, Arch. Biochem.
Biophy: 98, 25 (1961).

5 A ‘Riggs, ‘7.  Gen;; Physlol. 43, 137 (1960).

6. T. Svedberg and A Hedenius, Biol. Butl 6‘.
191 (1934) -

2. W L Archibald, J. Phys Chem. 51, 120‘
(1947).

8. Amino acid analyses made on a Phoenix aming.

extraordmanly high in heavy metals and other rare elements; copper and silver
are precipitated during brine production. Preliminary evidence suggests that the
brine nigy ‘be pure magmatic water and an active ore-forming solution. - Metamor-
phism of relatively young rocks may also be occurring within accessible depths.

A geothcrmal _well-has been drilled
recently in Southern Cahfomla into a
geologic environment: that can only be

1961-62. 1t is 5232 feet deep (J) and
is the deepest well in the world today
in the high-temperature hot spring areas.

lysine 30, 34; histidine

described in, spectacular terms. The well
was dnlled for geothermal power near
Niland, close, to. the, Salton Sea_in. the

durmg the wmter of

In the lower half of the hole, tempera-
tures. are too hngh to measure with avail-
able equipment, but they are at least
2'{Q°C and may even reach 370°C. For
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the prewous mmmum

tif¢ reported for hot spring
M‘ ia 295°C observed at Waiotapu, ~
Néw «Zea.laud ina 3000 foot drill hole

(2.

_The well taps a very saline brine, .

Wwhich hias an unusually high potassium
cOntent, and perhaps the highest lithium

and heavy-metal content’ known for.

natural waters, During a production
test, the brine deposited. in discharge
pipes #natérial astonishingly high in

" silver, copper, and some other scarce

v

elements normaily concentrated in oré
deposits. Considerable evidence favors
the geologically fascinating possnblhty
that this britie is man's first sample of
an “active” ore solution of: the type that
probably formed many of the world's
economic concentrations of ore metals
in the geologic past. Moreover, - this
bflne may originate at greater depths ag

‘mB
heavier mcks Fofr uch changes there

and a decrease in ‘wiler contént,-and> .
niew minerals are formed- inrégponse to
high temperature or pressure; chcmmai'
changes othér than chinge in water
content may also occur. .

‘Dibblee (3} has mapped a northeast-
striking line of pumiceous rhyolite and
obs:djan domes of Quaternary age that

%ié in and near the geothermal ared at--

the southérn end of the -Salton Séa, biit-
the northeastern dome——Mullet Island”

'—is not showa on’ Dibblee’s map.

a ‘water-rich fluid residue. from crystal- .

Jigation i in. the «magma chamber t.hat also
ied ‘the recent rhyohte and ohs:d:an
volcinoes of the atea. If fHi§ is so, the
‘brine is an undilitéd magmatic water
that can be sampled and: stidiéd in_

~ «detml for the first-/time. :

Egqually fascmatmg is the posmb:hty
st temperatures in the lower part:of -
1ole are so high that Lransforma-

" tioh-of young -sedimentary- rocks into

mmetamorphic rocks is taking place: wnhm
depths accessible for scientific study.

* “These metamorphic processes are con--

videred to occur at “norral” earth téin- -
peratures only at depths. below 25 000
1o 30000 feet, beyond present lumts
for direct study. .

The Salton Sea”is on’ the northern

* extension of the downwarped ‘or down-

faulted trough of the Guif of. Cahfurma
The southernmost recognized branches

“many other components

The domes, as well as nearby hot
springs, mud volcanoes, “and- shallow-
wells drilled for CO, Have ‘been dex
scribed briefly by otheérs " (5)." '

“The: chemical composmon of this exs |
traordinary - ‘briné* is* known quantita- .

tively for only a° few components but
estimates of the order of ‘mignitude of
the ‘concentrations have ‘been. miadé for'
Someé- serious,
analytrcal problems are- -dlready ap-

'parent -and others are expectgd ~A'sam-
_'ple of thie ‘deep brire. Wasieollésted from

3000—gal]on water—steé’m’ sepmtﬂr of
the test systém, at the ‘end of the 3-
month production test” "'I'heasample was
cnllected carefully in AN attempt to ob-
tain a 'sample representatwe -of non-
erupted brine at depth; tha valves were

. closed on the separator while the proper

pr:)pomons of briné and high-pressure
steam were mamtamed and-the mixture
wag then cooled and the steam con-
densed.” Some gas temdinied as a vapor

‘phase go the original composmon could

of the great San Andreas fault of Cali- -

fofnia extend into the area. The general -

geology of ‘the area has been mapped

by Dibblee (3); a gcophysrcal study
by Kovsk and others (4) extends up':
from the south just to the -geothermal..

_area. Both reports indicate great struc-

tural depression of the. trough in the Jast

:321;

not.be- duphcated exacﬂyw .
‘Analyses ‘of the*’gasu?* (6) show 80 to
'93“percent by volume) ‘0f:C0:, methane;
ahd’ other’ gasesTHLS, ~ofispecial: interest,
wis reporfed to’ be’\-‘.35~ jpercent 'in a
samiple collected 1 Tutie 1962, but was
not detected in samples collected 4 July
a.m:l 8 August.
+. A-phrtial-analysis of the water sample
in parts per -million by weight) in-
clides (6): Na, 54,000; K, 23,800; Li,
Ca, 40,000; total halides as Cl,

10 or 20 million years. An estimiated | 184,000; evaporated: residue (180°C),

10 to 20 thousand. feet of -Tetatively |

332,000 specific gravity at 20°C, 1.262.

young sedimentary focks lis on:tocks of. '*Sem;quanmauve«spectmgmphlc analysig
pre-Tertiary age, as confirmed in part. |- (6) of the evaporated: residue indicates

by oil-test holes up to 12,000, t‘eet deep.,
Gravity data indicate g lccal grawty
high for the tliermal area. Tlns gravity |
high could be explained by upfaultmg

of a sliver of relatively heavy pre--

Tertiary rocks between branches of the
San Andreas fault, but it is perhaps:

o equally well explained by local trans- .

‘the following concentrations, computed
in parts per million of  the ongma!
“water: Fe, 3000; Mn, 1000; Ag' 2;
B; 500; Ba, 200; Cr, 0.5; Cu, 20; Mi, 2;
"'Pb, 100; Sr, 2000; and Zn, 500 Each
figure given is intended only as an in-

_dication of the order of magnitude of .

these concentrations, Many are far.

o

“tured and permeability permits,

igher than?reported concentrations in
'ot&’é‘rﬁ" atural waters (excepting acid

is “normally & decrease in pof"e space.-‘ mme walers}

““This brine, as identified by its major
components, is an NaCaCl or NaCaKCl
type. -

The water of most spring systems as-
sociated with volcanism is dominantly
of surface origin; when rocks are frac- -
the
water circulates deeply and'is heated by
conduction in the high heat-flow en-
vironnient, Additional heat-and perhaps
a few percent of magmatic water with
dissolved substances are supplied near
the base of circulation, and the hot mix-
ture rises in the core of a huge convec-
tion system, with little loss in tempera-
ture until pressures near the surface are’
low. enough for the water-to boil. Thus
the typical system has a very high rate
of temperature increase from the sur-
face downward for the upper few hun-
dred to a thousand feet or more. The
depth of the Zone of boiling depends on
the temperature of the rising water {7).

- At some, depth and temperature char-

-acteristic of each «¥pring system, tem-
peratiives end Mo tlevel off idownward,
with little¥fiff¢hersincrease -at greater
explored depths. “The *Niland system,
however, probably ‘has little physical
movement of water except ,perhaps
from a magmia ‘¢chamber upward -into
the brine reservoir where it has pre-
sumably dlsplaced water of Jlower
density that formerly occupied the
available pore spaces; original ground -
temperatures before ‘the. drilling seem
to have been controlled primarily by
rock conduction and have shown a
nearly straight-line increase with depth.
. Pressures within the system are about .
25 percent higher than hydrostatic pres-
sures would be for pure water having
the same temperatire distribution at
gimilar depth (5, &); normal dilute
meteoric water cannot circulate down- -
ward against such pressures. In addi-
tion, extremely high salinity and high
concentrations of elements such as
potassium, *lithium, and the heavy
metals are very. unhkely to occur i al
dynamic convectioh system that requires
a large supply of scarce elements. For
these' reagons, apd in contrast to most:
thernialigpring systems, we consider seri-
olisly only certain kinds- ot_,fwa:er of
deep origin to explain the brine in the

Niland’ system.

The*r ¢hemical charactemﬂcs of ﬂlf—
fcreﬁt kinds- of saline watér of deep
origin, ss presently understood, have
been reviewed recently (9). The deep
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Niland brine is not clearly any ohe of
these previously recognized types. Pres-

4 ent limited evidence, namely the_ very

/ high brine_ temperature and the un-

;
i

usually h:gh content of potassxum,
lithium, and other rare elements, ‘sug-

gests a magmatic type not prevxously .

recogmzed with certaintyin ‘hot spring
areas. ‘This type presumably is so saline
and heavy, and so low in volatile com-
ponents other than H:O that it ordinarily
remains deep within each volcanic sys-
tem and rarely if ever appears at the
surface. in high concentration in hot
springs.. If such a magmatic water does
exist, it i8 similar in its major com-
ponents, sodium, calcium, and chloride,
to the dominant type of very saline
connate. (fossil) brine of the earth’s oil-
fields of pre-Tertiary age (9). But the
Niland water differs greatly from these
connate; waters: the content of potas-
sium  and lithium is extraordinarily
high, a.nd thére is a virtual' absence of
sulfate. Marine and nonmarine salt
deposnts can also develop “efid-stage
brines hxgb m potassxum and somewhat
high in hthxum,[, but these types are
normally veryghlxh m .magnesium and
sulfate; and ,lo -,m« calcxum and heavy
metals, ' The cdtie”eiifi'atxons of cesium;
rubxdxum bromxdc%dxde, the heavy
metals, and the' v”igotopes of hydrogen
and oxygen arg of pamcular interest.
These componems and the Tatio of each
to its geochem.xcall)g, most: c]osely related

major element (such as Cs/Na and’

- Br/Cl) a’re becoming very useful in dis-

tmglushmg waters of dxfferent origins

(9.

- If the brine is of magmatic origin and
is-rising upward into porous rocks and
dnsplacmg less-dense water of some other
origin, a densnty-stranﬁed interface
probably exists at some, unknown height
above the first casing’ perforations at
4900 feet; the brine reservoir is proba-
bly the local source of heat in the area.
Temperatures should increase with depth
toward this source of heat but they will
then either attain a maximum or will
increase less rapidly, with increasing
depth below the brine interface, depend-
ing upon the details of the water cir-
culation within the. brine reservoir. On
thé other hand, if the brine is one of
the several nonmagmatic types also
being considered, it is being heated en-
tirely from below by thermal ‘conduc-
tion, presumably: from the magma

.chamber that was the source of the

rhyolite and obsidian domes of the area.
For any of these nonmagmatic. origins,
‘temperatures probably continue to rise
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Table 1. Sequuanmauve spectrographlc analysis of dark deposit in pipes from brine of the deep
well (6). Résults are reported in percentage to the nearest number in the series 1, 0.7, 0.5 0.3, 0.2,

0.15, and 0.1, and se forth, which repsesents approximate midpoints of group dala on a geometric
scale. The assigned group for semiquantitative results includes the quantitative value about 30 percent.
of the time. The following elements were below the limits of dc!ectjon Au, Cd, Ce, Hf, Hg, La, Li,
Mo, Nd, P, Pt, Pa, Re, Sc, Ta, Te, Th, TI, U, W, Y, Zn, Zr.

Per- Pes- Per-

. E]emen‘t T centage Element - centage Element centage
Si Major Ag 2 " Ga 0.02
Al ‘ 0.7 * As 0.15 ' Ge 0.001
Fe N ) B 0.15 - Ni: 0.0001
Mg 0.015 Ba 0.015 . Pb . 0.02

" Ca .0 Be 0.07. " 'Sb 0.3
Na [ Bi 0.005 Sn 0.0007
K 1 Co 10.0001 o Sr 0.007
Ti 0.0015 ’ Cr 0.0002 : v 0.0005
Mn 05" Cu * ~20° . Yb 0.0002

* This exceptionally high copper content, dctermined by IOOOX dilution, has been confirmed by x-ray
fluorescence by W. W. Brannock, who also: determined by the same method that the sulfur content

. from the dis¢

was approximately 8 percent.

as depth increases through the brine res-
ervoir, although not by a straight-line
relationship if-thermal conductivities. of
the rocks'differ by very much.

Of significance -also -in ascertaining

the origin 10f tbe water is the nature of

dark materi
during the"3-month:production test,

sial deposxted from ‘the brine

in the 275:foot:long horizontal dis+
charge“plpe from the well wa§- ‘ot

measured, but itiwas so thick at the dis> .

charge end that cleaning was. reqmred
at’ 1-month . intervals - (10).

ey

were precnp ated. during the 3 months.

A fire assay :of the -deposit (6), re-

ported a’silver content of 381 ounces
per ton, or. nearly 1.2 percent, and a.

gold contentjof 0.11 ounce per ton. A
sequuantxtat:ve spectrographic analysis

of a g{ece oféfde;zposnt collected. about
100. feet»\ trom the discharge end of the
pipe is shown able 1. The sample
harge ‘end has an almost

el

. equally, high content of heavy metals,

and the thin deposxt from the well has

‘an: gven, h:gher .content. Natural waters

have never before been observed to pre-

" cipitate such ‘high "concentrations of

silver and“copper other notable con-

centranons1 f»elements that are rare:or

-

Caee

Sh

"'Ia'ﬁe )
total quantity-of the deposit precnp'tated‘

A rough;‘
calculatno‘\‘mdxcates that 5 to 8 tons °

widely dispersed-in- ordinary rocks are
arsenic, - “boron, beryllium, bismuth,
gallium; lead, and antimony. Calcula-
tions .indicate that 1-to 3 ppm-of cop-
per :and 0: 1to 0.3-ppm of silver were
precxpxtated from the water to form the
pipe ‘deposits. ' These quantities- grey in
the. jorder of . 10 percent of origited
concentrations,- indicated by specirs
graphic analysis for the whole brine.-:
- A *“whole-rock” x-ray diffraction:
analysis of the pipe depositr. shows.
chiefly- amorphous material with a high,
iron background. Most of the low x-ray.
peaks -in -the record are very close to-
those of .bornite, 'a- copper-irom sulfide

‘rabimdantin many copper deposits: Sev-
- eral, other’ peaks have not yet beéen

identified;

”[‘he: mineral assemblages of rocks,
when buried to -great depths and heated
up to. earth stemperatures: normal for
such depths, change to new: mineral' as- )
semblages called metamorphic. rockss
All such rocks. that geologlsw have'
studied in- the. past were formied' tem
million years ago; or-more, and at gfeat
depths in the'earth:: Where they are
now exposed at- and near the earth’s
surface, extensive uplift and erosion of
the.original overlying cover has occurred
toreveal them. Evidence for the begin-

Tabié'z 7‘§’ummary of characteristics of. drill core from geothermal wells at Niland.

Approxunate Bulk
‘depth. ~ spexific Mineralg present*
.. . gravity .
477 * 2.47 Chlorite, K-feldspar, K-mica, quartz, albitet
4484 .- 253 K-feldspar, quartz, chlorite, K-mica, albitet
46623 . 2.52 Quartz, X-feldspar, chlorite, albite, pyrite§
4917 b 18 Epidote, quartz; some feldspar or unkaown or both, pyritef|
4923 . 2.62. - Quartz, chldrite, albite, epidote, pyrite .

*In nppronmn’ﬁ's‘ order of ‘decreasing sb\mdance. uude\umined by whole-roek x-ray diffractometer,

x;‘nd by\mncroswpo}inspe;:d%n ,.of: thin_section,,
o lwellofJoseph ! Nd,ll,nnd

IrrigEtion DITEHANGG 1R ena?
-wxmouwepwm. ,llrxzpid?.t'e?'eo (BIER €0

RHALE
)

J Bpkbtumdv pyrite in veinlets.
usocutes,
‘depth otF 729! fier.
percént o1 moro; of. the, rock.

$ From Sporisman
dbout. & mite BSE of the deecp well (Imperial
§-Veinlets of quartz and pyrite
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ning stages of active metamorphism has
been tooked for in oil-test wells that
are drilled 20,000 feet and more below
the surface where “normal” tempera-
tures are in the order of 200°C; how-

ever, such evidence has not yet been

found. Recent conclusions (11) are that
“low-grade” metamorphic rocks, with

minerals such as chlorite, epidote, and- .

albite, first form normally at depths in
the order of 25,000 to 30,000 feet,
where temperatures are probably near
250°C.

Five specimens of drill core have been
studied in some detail, and the data are
summarized in Table 2. All five speci-
mens were originally shale or siltstone,
but they now contain minerals char-
acteristic of the greenschist or chlorite
grade of metamorphism. The pre-

Tertiary basement of the Salton Sea

Basin is considered (3, 4) to be 10,0600
to 20,000 feet below the surface
throughout most of the structural trench,

afd relatively young rocks of Pliocene .-

age dominate the upper 5000 to 10000
feet. If this general picture is correct,
the low:grade metamorphic rocks of -thie
drill core must be either'old basement
rocks that have been upfaulted locally
as' a sliver between branchs of the-San
Andreas fault, or they are rocks of rela-
tively young Tertiary age that are now
being ‘metamorphosed because of high
temperatures at these lesser depths. '

.Some geologists will be of the opinion
that mineral changes in this environ-
ment should be called “hydrothermal al-
teration” (commonly producéd by the
action of ore—deposntmg *waters) rather
than “metamorphism.” Hydrothermal
alteration is pormally characterized by
new hydrous minerals, and by a de-
crease in specific gravity of the altered
rocks. Metamorphism, on the other
hand, normally consists of the formation
of new mineral assemblages stable .at
higher temperatures and :pressures than
former assemblagés, -specific gravities
usually increase with metamorphism; -
and water content decreases. In thxs
sense the deep Niland rocks are meta-
morphic, even though the brines may
have brought about some net chemical
change.

The age and origin of the meta;

inferval, frof
rapidly’ - "b&eg

norr;Qa_I o]d etamorphxcw ocks pxdote
was found only in vexnlets in the’two

pieces of drill core nearest the surface,

but it is abundant in the lower core as

a replacement for other silicate min-
erals. The specific gravity of the drill
core in general increases rather -rapidly
with increased depth, as geologists
- might expect from a localized rapid

downward 1ncrease in grade of meta-

morphism.” For comparison elsewhere
in the same structural trough (4), the
@rill’ core from 0 to.4000 feet in depth
has an average bulk specific ‘gravity ‘of
2.37; 4000 to 8000 feet, 2.44; and 8000
“to 12,000 feet, 2.47. Probably the most
sighificant point in favor of active meta-

morphism, however, is the fact that -

wherever bedding is disternible in the
five. core specimens, :it was essentially
horizontal, as evidenced by relations to

" thei originally vertical sides of the drill
.In contrast to this, old ‘meta-

core. :
morphic rocks usually have been up-
faulted and tilted extensively;-and- origi-
nali; bedding is only horlzonm] by

: comc;dence

s DonNaLd E. WarTE
United States Geological Survey, RN
Menlo Park, California

. E. T. ANDERSON
O'Neill Geothermal Inc., Midland, Texas

DonaLp K. GruBss
University of Vlrgxma, Charlottesville
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filled’ betow 58 feet from the land surface
with brine that is about 25 percent heavier
thnn pure water at 20°C and is probably
simﬂlﬂy heavier at higher temperatures.

O« D. B White, U.S. ‘Geol. Survey Prole.n
Papers’. lM-B 452 (1960): J. Hem,
G. A, Warins, tbid. 440-F, 1 (1962)

10. Data from..Robert Lmnulsl
necrlng Company who. carﬂed out the produc-’
‘ition test: and’ collected’ the ‘samples that are
being: studied (1962). Thelr average specific
‘gravity is close to 2.5,

11, -Summarized by D. E. White and G. Sigvalda-

. sa%n,( US Geol. Surv. Profess. Papers lSO-E,

196
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wa Mahgnancy of Rous Sarcoma Cells as Evidenced by Poor

Transplautabil'q ain Turkeys

‘Abstract. Homologous and uologous transfers of Rous sarcoma cells in turkeys
mdzcate that growth of the implanted cells contributes little, if at all, to the
formation of these néoplasms. Infection of normal host cells by virus appears to
be, at least in this species, the major factor in the induction and progressive

growth of Rous sarcomas.
KN

ree filtrates of the tumor tissue.
“Furhor production by-cell transfer could

“be thre,',result of either mahgnant -growth

l7ofathemnplanted cells themselves or'in-
fec ibn and growth of host cells initiated

morphic rocks of the drill core are not ~ *by ,zv*u'us released from . the implanted

determinable with certainty from thé
present limited data, but several lines of .

cvidence favor the theory of - active:

metamorphism of relatively youngrocks.

The data of Table 2 suggest that the

grade of metamorphism is increasing

as the depth increases within the short
22

,
© ot g s g wa— s > vy

vad L s 14‘“"

icells; or a combination of both. L'I’here-.
.l,s,,.e\rgdence that in chickens proliféra- .

‘tion:'of the implanted cells does occur

sin certain instances (7). However, pre-

llmm[ary data obtained in our laboratory

(12) iclearly indicated that in turkeys

!vnrusi was much more important than
b

s'is . well known that Rous sarcoma.
ican’ be produced in chickens by “im--
plautatlon of tumor cells or injection of

cells for the induction and. progressxve
growth of these tumors.

—

. Rogers Engi- °

" In the: studxes we treport now (3),

large numbers of-

iplanted into the wing web -of large

numbers of turkeys. These experiments |

were conducted as follows:

87

7-day-old

" Béltsville ‘white ‘turkeys of both' sexes

“m)ected "$ubcutaneously in-: the .
.‘left -Wing ‘web ‘with 0.2-ml -amounts ‘of.”
;.-standard Rous sarcoma virug that had
‘been “prepared from..chickén tumof

mgactwand viable ' :
tumor cells*fobtamed by*'my:psmlzanon-
of vu'us-mduced turkey sarcomas, were

i

tissue (4). Tuniors were produced by

injection of 10* to 10" pock-forming:
SCIENCE, VOL. 139
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GEOPHYSICAL PROSPECTING IN NEW ZEALAND'S HYDROTHE%MAL“FIELDS

By F.E. Studt

Geophysics Division, S
New Zealand Department of Scientific and Industrial Research,
o Wellington, New Zealand. .

N

Summary

‘ 1l fields differ so greatly in character and
1 Eﬁsfggﬁggﬁz that geophysical methods meet with vargéggs
success in prospecting for steam or hot water, hﬁ? 3:?eand e
there is difficulty in applying geophysical tec q
others there is difficulty in ;nterpretation.

- d

. ermeability of the rocks, most New Zealan
2 g?i?gstgizfg 5et steam and little work hes bien dogﬁigg
dry steam fields. The permeability of the rocks a io o o the
in usable hot water being often found by drilling c osgoitation
hot springs or fumaroles, so that much small scale eépo hysics
has been possible without the help of prospectingi ld: pbut its
has been employed in mapping the limits of. such lebacﬁ round
Dain uses have been in the study of the geologica ese%voir %o
Or in the attempt to penetrate beneath the shallow r
locate deeper aquifers or feed channels.

3 Gravity surveys are primarily used'to 1ndiga:engg£base-
ment structure and are not very detaiiea'wi%h o ie1ds,

Po8itive anomalies have been found, coinciding 1t some field

®hich probably indicate intrusive rocks genetically

¥ith the hot water. .

MAR : 7 1964
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L. The basement rocks ‘are only weakly magnetised, and

magnetic surveys therefore indicate the distribution of,
magnetic rocks within the overburden. Detailed surveys are 4
of value, since hydrothermal alteration converts the magnetited
in the rocks to pyrite, thus weakening the magnetlc field.
This has enabled useful deductions to be madexabout the souch
of the VYairakei hot water,

3

5. Resistivity surveys, designed to map the dlstrlbutlon o
hot water at the water table, have been successful in

uniform geological conditions, but the interpretation is liabﬁ'

to be complicated by porosity and salinity variations. Deep i}
penetration is hampered by the shielding effect of hot water
near the surface.

"

6o Seismic refraction surveys have located cap rocks in somj
fields. Reflection work at Wairakei showed very low _
seismic velocities, suggesting steam in the rocks in place g
7

of water, and dry steam has since been tapped in this area.
Seismic work in hydrothermal fields is handicapped by very
high natural noise levels and energy dissipation.

To Early attanpts at well-logging showed promise of locatln}

producing horizons. by comparing natural potential logs
run under standing and flowing conditions. Similar work on
deeper and hotter holes is prevented by the inability of
insulated cables to withstand the physical and chemical con-
ditions in geothermal drlllholes.

ii,

!

AN R S e

0%, ;.\

S T P ;-z*r»;mmm "



Samples and Standards - Selection and Preparation

AG = —aF¥

HINTS FOR IMPROVED PROBE ANALYSIS
£ ;
by D. M. Kerrick /Jé S S )\
G

A.) rd .
2L My 2 = y

1.

Perhaps the most important advice to a novice is to initially obtain analyses
on only a few samples, before computing the results. Invariably your first
attempt will yield unsatisfactory results (for one or more reasons given

in this list). If you have a lot of probe work ahead, the most satis-
factory procedure is alternate your probe time with free periods, using

the latter for computing the results of previous analyses. For example,
don't make the mistake of analyzing pyroxene in 50 samples for Mg and Fe
and then for Ca and Si only to find later that your results are unsatis-
factory - this is costly and very disappointing.

Select standards that are similar in composition to your samples unless

the standards are poorly characterized. In the'latter case it is best to
obtain more reliable standards that are less similar in composition to your
samples. We have a large number of standards, some are more reliable than
others., Contact D. M. Kerrick for advice on the selection of specific
standards for your analytical probleﬁ. If you cannot find a reliable
standard that is similar in composition to your samples, obtain standards
which contain more of each element than your samples.

It is very important to have a good polish on your samples - a little extra

effort in obtaining a top-notch polish often makes the difference between
good and mediocre quantitative analyses. Ask Lee Eminhizer about polish-
ing procedures and for an evaluation of the quality of polish on your
specimens.

It is important that the surface of your specimen is perpendicular to the

electron beam. Make sure your probe mount is such that the polished surface
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is not tilted (a good test 1s to examine the reflectivity with the reflected
light microscope). Extended polishing time can lead to significant relief
differences between hard and soft substances in the same mount - the
resulting surface irregularity will result in a lack of perpendicularity
between the surface of the specimen and the impinging beam. Ask Lee
Eminhizer about the most efficient polishing procedure so as to avoid
excessive polishing time.

It is best to have the same thickness of carbon coat on standards and samples
(although preliminary research in our lab suggests that appreciable vari-
ations in the thickness of the carbon coat are not important). i.e have a
device to monitor carbon coat thickness - Lee Eminhizer is well-experienced
in the operation of this instrument.

Polished thin sections are extremely useful, since ycu can work with btoth
transmitted and reflected light. A normal covered thin section can easily
.be méde into a polished thin section by placing the section on a piece of
dry ice (obtainable from the stockroom), prying off the cover slip after
about 15 se¢, (use a razor blade), and then wiping off all exposed lake-

side with an acetone-soaked Kimwipe. The specimen is then ready for

polishing.

Probe Operation

1.

It is important to assure'that the machine is steady before analysis -
carefully saturate the filament and align the electron gun.

At all times the beam must be centered with the crosshairs of the
microscope. Throughout your analysis this alignment should be repeately
checked by observing a fluorescent specimen (e.g. quartz, feldspar, or

Al in the A.R.L. standard) or by letting the beam hit epoxy leaving a
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small pit (in the latter, minimize the time in which the beam 1is imping-
ing on the specimen, since the plastic 1s evaporated causing contami-
nation).

The beam diameter should be kept as small as possible so that you can
avoid inclusions, cracks, etc. However, with a narrow beam (or large
sample current) you may get burn-off of light elements (especially Na).

To check for burn-off, obtain repeated 10 sec. counts on the same spot -
i1if there is burn-off, you will see a décrease in counts of a particular
element with time. If burn-off occurs, increase the beam diameter and/or
decresse the sample current.

Watch for drift - this will be obvious when comparing successive average
counts on the same standard. If drift is greater than about 5 percent

of the total céunts (between two successive standardizations) it is best
to reanalyze. Drift corrections are not advised.

Focus is extremely critical. It is imperative‘that you develop a
reproducible technique for focusing on both standards and samples. The
best way to focus is to observe the fluorescent spot produced by the beam,
and to change the focus to minimize the spot size. Obyiously, this tech-
nique is useful only for fluorescent minerals (e.g. feldsparé, carbonates,
soxic pyroxenes). If your specimens and standards do not fluoresce,

carefully adjust the focus so as to make the smallest surface imperfections

(scratches, pits) as clear as possible. Initially check the reproducibility

of your focusing by refocusing and recounting several times on the same
spot.

Throughout your analysis, continually checL the sample current - it should
always be steady. Fluctuating sample current will (in most cases) indicate

that your analysis will be unsatisfactory. 1In this case check your mount
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for obvious conductivity problems (e.g. Ag paint contact broken), or put
another carbon coat on your sample. Poor conductivity usually indicates
that the carbon coat is too thin. Saturation with respect to sample
current is not instantaneous after opening the flag. Close examination

of the meter will reveal that the sample current will quickly climb to

a value near saturation and then slowly creep up a unit or so (i.e. .001
Ha) to the saturation position. Wait until the sample current meter
indicates saturation before you start counting.

Dead time arises when the count rate is so high that the counting system
cannot process all of the pulses produced by the detectors. In this

case the counting system will register fewer counts than should actually
be recorded. Dead time arises above about 15,000 counts/10 sec. for
spectrometer #1 and abcut 10,000 counts/10 sec. for spectrometer #2;

thus, keep your counts well below these values to avoid dead time problems.
A simple test for dead time is to plot counts vs. sample current - the
resulting line will be linear up to an inflection point, abové which

dead time becomes a factor, -

Avoid analyzing very small particles. An article by Page et al. (on file)
shows that with particles less than about 20 microns across, the irradi-
ated volume is larger than the particle - in this case you would be
producing X-radiation from the particle as well as the surrounding matrix.
Obviously, this is to be avoided. The diameter of the irrgdiated volume
is larger than the diameter of the electron beam. In this context it is
also important to avoid analyzing right next to the edge of a large grain

since the irradiated volume may incorporate an adjacent phase.:




10.

11.
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In a specimen with several crystals of ;he ;ame phase, obtain analyses
on several different crystals in order to evaluate the compositional
variation from one crystal to the next. Also, check for compositional
zoning (especially in feldspars, garnets, epidote, and amphibole) by
analysis of the core and rim compositions. If zoning is apparent, make
a traverse across the crystal to obtain the zoning profile. If you
want a full analysis of the core and rim compositions of a zoned crystal
you will have to return to the same spot - thus, make a sketch of the
crystal showing places where analysis were taken.

In most specimens it 1s necessary to have a marking system to distinguish
the various types of minerals, or to indicate specific grains you want
to analyze (e.g. zoned crystals). The most helpful method is to mark

specific grains with ink - a Hunt 104 pen provides a small ink mark that

is useful for even fine-grained specimens. See D. M. Kerrick for hints on

this marking technique. Traverses (e.g. for zoning) can be marked with
an ink line.

With polished thin sections, a useful "trick" forf?lecting areas that are
both well polished and free of inclusions or cracks is to adjust the
transmitted and reflected light intensities so that the suitable areas
show up as bright zones - the areas where inclusions occur, or where the
polish is poor, will be relatively poorly illuminated. Ask D. M. Kerrick

to show you this technique.

Computation

1.

In many cases, partial probe analysis provides a quick method of quanti-
tative analysis. Common phases such as plagioclase and olivine are

routinely analyzed with only partial analysis of the two elements which

¢
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show mutual substitution (e.g. Mg and Fe in oldvine). J. V. Smith and
co-workers have published numerous papers describing this method for
common rock-forming minerals (we have these papers on file). This

methed hinges on having well-characterized standard§1 We have a suitable
suite of plagioclase and olivipe standards for partial probe analysis.
See D. M. Kerrick for specifics on this method.

For complete major element analyses of relatively simple solid solutions
(e.g. olivine, plagioclase, epidote) it is helpful to start by analyzing
the two elements which show reciprocal variation (e.g., Fe and Al in
epidote). In this way you will be able to observe the reciprocal
variation by comp;ring the relative céuntSvon the two elements. This
provides a rough way to estimate the compesition of the phase and to
check for compositionalazoning; furthermore, reciprocal variation in

the counts is an important indication that your analysis will be success-
ful. If reciprocal varlation does not ocecur then you should stop and
evaluate what is wrong.with youtr analytical procedure.

For most major element analyses (except for sulfides) we use the scheme

developed by Bence and Albee (paper on file) for reducing the probe

data to oxide proportions. You must have a complete major element

-analysis for this computation. The program uses parameters (a~factors)

for correcting the count ratio between standards and samplés; in order

to derive a correct g-factor for each element it is necessary to furnish
the count data for all major elements (except oxygen).

When initiating an analysis it is advisable to select two or three stand-
ards for a particular element. In so dning you can select count data
from alternate standards should your initial computation prove unsatis-

factory. Furthermore, it is useful to compare the results obtained by
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using several different standards (hopefully, the results will agree).
Once a given set of standards is selected, it is advisable to stick

~
with these for future analysis of the same minerals in other samples.

Probe analysis is accurate to + 2 wt. 7%; thus, oxide totals should be

within 100 + 2%. This is a necessary (but not sufficient) test for the

accuracy of your analysis - it is possible that the oxide pro?or+léns;
are wrong andeget your analysis fortuitously totals to near 100 wt. Z.

However, faith in your analysis will considerably increase if, in a

- .large number of samples, the oxide totals are close to 100%. Another

test is to look at the structural formula (given to you in the computer

print-out). For example, you would have much more reliance in a pyroxene

that had a structural formula of: Cal.0 Mg, Fe)l‘0 812.006 than one

that comes out as: Ca.6 (Mg, Fe).8 812.206'
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TABLE 1-1

POSTULATED DGE GEOTHERMAL DEVELOPMENT SCENARI()S1

Vd

.
-

1 Pilot plants are not iocluded in this tabie.

2

3

These geopressured sites are postulated to produce 29,315 MW thermal equivalent of methane by 1985.

MITRE-assumed plant capacities for analysis.

PROSPECT CENERATING CAPACITY INSTALLED EACH YEAR
Pre~ Post-
1983 1983 1984 1985 1986 1987 1988 1989 1990 1990 TOTAL
CALIFORNIA & HAWAIIL
Bravley, CA - 50 - 50 — 100 100 100 100 SO0 1,000
Coso Hot Springs, CA - - - -50 50 50 150 150 150 —_ 600
East Mesa, CA — - - 50 -~ —_ 50 —_— - —_— 100
Geysers, CA (liquid- - —_— —_ 100 100 100 100 100 100 400 1,000
dominated
Ceyers, CA (steam) 1678 160 220 110 — — —_— — _ - 2,168
‘Glass Mt., CA — - - - - - - - 50 - 50
Reber, CA - 50 - 50 — 100 100 - —~ 700 1,000
Lassen, CA -— —_ — — - 50 —_— - 50 -— 100
Mono-Long Valley, CA — — - 50 — 100 — — 100 - 250
Puna, EHI1 - -_ _ — - -_ - - 50 850 900
Salton Sea, CA —_— 50 — 100 75 75 100 100 100 1400 2,000
Surprise Valley, CA - —_ - — 50 — 50 100 100 1700 2,000
NORTHWEST d
Alvord, "OR -— -_— - - - 50 - - 50 200 300
Baker Hot Springs, WA — -_— - - - - -— - 5C —_ —
Bruneau-Grandview, ID - — _— - —_ 50 — — 100 3000 3,150
Mc. Hood, OR -~ —_ - — - _ — - 502 — -
Raft River, ID — - - — - — 50 — 50 -- 100
Vale Hot Springs, OR — —_— —_ —_ - - 50 — 50 700 800
Weiser—-Crane Creek, ID — —_ — _ - - 50 — 100 850 1,000
West Yellowstone, MT - - _— - - - — —_ 50 -— —_
SOUTHWEST )
Brady Hot Springs, NV - 50 -_ — 50 — 100 — 100 700 1,000
Beowawe, NV -~ 50 _— _— 50 — 50 — 100 750 1,000
Chandler, AZ — — — — 50 - - — 100 80 230
Cove Fort-Sulfurdale, UT -_ - - 50 -_ 50 —_ 50 50 1300 1,500
Leach, NV — - — - - 50 — — 50 1400 1,500
‘Roosevelt Hot Springs, UT — 50 - - 50 —_ 50 -—_ 100 750 1,000
Safford, AZ — —_ — - - 50 - - - 50 100
Steamboat Springs, NV -— —_— - 50 - —_ 50 — 100 -— 200
Thermo, UT -— — - — -— — 50 — - 450 500
Valles Caldera, NM _— 50 — -—_ 100 - 100 -_ 100 1150 1,500
GULF_COAST 3
Acadia Parish, LA - -_ b - - 50 _— - 50 250 350
Brazoria, TX —_ - _ - 25 —_ 100 100 200 1800 2,225
Calcasieu Parish, 1A - - —_ - - 50 — —_ 50 250 350
Cameron Parish, LA - _— -_— _ — 50 _ _ 50 400 500
Corpus Christi, IX —_— - e - - 50 -_— -— 50 1550 1,650
Kenedy County, TX _ —_ - -_ - 50 -_— -— 50 200 300
Matagorda County, TX -— —_— — —_ - 50 —_ —_ 50 400 500
_Cumularive Power On Line 1678 2188 2408 3068 3668 4793 6093 6793 9143 30923 30,923

MRAFT
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EXAMPLE

DEVELOPMENT SCENARIO -  ROOSEVELT HOT SPRINGS, UTAH



ROOSEVELT HOT SPRINGS, UTAH

Postulated Development Scenario

PLANT INSTALLED CAPACITY PLANT
NUMBER (MWe) ON-LINE DATE
1 €g<D ' y%%; N 1g
2 50 1986
3 50 1988
4 100 1990
SUBSEQUENT PLANTS 750 1991-1998
TOTAL 1000 to 1998

Estimates of Resource Characteristics

RESOURCE CHARACTERISTIC ESTIMATE

. o0
Subsurface Fluid Range: 204-260 §V"'

Temperature (°C) Best Estimate: 230 -
Total Dissolved Solids (PPM) - 7,800
Electric Energy Potential (MWe 30 Years) 100 o
Overlying Rock Medium—Hard: Sediments, f /A]LM”Nﬁ
metamorphics, and volcanics

Depth to Top of Reservoir (Meters) 830

Land'Status

Total KGRA acres . 29,791
Total Federal acres 24,5921
Federal acres leased ) 24,592
Total State and private acres 5,199
State and private acres leased No data

1 A1l Federal land in the KGRA was offered in the Federal lease
sales. Through first and second offerings, nearly all has been
leased. The site is now unitized, and Phillips Petroleum Company is
the operator of the land holdings, according to recent information
from DOE/DGE. '

o
DRAFT



ROOSEVELT HOT SPRINGS, continued.

Development Status and Activity

Thermal Power Company, a subsidiary of Natomas Company, has
completed a joint venture well which was drilled to 382 meters
(1254 feet). Preliminary testing demonstrated a well-head pressure
of 25 kg/cm2 (355 1bs./sq. inch) and temperature of 222°C (132°F).
Projected total mass flow capability of well is one million 1lb/hr of
steam and hot water.

Phillips Petroleum Company reports that an 823-840 meter (2700-
2800 foot) test well had an initial flow rate of 90,700 kg/hr (200,000
lb/h;) of steam at 204°C (400°F). Phillips has now completed 10 pro- [\ ?
duction wells and is negotiating with several potential hydrothermal
users including the City of Burbank, Utah Power & Light Company, and
other firms interested in nonelectric applications such as hybrid .
coal power plant/geothermal process heat uses.

Thermal Power Company plan; to build a larger test facility to
determine more precisely the electric generating capability potential.
Thermal Power holds options to drill on an additional three sections
of geothermal leaseholds in the Roosevelt fields. Two wells drilled
in 1976, at the site of a significant new field discovery the year
before, were both successful producers. One was 1860 weters (6100
feet) deep and the other only 380 meters (1250 feet) deep. The
latter produced steam at 300 feet, 700 feet, and 1200 feet and a

total mass flow of about one million lb/hr.

DRAFT



ROOSEVELT HOT SPRINGS, continued.

Major Development Problems

No major development problems are currently evident at the
Roosevelt Hot Springs hydrothermal site. However, technological

areas which could entail a moderate risk include:

e fluid disposal ~— /AJ&A%
e high silica content of brine — /XA%*K
- wl“é

® cooling water availability/subsidence.

Postulated Development Scenario: Status and Implications

First -Commercial-Scale Plant: 50 MWe in 1983

Based on the number of developers and the recent field activity
at Roosevelt Hot Springs, this appears to be one of the more attractive
candidates for development. Phillips Petroleum Company holds Federal
leases on which Utah Power Compan& is planning to build an electric
generating plant.- The resource temperatures indicate a commercial
effectiveness of installing a flash conversion process at this site,
As shown in Figure 26-1, tﬁe first 50-MWe plant is scheduled to go on
line in 1983. Accordingly, the commitment to devélop must be made in
1978 and plant final designs must be ready by 1980. Moreover, any
technological RD&D, in order to be incorporated in the design specifi-
cations and installations must be completed by 1980. Figure 26-2
shows the scheduled activities of principal participants in the

development of all the plants at the Roosevelt Hot Springs prospect.



FIGURE 26-1

DEVELOPMENT SCHEDULE FOR FIRST PLANT: ROOSEVELT HOT SPRINGS, UTAH

Ty e ACTLVITY necreients | 1977 | 1978 | 1999 | 1980 | 1981 | 1982 1903 | 1984 1985 | 1906 | 1987
BLM Issue S1C Permit Developer )
Uscs 1ssue Drilling Permirs | Developer
BLM Process ELA/EIS CEQ
County Cov't|Issuc Land Use Permit Developer
4 ASSUMED COMPLETED

Luveloper I'reliminacy Geopliysical

Exploratlon
Developer Exploratory Drilling and

Reservolr Assessment
Developer Develop Utdlity Interest ‘
Developer Feasibility Scudy J
Utilicy
lroduccr/De-|Financial Negotiations ——
veloper) and
Utcllicy .
I'coducer Sitc Salection
Producer/ Design
Ucllifey !
froducer/ Prepare Master Development | BLM, USCS . Ced '
Ucilicy Plan .
Utiliey | Prepare Environmental Data BLM, FPC, ——

. .| Statement State,County

froducer/ Commitment to Development e 4
Uciliey :
Ui.M FPC. Cercify Plant and Site, Producer &
State,USGS Issuc Permlts .7 [ uetigey
UsGs Process E1A/ELS (Deilling) CEQ I
FrC Process ETA/ELS (Plant) CEQ -_—
Frc Process EIA/ELS (Trans- CEQ -_—

mission Linc)
I'roducpr Developrnent Drilling '
Ucilicy "lunt Construction
Ucilicy JInstall Teansmission Line

(96.5km)

g, FiGunrE 24 -




DEVELOPMENT SCHEDULE FOR ALL PLANTS:

FIGURE 26-2

ROOSEVELT HOT SPFINGCS, UTAH

i .
g:l}l:‘?#.;:’.:c ACTIVITY 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987
Owner l.ease lLand, Issua P'rospecting Permit
County . Process FEnvironmental Heport - Pre-lease [
Issue land Use Termit -_— — - -
Proceas Environmental Report - Drilling
State Process Environmental Report, Lease Lunt_i‘
Ipsuc Proopecting/Exploration Permits
Issue Drilling TMernite '
Certify Plant and Site - Issue Permits 1 — e —_— —
Process Environmental Reports ~ Drilling, :
Plant Constructlion, Transmission Lines
S
Pevelopor Exploration and Reservoir Evaluation
Comnit to Development Al LY . 4 ﬁ&
. Prepare Master Development Plan i e —
Development Drilling ]
Utiltey Commlit to Development Al A ) 3 4
Pecepare Environmental Data Statement ) S I S —
aund Master Development Plan
Constcuct Ilant, lustsll Transmission Lines L
Tower on Line 0 Al 504
DO1/USCS lssue Drilllng Permit — N - = | -
Process E1A/EIS - Drilling i — —_ —
R 5 —_—
DO1/BLM Proceas RIA/ELS, Lease lLand —t e + —— — .
Tosue STC Drilling Permit .
Certify Plant and Site, Iasue Permits 1 —_— _—1 -
LOT/USFS Process EIA/EIS, Lease Land
Iosue STG Drilling Permit '
FPC Certify Plant and Site, Issue Permits ) ———e —— ——
Process EIA/EIS - Plant & Transmlsaion Line DS D — -
BIA Process EIA/EIS, l.casc Land
Iasuc Drilling Permita .
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DEVELOPMENT SCHEDULE FOR ALL FALNTS:

PIGURE 26-2, Concluded

ROOSEVELT HOT SPRINGS, UTAH

OPERATLNG )
ENTITLES ACTIVITY 1988 1989 1990 1391 1992 1993 1994 1995 1996 1997 1998
Owner Lcnaa Land, Issue Prospccting Permit .
County Ptoceee nnvironmcntal Report - Pre-lcase
lsoue Land Uee Permit — — -_— — _— .
Pro¢ess Environmental Report =~ Drilling
State Proceas Environmental Report, Lease Land =
Issue Prospecting/Fxploration Permite
Issue Drilling Permits
Certify Plont and Site - lssue Permits —_ ] —_— 12
Process Fnvironmental Reports - Drilling, .
Plant Conatruction, Transmission Lines
Developer Exploration and Reservolr Bvaluation ‘ 12
Commit to Development g \ FaX A \ 45 A 4 "22
Prepare Magter Development Plan z}—;— 12
Development Drilling . - = [— -
Utilicy Commit to Development AS Fa JA \ > a A12
' Prepare Environmental Data Statement 5 — 12
and Master Development Plan [ -1.2_
Conatruct Plant, Install Tranemission Linee 2 -
Pover on Line S0A 1004 {10045 [100A [100A [100A {100 A [00A _ [100A |50 Al2
DOI/USCS Iasue Drilling Permit —_ —_3 —_— — —_ —— —_ -2 12
Process EIA/EIS ~ Drilling 2 :
DOI/DLM Process EIA/ELS, Lease Land SN [ S 1
Ipsue STC Drilling Permit 12
Certify Plant ond Site, Issue Permits —_ e — ] — - — I
DO1/USFS Process EIA/EIS, Leasc Land
Issue STG Drilling Permit
FPC Certify Plant and Sitec, Iesue Permito ey e ——— —_—T —12 —
Procesa EIA/EIS - Plnnr. & Transmission Line 3 12
BIA ) Process EIA/EIS Lenoc Land ’
Issue Drilling Permits




ROOSEVELT HOT SPRINGS, continued.

Deveiqpment Problems. There are a number of site-related

technological problems of moderate concern. The reservoir/return —
formation is fractured volcanic, capped with medium-to-hard overlying

rock and, consequently, its ability to absorb return flows of return /vanﬁdﬂMAJb

flows of brine over extended operating times is in question. .
In addition, although quantitative data have not been well ﬂXJL< '
_established for silica content in produced brines, there are some
indications that silica carryover and scaling may be problems at the
Roosevelt Hot Springs site. Similarly, maintaining long;term flows
from production wells could be a significant consideration. %ﬁjiziv
Eavironmental concerns are relevant, particularly regarding /
potential land settlement in that locale: recent withdrawals from
(nearer-surface) aquifers have resulted in observed subsidences of six .
feet. The possible impacts-of seismic excitation are also a moderate
concern.
Surface water for evapsrative cooling is generally unavailable
in the region. This water shortage may not be a problem should the
underground brine-receiving formations be able fo tolerate a slight
deficit in reinjection (i.e., based on tradeoffs in cooling versus

subsidence and reservoir depletion).

Economic Analysis. The projected economics of electrical

generation at the Roosevelt Hot Springs geothermal power prospect are

presented in Table 26-I.

R



TADLE 26-1
ECONOMIC ANALYSIS: ROOSEVELT HOT SPRINCS, UTAR

FLASH SYSTEM , 50 ## ELECTRIC PLARNT
FIRST PLANT ON LINE DATE : 1983

TEMPERATORE IN CENTIGRADE DEGBEES (BEST ESTIMATE) : 230

WELL DEPTH XN METERS : 1300
BRINE SALINITY : LOoW

OVERLYING ROCK TYPE : HMEDIUM HAFD

SPECIFIED WELL PLCW RATE (KGM./HB.) : 363000

THE COST PER PRODUCTION WELL IS NOT SPECIFIED : IHE DEPAULT COST PER PRODUCTION WELL ($§} = $33136.2
THE COST PER INJECTION WELL IS NOT? SPECIPIED : THE DEFPAULT COST PER INJECTION WELL () = 533136.2

) A
PRODUCER FINANCIAL DATA UTILITY PINANCIAL DATA

DEET FRACTION : 0.30 DEBT FRACTION : :
ANNUAL INTEREST RATE ON DEBT (FRACTION) 0.08 ANNUAL INTEREST RATE ON DEBT (PRACTION)
REQUIRED RATE OP RETURN OR EQUITY (FRACTION) : 0.20 REQUIRED RATE OF RETURN ON EQUITY (FRACTION) :
PROPERTY TAX RATE (PRACTION) : : 0.01 PROPERTY TAX RATE (FRACTICN) :
BEVENUE TAX RATE OR ROYALTY (FRACTION) 0.10 REVENRUE TAX RATE OR ROYALTY (PRACTIOVN)
EPPECTIVE TOTAL INCOME TAX RATE (FPRACTION) : 0.50 EFFECTIVE TOTAL INCOHE TAX RATE (FRACTION) :
EFFECTIVE INVESTNMENT TAX CHREDIT (FRACTION) = 0.04 ° EFFECTIVE INVESTMENT TAX CREDIT (FRACTION)
BESCALATION FACTOR PCR CEM COSTS : 0.05 ESCALATION FACTOR FOK 064 COSTS :

<. ‘ESCALATION PACTOR FOR ENERGY CGSTS : 0.05 ESCALATION FACTOR FOR ENEFGY CCSTS @
ESCALATION PACTOR FOR CAPITAL COSTS : 0.05 ESCALATION PACTOR FOR CAEITAL COSIS :
:LIFE SPAN OP PROLUCTION WELLS (YEARS) : 10.00 LIFE SPAN OF UTILITY PLANT (YEARS) :
LIFE SPAN OP INJECTION WELLS (YEARS) : 10.00 . ULTIWATE CAPACITY PACTOR :
LIPE SPAN OP PROCUCER PLANI (YEABS) : 20.00 . START, UP COST HMULTIPLIER :
START UPF COST HMULTIPLIER : 1.081

* NUMBER OP WELLS , CAPITAL COSTBASIS AND Q&4 COS5TS , AND REVENUE REQUIREHMENTS WITUOUT ANY BREC IMPACTS *

CAPITAL COSTBASIS (1977 s$n) ' . QtH COSTS (1977 3H/YB.)
7 PRODUCTION WELLS : 4,492 PRODUCER
6 INJECTION NELLS : . 3.850 GENERAL :
PRODUCER PLANT EXCLUDING WELLS .:- 4.708 o WELL :
_REPLACEMENT PRODUCTION WELLS : 3.836 DEEP' WELL PUMNP :
REPLACEHMENT INJECTION WELLS : 3.288 SPENT BRINE TREATMENT :
REPLACEMENT PLANT : : 2.077 . CHEHMICAL & MECHANICAL CLEANING
TOTAL POR PRODUCTIQN PIELD : 22.253 TOTAL :
GENERATING PLANT : 24.113 UTILITY
TOTAL ¢ . 46.366 ] . GENERAL .
’ CHEMICAL & MECHANICAL CLEANING
g TOTAL :
o
= #% REVENUE REQUIREMENTS #*
nm-{ PRODUCER : 13.744 MILLS/KWHR

i UTILITY : 7.016 MILLS/KWHR
N ) ) ¢ TOTAL : 20.760 MILLS/KUlI *

0.50
0.08
0.12.
0.01
0.0
0.50
"0.04
0.05
0.05
0.05
30.00
0.80
1.038

0.294

0.703

-y p—r
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ROOSEVELT H.S. , [NEVADA
; (CONTINUED)

* REC INPACTS FOR PLANT NO. 1 - ON LINE DATE : 1983 =
BED COHPONERT ANTICIPATED CHANGE

, ' (%)
CAPITIAL COST PER PBCDUCTION WELL -5.00
CAPITAL COST PER IKRJECTION WELL . -5.00

** REVENUB- BEQUIREMENTS WITH ALL THE R&D:ihPACTS INCLUDED. ®**

PRODUCER : 12.266 KILLS/KWHR
UTILITY : 7.016 MILLS/KWHR
* TOTAL : 19.283 MILLS/KWHR *

* SENSITIVITY OF COST OF ELECTRICITY (PROM PLANT NO. 1 , B&ED IMPACTS INCLUDED) *

l
"BESOURCE & OPERATING PARAMETERS

CHAHGE IN¥ BEVENUE
BEQUIRENENIS (XILLS/KVHR)
-0.2576
-0.2208

BILLS/KWHR
HIGH RESOURCE TEMPERATURE ESTIXATE (260 DEGREES CENTIGRADE) 15.330
LON RESOURCE TEMPERATURE BESTIMATE (200 DEGREES CENTIGRADZ) 33.178
HIGH CAFACITY FACTOR VALUE : 0.85 . ' 18.148
LOW CAPACITY FACTOR VALUE : 0.60 25.710
EXPENSING OP INTANGIBLE DRILLING COSTS ( 70.0% OF WELL COSTS EXPENSED) 17.6812
DEPLETICN ALLOWANCE ( 22.0A4 CE GEQOSS INCOHE) : 16.873
INVESTHENT TAX CBEDIT ( 26.2% GROSS, 15.0% EPFECTIVE) 18.188

o
g 3=
e

v

R L

P

ey e v



ROOSEVELT H.S. //;;;ADA

(CONTINUED .

* REC IMPACTS POR PLANT NO. 2 - ON LINE DATE : 1966 »

RED COMPONENT

RUYBEZR QF PRODUCTICN WELLS

CAPITAL 'COST
CAFITAL COST
CAPITAL COST

- CAPITAL COST

CAPITAL COST
CAPITAL COST
LIPE SPAN OF
LIPE SPAN OF

PER PBCDUCTION WELL
PER IHJOECTION WELL

OF GATHERING SYSTEN

CP DISTRIBUTIOUN SYSTEM
OP TURBINE GENERATOR

OF FROCESS MECHANICAL (UTILITY)

PROLCUCTION WELLS
INJECTION WELLS

STABRT UP COST MULTIPLIERS

*% RAVENDE REQUIREMENIS

L]

PBODUCER
UTILITY
TOTAL

WITH ALL THE R&D IHPACTS INCLUDED. **

(PRODUCER: =-4.16

10.264 MILLS/KHWHR
6.770 HILLS/KWHR
17.034. MILLS/KWHR

ANTICIPATED CHANGE

- 8

CHANGE 1IN BEVENUE

(%) BEQUIBREMENIS (MILLS/KWHB)
-3.00 -0.7358
-12.00, -0.6181
-12.00 -0.5298
-10.00 ~0.0649
~10.00 -0.0254
-3.00 -0.0728
-10.00 -0.0270
20.00 -0.3758
100.00. -0.9828
, UTILITY: -2.12) -0,7208

+ e T i ey W Sy TPy S e—
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BED COMPONENT

HUMBER OF PRODUCTIOH WELLS.

CAPITAL COST
CALPITAL COST
CALPITAL COSBT

CAPITAL COST

CAPITAL COST
CAPITAL COST
LIPE SPAN OF

LIFE SPAR OF

PER PRODUCTIQH WELL
PER IMNJECTIOHN WELL,

OF GATHERING S5YSTEH

0% DISTRIBUTION SiISTEH
OF TUABSINE GENERATOR

'

ROOSEVELT H.5. , \NEVADA
(COUTINUED)

QF PROCESS MECHANICAL (UTILITY)

PEODUCTION WELLS
INJECTION WELLS

STABT UP COST MULTIPLIERS

*# REYEHUE REQUIRENENTS

"PRODUCER

»

UTILITY
TOTAL

WITH ALL THE RSD IHPACTS

. B

+ RET INPACTS FOR PLANT KO, 3 - ON LINE DATE

ANTICIPRTEU CHANGE

11988 »

CHANGE. XN REVEWOE
REQUIBENENTS (HXILLS/KNHR)

1]

-3.00 ~0.7358
~12,00 ~0.6181
~12.00. ~0,5298
-10.00 ~0.064%
~10.00 ~0.0254

~3,00 ~0.0728
~10.00 =0.0270G

-20.00 -0.3835

i} 100.00 -0.9958
(PRODUCER: ~4.16 ,, UTILITY: ~2.12) ~0.7208

“

10.247 HILLS/KWHR
6.770 MILLS/KHHR
17,017 NILLS/KWHE

"

THCLUDED, **

B il BTt Ll o e
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ROOSEVELT H.S. ,{ REVAD
(CONTINUED)

* REL INPACTS FOR PLANT NO. 4 - ON LINE DATE : 1990 *

. B6D COMBPONENT ’ . ANTICIPATED CHANGE CHANMGE 1IN BEVENUE
(%) REQUIREMENTS (AILLS/KWHRY
YUMBER OP PRCDUCTICYN WELLS ) -3.00 -0.7358
CAPITAL COST PER PRODUCTION WELL -20.00 . -1.0302
CAPITAL COST PER INJECTION WELL . -20.00 -0.8830
CAPITAL COST OP GATHERING SYSTEM : -10.00 ~0.0649
CAPITAL COST OF DISTRIBUTION SYSTEM -10.00 -0..0254
CAPITAL COST OP TURBINE GENERAICE ' -3.00 -0.0728
CAPITAL COST OF PROCESS MECHANICAL (UTILITY) -10.00 -0.0270
LIFE SPAN OF PROLCUCTION WELLS : . . 20.00 ~0.3835°
LIFE SPAN OP INJECTION WELLS 100.00 : -0.9958
START UP COST MULTIELIERS (PRODUCER: ~4.16 , UTILITY: -2.12) -0.7208

*% BLVENUE REQUIREMENTS WKITH ALL THE RED IMPACTS INCLUDED, »*

——————

PRODUCER : 9.672 HILLS/KWHR
UTILITY : 6.770 MILLS/KWHR
. TOTAL : 16.442: MILLS/KRHE *

Livid



ROOSEVELT HOT SPRINGS, continued,
The levelized busbar cost of flash—conve;sion,eléctrigityl from this
site is estimated to be 20.8 mills/kWh using currently available
technology. Accounting for anticipated cést reductions from the RD&D
program, the first commercial-scale plapt at this site, postulated to
come on linme in 1983, is expected to have a levelized busbar energy
cost of 19.3 mills/k¥h.

It is assumed that geothermal electric plants in this region
will Be' competing primarily against new western. coal-fired power
plants. The levelized busbar cost of electricity from these sources
is expe;tea to be about 20.0 mills/kWh in 1985, rising to 20.6
mills/kWh in 1990 under assumptions of the National Energy Plan
scenario for escalation of coal prices.

The costs of electricity (with RD&D benefits) at this prospect
are therefore competitive without the advanﬁgge of Federal subsidies.

Subsequent Plants

The. second plant .at Roosevelt, also a SD-Hﬁe,plant; is scheduled
to go on line in 1986, Its conmstruction.must commence in 1984, the
design must be completed in 1984, and the commitment to develop this
expanded capacity must be made by 1982. With a required RD&D cutoff

time of 3 years before power on line, mo operating experience will be

See Chapter 2 for a detailed description of the computer print-out
apd assumptions and data used in this analysis.

RN



ROOSEVELT HOT SPRINGS, concluded.
available for Plant 2 from any of.the new 1983 plants, including
Roosevelt Hot Springs Plant 1. The projected cost of electricity from
Plant 2 is 17.0 wills/kWh (Table 26-I). Plant 3 will realize benefits
from the same RD&D contributions and, since it will be the same size
as Plant 2, will have similar power production costs.

Plant 4, 100-MWe capacity in 1990, will benefit from further
RD&D impacts (Table 26-I) and will produce electricity at a favorable

16.4 mills/kWh.

{2 Ti Vi ar



GLENN H. GARDNER

DEPARTMENT OF ENERGY

ENERGY EXTENSION SERVICE
ROOM 5110

20 MASS. AVE. N.W,
WASHINGTON, D, C, 20545
{(202) 376-1967
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NOTICE OF PROGRAM INTEREST (NPI)
FOR SPECIAL PROJECTS

Up to $600,000 will be made available to the Energy Extension Service
(EES) pilot states to conduct special pro;ects during the EES pilot
program operation. Unsolicited proposals to be funded by the Special
Projects Program will benefit the pilot states by strengthening the

EES pilot program network and helping lay the groundwork for the national
EES program.

In general, the Special Projects Program will fund activities that
{1) enhance the technical capabilities of state EES programs; (2)
facilitate the sharing of information among pilot states and other
states; and (3) offer regional or multistate approaches to delivering
program services and implementing market factors feedback (MET)
activities.

Each submitted proposal should explore methods, approaches, or ideas
in support of the EES Special Projects program that (a) do not "
unnecessarily duplicate work already underway or contemplated by

the Department of Energy (DOE), and (b) are not already known by

DOE, or (c) have previously unrecognized merit or value. Specifically,
DOE will consider for possible funding those proposals that meet the
following restrictions and conditions.

1. Only unsolicited proposals from the ten EES pilot state programs
will be considered; each pilot state may submit more than one
proposal. They must be signed by the state official whose eigna;g .

"ture appears on the face page of the state's EES Grant Document
or by an official designated in writing by this signatory to act

on EES matters. Proposals submitted by non-EES program affiliates
are eligible for consideration if they are submitted by a
participating state as a project under an existing EES pllot

grant and are signed as described above.

2. Projects must benefit more than one pilot state by developing
tangible products or services that can be used by other states in
* the pxlot program.

3. Funds cannot be used simply to expand an individual state program.
4. ‘EBach project budget generally should not exceed $75,000.

5. Funds awarded cannot replace or supplant funding from other sources

now provided for similar activities; rather, they must supplement
such funds.

6. Projects must be completed or have achieved significant results
by the end of .the pilot program (3/31/79).




NP1 For Special Projects

7. Projects must not detract from efforts required to execute the
current EES pilot program.

8. Projects must be consistent with the purposes and requirements
of the EES program as defined in.the PRDA and grant documents -
e.g., no research and development or demonstrations to establish
the feasibility of energy technologies.

Unsolicited proposals must be received on or before May 5, 1978,
5:00 P.M., to be considered for funding. Selections of the proposals
will take place within 60 days after this date.

DOE reserves the right to support or not support any or all proposals
submitted, in whole or in part, and assumes no responsibility for
any costs associated with specific proposal preparation.

Ten (10) cop1es of each proposal should be ma;led, and any questions
referred, to: .

Glenn Gardner

Special Projects Manager
Energy Extension Service

U.5. Department of Energy

20 Massachusetts Avenue, N.W.
Washington, D.C. 20545

(202) 376-1967

Each proposal should be marked:
“EES Special Project Proposal”™

Any resulting EES grant modification awarded pursuant to this NPI
will be subject to the conditions, regulations, and stipulations
contained in the State's current EES grant documents, the ERDA
Procurement Regulations 9-4.950, and the ERDA Federal Assistance
Manual (see 42 Federal Register 27630).

The Department of Energy will obtain comments on proposal abstracts .
and/or the full proposals from a group at non-pilot states. However,
the decision on which proposals to fund wlll be made soley by the
Department of Energy..

Specific information on proposal preparation formats is attached.




CONTENTS OF UNSOLICITED PROPOSALS

No particular format need be followed for the submission of proposals.
However, a proposal shculd, as a minimum, cover the points set forth
below in the order indicated. Elaborate proposals or presentations
are neither necessary nor desirable. In this connection, the proposer
should bear in mind that DOE is under no obligation with respect

to the costs of preparing any proposal. Ten copies of the proposal
should be submitted.

. A formal unsolicited proposal is a detailed document which must be
signed by an authorized official as noted in the NPI. This
document forms the basis for both further technical evaluation and
for possible grant modifications. Each proposal should contain the

- following elements:

J1. Cover Sheet
2. Abstract
‘3. Narrative

4. Cost Proposal (should be a document that is separable from
original proposal).

Cover Sheet

Each proposal must have a cover sheet providing the information set
forth in the sample in Appendix A.

Abstract

At the beginning of each proposal, there should be a concise abstract
of 200-300 works stating the basic purpose, summary of work, and
expected end results of the proposed effort.

Narrative

Each proposai should contain a narrative in which the relevance of
the proposed work to DOE/EES Special Pro;ects Program is discussed and

"aclear statement of the proposed work plan is presented. The quallflcations
‘of the proposer shouid be delineated.

-~

The following points should be specifically addressed:

1. Purpose and Objective -~ State briefly the primary purpose, general
" objective and expected end result of the proposal, such as:

(1) State the problem or problems the proposed special project
will contribute to solving, and the anticipated contribution
of the project to that solution.



(2) Enumerate the specific objectives of the project and specify
the questions which the project will try to answer.

(3) State the expected consequences of successful completion of
the project for the EES program.

(4) Discuss the existing interest by potential beneficiaries
or users.

Statement of Work - Give full and complete technical details of

the procedures that will be followed throughout the scope of work.
Describe the work to be performed and services to be rendered,

phase by phase in a sequence that will permit DOE to determine

the success of the accomplishments at the end of any phase, and
relate these to any phase which follows. Indicate the scope

and methods of management support planned in order to fully

execute the work. Provide an estimated period of time in which

to accomplish the objectives of the proposal or have achieved signi- _
ficant results by 3/31/79, and indicate criteria by which success of
the project can be evaluated. It is advisable to indicate the phasing
of the project on an appropriate time-milestone basis. ’

Organization, Facilities, and Qualifications - As applicable,
make the following representations with respect to the organiza-
tion, facilities, and qualifications for performing the work

or services set forth herein:

a. It is organized and existing under the
(type of organization)
laws of the State of . having its principal
office and place of business in the city of
in the state of .

(1) If a corporation, list the officers authorized to
commit the company.

(2) If a partnership, list the names and addresses of all
partners.

b. It regularly employs persons.

(1) It is (is not) categorized as a "minority business"
enterprise.

(2) It is (is not) categorized as a "small business"
enterprise.

c. Work proposed will be performed at the contractor's place
of business located at .




d. It has available qualified personnel for the performance
of the work or services called for within the time
specified, except as follows: (detail as necessary)

e. It (is currently) (has been) engaged in work or services
of the type required herein and is fully qualified for
the performance of the work or services hereunder as the
result of its experience in the field involved.

f. If a contract is awarded as a result of this proposal,
it is the intention of the proposer to subcontract the
following work or services:

Work, Services, or
Major Equipment Purchases to Prospective**
be Subcontracted Cost?* Subcontractor(s)

g. It has (has not) employed or retained a company or person
{(other than a full-time employee} to solicit or secure this
contract, and agrees to furnish 'information relating thereto
as requested by the contracting officer.

h. It has (has not) the necessary financial capacity, working
capital, and other resources to perform the contract
without assistance from any outside source. (If not,
indicate the amount required and the anticipated source.)

5. Other Information ~ Provide the following:

a. Names, titles, and resumes of principal investigator and
key technical personnel .and percent of time each will be
spending on the special project.***

b. Describe briefly the location, facilities, and special
- equipment available to perform the work outlined in the
proposal.

c. List additional locations, facilities ‘and special equipment
required to perform the work outlined in the proposal.

d. The submission of a proposal to other prospective sponsors,
concurrently with its submission to the DOE, will not
prejudice DOE review of such proposal. 1In this regard, the
following information should be furnished:

* Indicate basis, whether actual competitive price quotations,

catalog prices, or other. - R

** Indicate method of selection, competitive or selected source.
*** Note: This information is also required on the budget sheet

shown in Appendix B.



1

(2)

(3)

Cost Estimate

State whether the proposal has been submitted to any
other prospective sponsor(s), including other Federal
agencies. If so, indicate to whom, when, and where,

and the proposed total cost of such other submission(s).

State whether any portion of the work outlined in the
proposal is presently being supported by any other
sponsor (s) or by the proposer.

State whether any prior work related to the present
proposal was sponsored and, if so, indicate the
information as in (1) above.

An estimate of the cost of all the proposed work or total program, as
appropriate, with breakdowns by task and by Government fiscal year,
should be submitted. A sample format which is adequate for DOE's needs

is set forth in Appendix B.



APPENDIX A

Sample Cover Sheet

UNSOLICITED PROPOSAL
Submitted to

Department of Energy

State

Address

For

Title of Proposal

State Contact

Name & Address of Project Manager if Different From Above

Signature of Authorized State Official as Noted in NPI



From (beginning date) to (ending date)
REIMBURSABLE OR COST SHARING

PORTION

The beginning and snding dates for

the period covered by the budget
should be included. It commiiments
for personnet, supplies or equipmant
have to be made prior to the begin-
ning date, a statement to this eflect
should be included in the proposal.

Salgries of sclentific zarsen-
nel should be identified by

Appendix B

Sample Budget

i the budge! (n-
cludes estimates
of total costs to
complete the
project, indicate
the amounts re-
quired each year,

" Estimated ﬁeqz;lru;venu_
First Year Second Yest.

L8 XXXX - $ XXX

Pnncmal Investgror; B, Roe, A-ieoo.

neor 2 summer
the individual’s name and m
title, social security number,
and monthly acadeamic rate
of pay.

Fraction of time or
sffort personnel will
devote to \he project
should be shown.

List each piece of scientific
or technical equipment to
be purchased or labricated.
Whaere this is not practical,
equipment may be grouped
. in general categories. Any
general purpose equipment
must be listed individually.

Some organiza-
tions include these¢
and other general
purpose ilems of
expense in their
indirect costs. In
such cases. the
items should not
be duplicated by
listing the items a
a direct cost.

The need for individual
pieces of equipment should
be explained in the portion
of the proposal describing
the work to be uncdertaken.

Purpose of the
travel shouid be
-explained in the
proposal.

The budget may include

costs of publishing in rec-
ognized scientific joumals
including the cost of a rea-
sonable supply of reprints,

If the cost of the
later stages of the
project cannot be
accuraletly esli-
mated, only the

Indicate percent costs of the first

and expenditures

to which applied— -

also indicate name
of cognizant audit

year need be
included in the
budget.

and negotiation
agencies.

Under special ressarch suppont
agreements, the institution will be
required 10 turnish an annual
after-the-fact certified statement
showing the actual total cost
during the prior agreement year. ITEMS EXCLUDED FROM COST SHARING TO BE CONTRIBUTED
BY THE CONTRACTOR

(Dollar amounts are not required if the item(s) to be contributed

can be described using quantitative terms such as hours, pounds, etc.)

Institution’s contributions may be
made by contributing particular items
without cost to the ERDAor by agree-
ing to pay a specified parcent of the
totaf cost of the project.

CONTRACTOR CONTRIBUTION OF PRINCIPAL INVESTIGATOR
Principal investigator, R. Roe ‘
50% of time for 9 month academic year.

(Do not show dollar amounts under this category. When all or a part
of the principal investigator’'s time is shown in this section, overhead
and salary related costs for that portion of time may not be included
in Reimbursable or Cost Sharing Portion above.)

NOTE: ERDA is now DOE.
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United States Geological Survey
Geothermal Research Program
Fiscal Year 1975

INTRODUCTION

The U.S. Geological Survey Geothermal Research Program is a multidisci-
plinary effort whose objective is to understand the factors that control
the nature and distribution of geothermal resources in the United States
and thus to provide reliable, documented estimates of the magnitude of
these resources. The program of work for FY-T5 falls into six broad
categories: v

1. Location of geothermal target areas and estimation

of national resources 33%
2. Science and technology for determining the energy
potential of specific geothermal reservoirs ' 29%
3. Geothermal exploration technology 20%
L. Energy potential of deep pafts of geothermal reservoirs 3%
5. Geochemical control of reservoir permeability 4%
6. Environmental impact of geothermal extraction
(earthquakes, subsidence, groundwater disturbance) 11%
100%

The Geothermal Research Program encompasses a broad spectrum of geological,
geochemical, geophysical, and hydrological activities, and accordingly is
set up not as a line activity but as a program that can draw upon the
specialized talent of existing organizational units within Geologic Division
and Water Resources Division. Under the "lead division" concept, the
program is coordinated by L. J. Patrick Muffler under the direction of
Richard S. Fiske (Chief, Office of Geochemistry and Geophysics, Geologic
Division). Donald E. White, as senior U.S5.G.S. scientist in geothermal
research, is advisor to Muffler and Fiske. Geothermal investigations
carried out in Water Resources Division are coordinated by Lee C. Dutcher,
seismic investigations by Peter L. Ward, and geothermal investigations in
Regional Geophysics Branch by Gordon P. Eaton. Approximately 24% of the
Geothermal Research Program is designated for research contracts and grants.
This extramural part of the program is directed by Donald W. Klick, who

also provides liaison in the Washington D. C area with other agencies
having geothermal programs.
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The Geothermal Research Program is organized and maﬁaged separately from
the leasing activities of Conservation Division of the USGS. However,

many data generated by the Geothermal Research Program bear directly on
the land classification and lease evaluation activities of Conservation
Division. ‘Accordingly, the Geothermal Research Program is coordinated with
the classification and evaluation needs and does provide geothermal data

to support the lease-related activities of Conservation Division.

Until 1971, the U.S.G.S. had no specifically funded program of geothermal
resource studies, although investigdtions of hot springs and hydrothermal sys-
tems had been carried out (primarily by Donald E. White) since 19U45 as

part of the ongoing Geologic Division program in energy and mineral

resources. Expansion of the USGS Geothermal Research Program since first
authorized by Congress in FY-T2 is shown below.

FY-11- - $205,000 (part of ongoing "base" program)

FY-T2 $665,000

FY-T3 - $2,255,000

'FY—7h‘ $2,975,000 (includes $300,000 from National Science

Foundation for program acceleration and $l20,000
from Atomic Energy Commission for investigetions at
Raft River, Idaho)

This last figure does not include $1,805,000 requested by the U.S.G.S.
in FY-75 for land classification, lease evalution, and lease supervision.

REGIONAL GEOTHERMAL EVALUATION

Five efforts in the Geothermal Research Program are aimed at a synoptic
overview of geothermal phenomena in the United States, with the goal of
synthesizing diverse geological, geochemical, geophysical, hydrological,

and economic data into an understanding of the nature and distribution !
of geothermal resources of various grades. Each of these efforts is

based in a different subdiscipline and approaches the problem from a
different perspective.

1. A regional volcanologlcal study by Robert L. Smith, Herbert R.
Shaw, and Robert G. Luedke.

2. A study based on heat flow and other regional geophysics by
William H. Diment and Thomas C. Urban.

3. Studies of hot-springs and thermal waters by Donald E. White.
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. Analysis of remote sensing and other synoptic geophysical data
(personnel not certain)

5. Collection of geothermal resource data and analysis in terms of
mineral economics, technological factors, and institutional
constraints (Office of Resource Analysis; personnel not certain)

GEOLOGIC INVESTIGATIONS

Reconnaissance Studies

1. Geothermal reconnaissance of Oregon (Norman S. MacLeod)

2. Geothermal reconnaissance of the northern Great Basin
(Richard K. Hose)

3. Geothermal reconnaissance of Alaska (Thomas P. Miller)

i. Geothermal reconnaissance of the Snake River plain (Paul L.
Williams)

5. Geothermal reconnaissance of the young volcanic areas around
the Colorado Plateau (Peter W. Lipman)

Studies of Specific Geothermal Areas

1. Long Valley, California, with emphasis on the post-caldera
volcanic history (Roy A. Bailey, Robert P. Koeppen, and
Frederick A. Wilson)

2. The Clear Lake volcanic field, California (B. Carter Hearn
and Julie M. Donnelly)

3. Pre-Tertiary geology of the Geysers-Clear Lake Area (Robert J.
McLaughlin) )

+

L. Geology of the Coso Mountains, California (Wendell A. Duffield;
cooperative effort with the U.S. Navy)

5. Studies of the San Francisco volcanic field, Arizona. Areal
geology and petrology by Edward W. Wolfe, Robert L. Christiansen,
George E. Ulrich, and Richard B. Moore. Studies of ultramafic
nodules by E. Dale Jackson and Howard G. Wilshire

6. Geology of the Weiser area, Idsho (David H. McIntyre)
7. Geology of the Raft River area, Idaho (Paul L. Williams, Kenneth L.

Pierce, David H. McIntyre; in cooperation with the Atomic Energy
Commission)
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8. Geology of the Quaternary volcanics.of the Yelloﬁstone region
(Robert L. Christiansen)

9. Geology of Yellowstone thermal areas. Areal studies by L. J.
Patrick Muffler, Donald E. White, and Keith E. Barger. Petrology .
of drill- core by Melvin H. Beeson, Keith E. Bargar, Terry E. C.
Keith, and L. J. Patrick Muffler.

10. Geology of the upper Arkansas River valley (Glenn R. Scott)

GEOPHYSICAL INVESTIGATIONS

Electrical Investigations

1. Dipole-bipole resistivity surveys supplemented by Schlumberger

: soundings (William D. Stanley, Dallas B. Jackson, and Adel A. R.
Zohdy). Surveys in many areas, including Yellowstone Park, The
Geysers, Raft River etc.

2. Telluric investigations (Don R. Mabey and James E. O'Donnell)

3. Self-potential surveys and interpretation (Donald B. Hoover and
David V. Fitterman)

4. Continuing refinement of techniques for interpreting resistivity
surveys (Adel A. R. Zohdy)

Electromagnetic Investigations
| 1. Audio-frequency magnetotelluric (AMT') surveys (Donald B. Hoover)
2. Megnetotelluric 'surveys (William D. Stanley and James E. O'Donnell)
3. Geomaénetic soundings (James N. Towle)
4. Controlled source életromagnetic surveys (personnel uncertain)

5. Theoretical electromagnetic research (Frank C. Frlschknecht
Raymond D. Watts, and Walter L. Anderson)

Seismic Investigations

1. Studies of teleseismic P-delays and attenuation phenomena to
identify and define magma chambers (H M. Iyer, A. M. Pitt,
and Don W. Steeples) -

2. Development of a portable network of about 100 seismometers plus
data processing system for use in teleseismic and attenuation
studies (Peter L. Ward, John H. Healy, and Herbert Mills)



3. Analysis and interpretation of seismic noise surveys run in FY-Th
(H. M. Iyer)

L, Delineation of the Kilaues, Hawail magma chamber through use of
expanded seismograph and levelling nets (Peter L. Ward and Rex V.
Allen)

5. Microearthquake monitoring in the Imperial Valley, The Geysers,
San Francisco Mountains, and Yellowstone Park (H. M. Iyer and
"A. M. Pitt)

6. Development of a new system for deep crustal refraction studies
(David P. Hill and John H. Healy)

7. Shallow refraction surveys (Hans D. Ackermann)
8. Laboratory measurements of compressional and shear velocities

in crustal rocks (some partly melted) to 10 kb and 1000°C
(Louis Peselnick and Roger Stewart)

Heat Flow Investigations

Heat flow studies are carried out by a group consisting of Arthur H.
Lachenbruch, John H. Sass, William H. Diment, Thomas P. Urban, Thomas H.
Moses, and Robert J. Monroe. Part of the effort is in studies of broad
regions, in particular the Battle Mountain High in northern Nevada, the
high lave plateaus of Oregon, and the zone of heat-flow transition at the
east side of the Sierra Nevada. In addition, detailed studies of conduc-
tive and convective heat transport are being carried out at The Geysers
and at Long Valley, California.

Gravity and Magnetic Surveys

Gravity and aeromagnetic surveys are being carried out in numerous areas,
in part in support of geologic investigations and in part for regional
tectonic and volcanic analysis. Areas currently being investigated by
Don R. Mabey, Gordon P. Eaton, Donald L. Peterson, Andrew Griscom,
Lindreth E. Cordell, William F. Isherwood, Ronald R. Wahl, and David L.
Williams include The Geysers and Long Valley in California, the Snake
‘River Plain in Idaho, the belt of young volcanic rocks around the Colorado
-Plateau, Yellowstone National Park, the San Francisco volcanic field in
Arizona, and several areas in central Oregon.

Remote Sensing

1. Continued development of the thermal inertia model for extrac-
ting geothermal signal from thermal noise, with field experiments
at Raft River, Idaho, and Norris Geyser Basin in Yellowstone Park
(Kenneth Watson and others)



6

Study of surface thermal emission and infrared imagery at Long
Valley, California (Jules D. Friedman)

Continued development of the passive microwave technique, with
field surveys at Long Valley, California and Raft River, Idaho
(Anthony W. England)

Borehole Logging

Continuiﬂg effort by W. Scott Keys and Richard H. Merkel to develop high-
temperature borehole logging devices and to test them in simulated and
in field conditions.

GEOCHEMISTRY

Geothermal Waters

1.

Sampling of fluids from hot springs and wells followed by chemical
analysis for major and minor constituents is carried out by

Ivan Barnes, Robert H. Mariner, John B. Rapp, Theresa S. Presser,
and others. Major sampling efforts in FY-75 will be in The
Geysers-Clear Lake area of California, in western Montana, and in
the belt of volcanic rocks around the Colorado Plateau.

Use of major-element contents and ratios as geothermometers to
estimate minimum subsurface temperatures (Robert O. Fournier
and Alfred H. Truesdell)

Develogment of methods that use the fractionation of isotopes
(eg., 180 between SOy and Hy0; 13C between CHy and CO,) to
estimate subsurface temperatures (Alfred H. Truesdell and
William F. McKenzie)

Interpretation of water compositions in terms of reaction with
associated minerals (Ivan Barnes)

Anglysis and interpretation of dilution and dissipation of trace
elements discharged in geothermal waters (Everett A. Jenne)

‘Bxperimental Mineralogy and Petrology

1.

Laboratory experiments on the hydration status of aqueous
silica species and the system NaCl-KC1l-CaCl,-H,0 with and
without quartz (Robert O. Fournier, Randall S. -Babcock, and
J. M. Thompson)

Laboratory studies on aqueous silica species and on ferrous
and calcium silicate complexes in solution (John L. Haas)
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T

' /
Theoretical and laboratory studies of the kinetics of igneous pro-

cesses (Lawrence M., Cathles)

Thermodynamic properties

1.

L.

Laboratory determination of the pressure-volume-temperature
relations of geothermal brines (Robert W. Potter)

- Calorimetric studies to determine the thermodynamic properties

of phases relevant to the possible plugging of geothermal
reservoirs (Richard A. Robie and Bruce S. Hemmingway)

Evaluation and correlation of thermodynamic data (James R. Fisher)

Collection and evaluation of thermodynamic data for agueous
species (Charles L. Christ)

Isotope Studies

1.

Potassium-argon dating of igneous rocks from geothermal areas
(G. Brent Dalrymple, Marvin A. Lanphere, Edwin H. McKee, and
Harald H. Mehnert)

Studies of stable isotopes (0, C, H) in geothermal waters and
minerals (James R. O'Neil) :

Studies of stable isotopes ip Yellowstone Park, with'emphasis.
on 3%g relationships (Robert O. Rye)

HYDROLOGIC INVESTIGATIONS

Reconnaissance Studies of Hot-Water Systems

1.

Hydrologic reconnaissance of selected geothermal systems in
northern Nevada, including Double, Fly Ranch, Gerlach, Brady's,
Leach, Buffalo Valley, and Sulphur Hot Springs (Franklin H.
Olmsted and F. Eugene Rush)

Hydrologic reconnaissance of selected geothermal systems in
southern Oregon (Edward A. Semmel). Initial emphasis is being
placed on the Klamath Falls and Newberry areas.

Tentative plans for geothermal reconnaissance in Utah, Hawaii,
Montana, and Colorado.

1.

Detailed study of the hydrology of Long Valley, California
(Robert E. Lewis)
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Detailed study of the hydrology of the Jemez Mountains, New
Mexico (Frank W. Trainer), in part in cooperation with Los Alamos
Scientific Laboratories.

Collection and collation of hydrologic data from the Imperial
Valley, California (William F. Hardt)

Collection of hydrologic data from shallow auger holes and
intermediate-depth test wells in Raft River area, Idaho (E. G.

‘Crosthwaite)

Ejdrologic Support

1.

Rotary drilling (using USBR equipment) to depths of 300.to
1500 feet, in support of hydrologic studies listed above.

Auger and rotary drilliﬂg to depths of 10 to 150 feet, in
support of hydrologic studies listed above.

Development and testing of packer and tracer systems for use
in determining hydrologic properties in hot drillholes (Eugene
Shuter)

Determination of hydrologic properties of core at the drill site
using a truck-mounted laboratory (Francis S. Riley)

Borehole logging of holes drilled for hydrologic purposes (W.
Scott Keys and Richard H. Merkel)

Modelling and Physics of Hydrothermal Systems

1.

Development of a two-phase mathematical model to simulate the
production history of a hot-water geothermal system (James W.
Mercer) : ' -

Application of mathematical models to the Imperial Valley geother;
mal system (Raymond E. Miller)

Adaptation of a model developed by Lawrence Livermore Laboratory
to geothermal systems and use of the model in interpreting the
hydrologic and thermal data from Long Valley and one or more
Nevada areas (Michael L. Sorey)

Laboratory experiments and theoretical studies of how high
temperature gradients effect multi-phase flow of fluids (Akio
Ogata)

Experimental investigations of the feasibility of increasing
productivity of hydrothermal systems by inducing hydraulic
fractures in poorly permeable rock (John D. Bredehoeft)
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Analysis of production behavior of hot-water and dry-steam geo-
thermal wells (Manuel Nathenson)

Geopressured Reservoirs

1.

Continuing mapping of selected parameters (extent of geopressured
sands; water salinity; temperature; location of faults and folds)
using data from deep oil wells in the Gulf Coast of Texas and

Louisiana (Paul H. Jones, Raymond H. Wallace, John B. Wesselman)

Analysis of whether high rates of fluid production from geo-
pressured aquifers can be maintained for periods of 20 years
(S. S. Papadopulos)

Analysis of the economic feasibility of recovering kinetic,
thermal, and combustion energy from Gulf Coast geopressured
reservoirs (Thomas Maddock, III)

Investigations of ‘the geochemistry of geopressured fluids and
the changes in filuid composition, dissolved methane content,

. and clay mineralogy. that may occur under high production rates

(staffing uncertain)

Development of a quantitative model of representative geopres-
sured aquifer, including analysis of pressure changes and land
subsidence that might result from large-scale production (staffing
uncertain)

Hot-Dry Rock

1.

Investigation of the feasibility of economic extraction of heat
from multiple hydraulic fractures in slanted drill holes.
Initial effort is being devoted to a) fracture geometry, dimen-
sions, shape and width as a function of stresses and injection
medium (David D. Pollard), and b) analysis of flow paths between
holes intersecting fractures (Manual Nathenson)

Experimental investigations of the change in permeability as water
is flushed through hot granite (James D. Byerlee)

Subsidence

Ben E. Lofgren is continuing cooperation with various Federal, State and
local agencies as well as private industry to monitor ground movements

in the Imperial Valley, in order to detect any possible subsidence due

to geothermsl development. A similar net with both horizontal and vertical
control is monitored at The Geysers, California. Evaluation of monitoring
needs is being undertaken for Raft River and Bruneau-Grandview, Idaho,

Long Valley, California, and the Gulf Coast, leading to new monitoring nets
in selected parts of these areas.
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GRANTS AND CONTRACTS

The grants and contracts part of the USGS Geothermal Research Program is
designated to supplement the in-house research effort, and accordingly will
be closely coordinated with the research carried out by USGS personnel.
Proposals will .be evaluated on the basis of technical content, relevance

to geothermal resource evaluation, and compatibility with the USGS in-house
geothermal program. In addition, the USGS geothermal grants and contracts
effort will be coordinated with the parallel geothermal resource program
of the National Science Foundation. Responsibility for the USGS geothermal
grants and contracts lies with Donald W. Klick.



PERSONNEL

Name
Hans D. Ackermann
Rex V. Allen
Walter L. Anderson
Randall S. Babcock
Roy A. Bailey
Keith E. Bargar
Ivan Barnes
" Melvin H. Beeson
John D. Bredehoeft
James D. Byerlee
Lawrence M. Cathles
Charles L. Christ
Robert L. Christiansen
E. G. Crosthwaite
Lindreth E. Cordell
G. BrentvDalrymple
William H. Diment
Julie M. Donnelly
Wendell A. Duffield

Lee C. Dutcher

' Gordon P. Eaton
Anthony W. England
James R. Fisher
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Organizational Unit

Regional Geophysics Branch

Earthquake Tectonics Branch

Regional Geophysics Branch

Experimental Geochemistry and Mineralogy Branch
Field Geochemistry and Petrology Branch

Field Geochemistry and Petrology Branch

Water Resources Division

Field Geochemistry and Petrology Branch

Water Resources Division ’

Earthquake Tectonics Branch

Experimental Geochemistry and Mineralogy Branch
Experimental Geochemistry and Mineralogy Branch
Field Geochemistry and Petrology Branch

Water Resources Division

Regional Geophysics Branch

Isotope Geology ‘Branch

Earthquake Tectonics Branch

Field Geochemistry and Petrology Branch

Field Geochemistry and Petrology Branch

Water Resources Division

Regional Geophysics Branch

Regional Geophysics Branch

Experimental Geochemistry and Mineralogy Branch

Headquarters

Denver
Menlo Park
Denver
Menlo Park
Reston
Menlo Park
Menlo Park
Menlo Park
Reston
Menlo Park
Reston
Menlo Park
Menlo Park
Boise, Idaho
Denver
Menlo Park
Menlo Park

Berkeley, Calif. (Univ.

Menlo Park
Menlo Park
Denver

Denver
Reston

Calif.)



PERSONNEL

Name
Richard S. Fiske
David V. Fitterman
Robert 0. Fournier
Jules D. Friedman
Frank C. Frischknecht
Andrew Griscom
John L. Haas
William F. Hardt
John H. Healy
B. Carter Hearn
Bruce S. Hemmingway
David P. Hill
Donald B. Hoover
Richard K. Hose
William F. Isherwood
H. M. Iyer
Dallas B. Jackson
E. Dale Jackson
Everett A. Jenne
Paul H. Jones
Terry E. C. Keith
W. Scott Keys
Donald W. Klick

12

) Onggniiational Unit
Office of Geochemistry and Geophysics

Regional Geophysics Branch

Experimental Geochemistry & Mineralogy Branch
Regional Geophysics Branch

Regional Geophysics Branch

Regional Geophysics Branch -
Experimental Geochemistry & Mineralogy Branch
Water Resources Division

Seismology Branch

Field Geochemistry and Petrology Branch
Experimental Geochemistry and Mineralogy Branch
Seismology Branch

Regional Geophysics Branch

Western Mineral Resources Branch

Regional Geophysics Branch

Seismology Branch

Regional Geophysics Branch

Earthquake Tectonics Branch

Water Resources Division -

Water Resources Division

Field Geochemistry and Petrology Branch
Water Resources Division

- Office of Geochemistry and Geophysics

Headquarters

Reston
Denver
Menlo Park
Denver
Denver
Menlo Park
Reston
Garden Grove, Calif.
Menlo Park
Reston
Reston
Menlo Park
Denver
Menlo Park
Denver
Menlo Park
Denver
Menlo Park
Menlo Park
Bay St. Louis, Mississippi
Menlo Park
Denver
Reston



PERSONNEL

Name
Arthur H. Lachenbruch
Marvin A. Lanphere
Robert E. Lewis
Peter W. Lipman
Ben E. Lofgren
Don R. Mabey
Thomas Maddock, III
Norman S. Macleod
Robert H. Mariner
David G. McIntyre
Edwin H. Mckee
William F. McKenzie
Robert J. McLaughlin
Harald H. Mehnert
James W. Mercer
Richard H. Merkel
Raymond E. Miller
Thomas P. Miller
Herbert Mills
Richard B. Moore
Thomas H. Moses
L. J. Patrick Muffler
Robert J. Munroe
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Organizational Unit

Earthquake Tectonics Branch
Isotope Geology Branch

Water Resources Division

Central Environmental Branch
Water Resources Division
Regional Geophysics Branch

Water Resources Division

Western Mineral Resources Branch
Water Resources Division

Central Environmental Branch
Western Mineral Resources Branch

Experimental Geochemistry and Mineralogy Branch

Western Environmental Branch
Isotope Geology Branch

Water Resources Division
Water Reéources Division
Water Resources Division
Alaskan Geology Branch
Seismology Branch
Astrogeologic Studies Branch
Earthquake Tectonics Branch

Office of Geochemistry and Geophysics

Earthquake Tectonics Branch

Headquarters

Menlo Park
Menlo Park

Garden Grove, Calif.

Denver

Sacramento,

Denver
Reston

Calif.

Menlo Park

Menlo Park
Denver
Menlo Park
Menlo Park
Menlo Park
Denver
Reston
Denver
Washington
Anchorage
Menlo Park
Flagstaff
Menlo Park
Menlo Park

D.C.

Menlo Park



PERSONNEL

Name
Manuel Nathenson
James E. 0'Donnell
Akio Ogata

Franklin H. Olmsted

James R. 0'Neil

S. S. Papadopulos
Louis Peselnick
Donald L. Peterson
Kenneth L. Pierce
A. M. (Mitch) Pitt
David D. Pollard
Robert W. Potter
Theresa S. Presser
John B. Rapp

- Francis S. Riley
Richard A. Robie
F. Eugene Rush
Robert 0. Rye
Edward A. Sammel
John H. Sass

Glenn R. Scott
Herbert R. Shaw
Eugene Shuter

1k

Organizational Unit

Field Geochemistry and Petrology Branch
Regional Geophysics Branch

Water Resources Division

Water Resources Division

Isotope Geology .Branch

Water Resources Division

Earthquake Tectonics Branch

Regional Geophysics Branch

Central Environmental Branch

Seismology Branch

Earthquake Tectonics Branch

Experimental Geochemistry and Mineralogy Branch
Water Resources Division

Water Resources Division

Water Resources Division

Experimental Geochemistry and Mineralogy Branch
Water Resources Division '

Isotope Geology Branch -

Water Resources Division

Earthquake Tectonics Branch

Central Environmental Branch

Experimental Geochemistry and Mineralogy Branch
Water Resources Division

Headquarters
Menlo Park
Denver

Denver
Denver
Menlo Park
Reston
Menlo Park

Denver

Denver

Menlo Park
Menlo Park
Reston

Menlo Park
Menlo Park
Denver

Reston

Carson City, Nevada
Denver

Menlo Park
Menlo Park
Denver

Berkeley, Calif.
Denver



PERSONNEL

Name
Robert L. Smith
Michael L. Sorey
William D. (Dal) Stanley
Don W. Steeples
Roger Stewart
J. M. (Mer) Thompson
James N. Towle
Frank W. Trainer
Alfred H. Truesdell
George E. Ulrich
Thomas P. Urban
Ronald R. Wahl
Raymond H. Wallace
Peter L. Ward
Raymond D. Watts
Kenneth E. Watson
John B. Wesselman
Donald E. White
Howard G. Wilshire
Edward W. Wolfe
David L. Willaims
Paul L. Williams
Frederick A. Wilson

Adel A. R. Zohdy * =
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Organizational Unijt

Field Geochemistry and Petrology Branch
Water Resources Division

Regional Geophysics Branch

Seismology Branch

Earthquake Tectonics Branch
Experimental Geochemistry and Mineralogy Branch
Regional Geophysics Branch

Water Resources Division

Experimental Geochemistry and Mineralogy Branch
Astrogeologic Studies Branch

Earthquake Tectonics Branch

Regioné1 Geophysics Branch

Water Resources Division

Seismology Branch

Regional Geophysics Branch

Regional Geophysics Branch

Water Resources Division

Field Geochemistry and Petrology Branch
Astrogeologic Studies Branch
Astrogeologic Studies Branch

Regional Geophysics Branch

Central Environmental Branch

Field Geochemistry and Petrology Branch
Regional Geophysics Branch

Headquarters

Reston

Menlo Park

Denver

Menlo Park -
Menlo Park

Menlo Park

Denver

Albuquerque, N.M.

Menlo Park

Flagstaff, Ariz.

Menlo Park

Denver

Bay St. Louis, Mississippi
Menlo Park

Denver

Menlo Park

Bay St. Louis, Mississippi
Menlo Park

Menlo Park

Flagstaff, Ariz.

Denver

Denver

Washington

Denver-- = s
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United States Geological Survey
Geothermal Research Program
Fiscal Year 1976

INTRODUCTION

The U.S. Geological Survey Geothermal Research Program is a multidisci-
plinary effort whose objective is to understand the factors that control
the nature and distribution of geothermal resources in the United States
and thus to provide reliable, documented estimates of the magnitude of
these resources as an aid in the development of a national energy policy.
The program of work for FY-76 falls into five broad categories:

1. National geothermal resource assessment 32%

2. Exploration technology 21%

3. Energy potential of geothermal reservoirs 31%

4. Environmental impact 12%
(earthquakes, subsidence, groundwater disturbance)

5. Geochemical control of reservoir permeability 4%

| 100%

The Geothermal Research Program encompasses a broad spectrum of geological,
geochemical, geophysical, and hydrological activities, and accordingly
is set up not as a line activity but as a program that can draw upon the
specialized talent of existing units within Geologic Division and Water
Resources Division. Under the "lead division" concept, the program is
coordinated by L. J. Patrick Muffler under the direction of Richard S.
Fiske (Chief, Office of Geochemistry and Geophysics, Geologic Division).
Donald E. White, as senior U.S.G.S. scientist in geothermal research, is
advisor to Muffler and Fiske. Geothermal investigations carried out in
Water Resources Division are coordinated by Frank W. Trainer. Approxi-
mately 20% of the Geothermal Research Program is designated for research
contracts and grants. This extramural part of the program is directed
by Donald W. Klick, who also provides liaison in the Washington D. C.
area with other agencies having geothermal programs.

The Geothermal Research Program is organized and managed separately from
the leasing activities of Conservation Division of the USGS. However,
many data generated by the Geothermal Research Program bear directly on
the land classification and lease evaluation activities of Conservation
Division. Accordingly, the Geothermal Research Program is coordinated
with the classification and evaluation needs and provides geothermal
data to support the lease-related activities of Conservation Division.

Until 1971, the U.S.G.S. had no specifically funded program of geothermal
resource studies, although investigations of hot springs and hydrothermal



systems had been carried out (primarily by Donald E. White) since 1945
as part of the ongoing Geologic Division program in energy and mineral
resources. Expansion of the U.S.G.S. Geothermal Research Program since
first authorized by Congress in FY-72 is shown below.

FY-71 $205,000 (part of ongoing "base" program)
FY-72 $665,000
FY-73 $2,255,000

FY-74 $2,975,000 (includes $300,000 from National Science Founda-
tion for program acceleration.and $120,000 from Atomic
Energy Commission for investigations at Raft River, Idaho)

FY-75 $9,309,000 (includes $343,000 from Energy Research and
Development Administration for 1975 geothermal resource
estimation)

FY-76 $9,114,000

This last figure does not include $1,987,000 requested by the U.S.G.S.

in FY-76 for land classification, lease evaluation, and lease supervision.
Of this $1,987,000 approximately $320,000 is used for geophysical surveys
conducted on Federal land prior to competitive lease sales.

REGIONAL GEQTHERMAL EVALUATION

Four efforts in the Geothermal Research Program are aimed at a synoptic
overview of geothermal phenomena in the United States, with the goal of
synthesizing diverse geological, geochemical, geophysical, hydrological,
and economic data into an understanding of the nature and distribution
of geothermal resources of various grades. Each of these efforts is
based in a different subdiscipline and approaches the problem from a
different perspective.

1. A regional volcanological study by Robert L. Smith, Herbert R.
Shaw, and Robert G. Luedke.

2. Studies of hot-springs and thermal waters by Donald E. White.

3. Collection of geothermal resource data (James A. Calkins and
JoAnn Cobb).

4. Analysis of geothermal resource data in terms of producibility,
mineral economics, technological factors, and institutional
constraints (Donald E. White, Manuel Nathenson, L. J. Patrick
Muffler, and John C. Lucking).



GEOLOGIC INVESTIGATIONS

Reconnaissance Studies

Geothermal reconnaissance of Oregon (Norman S. Macleod).
Geothermal reconnaissance of Alaska (Thomas P. Miller).

Geothermal reconnaissance of the Snake River Plain (Steven S.
Oriel, Harold J. Prostka, Mel A. Kuntz, Kenneth L. Pierce, and
Harry R. Covington).

Statistical characterization of geothermal areas in the Basin
and Range province (David L. Williams).

Continued mapping of selected parameters (extent of geopressured
sands; water salinity; temperature; Tocation of faults) using
data from deep 0i1 wells in the Gulf Coast (Raymond H. Wa11ace,
John B. Wesselman, and Richard Taylor).

Studies of Specifi¢ Geothérmal Areas

1.

Long Valley, California, with emphasis on the post-caldera vol-
canic history (Roy A. Bailey, Robert P. Koeppen, and Frederick
A. Wilson).

The Clear Lake volcanic field, California (B. Carter Hearn and
Julie M. Donnelly).

Pre-Tertiary geology of The Geysers/Clear Lake Area (Robert J.
McLaughlin).

Geology of the Coso Mountains, California (Wendell A. Duffield
and Charles R. Bacon; cooperative effort with the U.S. Navy
and the Energy Research and Development Administration).

Studies of the San Francisco volcanic field, Arizona. Areal
ggo]ogy and petrology by Edward W. Wolfe,George E. Ulrich,
Richard B. Moore and Richard F. Holm.

Geology of the Raft River are, Idaho (Paul L. W1111ams, Kenneth
L. Pierce, Steven S. Oriel, and Harry R. Covington; in coopera-
tion with the Energy Research and Development Administration.

Geology of the Quaternary volcanics of the Yellowstone region
(Robert L. Christiansen)

Geology of Yellowstone thermal areas. Areal studies by L. J.
Patrick Muffler, Donald E. White, and Keith E. Bargar. Petro-
ology of drill core by Melvin H. Beeson, Keith E. Bargar,. Terry
E.C. Keith, and L. J. Patrick Muffler.



Studies of Specific Geothermal Areas continued:

9.

10.

Geology of the thermal areas in and around Lassen National Park

. (Penelope A. Bowen)

Geology of Mt. Shasta (Robert L. Christiansen)
GEOPHYSICAL INVESTIGATIONS

Electrical and Electromagnétic

1.

Refinement of DC resistivity methods (Dallas B. Jackson and
A. A. R. Zohdy).

Development of transient electromagnetic sounding methods
(William D. Stanley, James N. Towle, and Dallas B. Jackson).

Telluric surveys (James E. 0O'Donnell).

Development of magnetotelluric sounding methods for the deter-
mination of regional geothermal potential (William D. Stanley).

Determination of upper crustal and mantie conductivity using
magnetic variometer arrays (James N. Towle and David V. Fitterman).

Development of self-potential techniques for geothermal explora-
tion (Donald B. Hoover).

Development of tensor audio-frequency magnetotelluric techniques
for geothermal exploration (Donald B. Hoover).

Development of techniques and computer programs for electromag-
netic modeling and the inversion of electromagnetic data (Walter
L. Anderson).

Seismic Investigations

1.

Studies of teleseismic P-delays and attenuation phenomena to
identify and define magma chambers at Yellowstone Park, The
Geysers, Coso Mountains, San Francisco Mtn. (Arizona), and Mt.
Drum (Alaska). (H. M. Iyer and A. M. Pitt).

Development of a portable network of about 100 seismometers
(CENTIPEDE array) plus data processing system for use in tele-
seismic and attenuation studies (Paul Reasonberg, Anthony Marshall,
and Peter Stevenson).

Delineation of the Kilauea, Hawaii magma chamber through use of
Sxpanded)seismograph and tiltmeter nets (Fred W. Klein and Rex
. Allen).



Seismic Investigations continued:

4. Microéarthquake monitoring in the Imperial Valley, The Geysers,
and Yellowstone Park (A. M. Pitt and Gary S. Fuis).

5. Development of a new system for deep crustal refraction studies
(David P. Hill, John H. Healy, David H. Warren, Jay Dratler,
and Robert M. Hazelwood).

6. Shallow refraction surveys (Hans D. Ackermann).

7. Laboratory measurements of compressional and shear velocities
in crustal rocks (some partly melted) to 10 kb and 1000°C (Louis
Peselnick and Roger Stewart).

Heat Flow Investigations

Heat flow studies are carried out by a group consisting of Arthur H.
Lachenbruch, John H. Sass, William H. Diment, Thomas P. Urban, Thomas H.
Moses, and Robert J. Monroe. Part of the effort is in studies of broad
regions, in particular the Battle Mountain High in northern Nevada, the
high lava plateaus of Oregon, and the zone of heat-flow transition at
the east side of the Sierra Nevada. The remaining effort consists of
detailed studies of conductive and convective heat transport are being
carried out at The Geysers and at Long Valley, California. In addition,
the Pallman (chemical) method of determining mean annual ground tempera-
tures is being evaluated by Irving Friedman.

Gravity and Magnetic Surveys

1. An ihvestigation of the system of young volcanic centers along
the east side of the Sierra Nevada (D. L. Williams, W. F.
Isherwood, M. F. Kane).

2. Structural setting of the Snake River Plain including detailed
studies of subsurface structure of the Raft River Area (D. R.
Mabey, T. G. Heldenbrand).

3. Regional structure of the Colorado Plateau margin and its
associated young volcanics, in particular San Francisco
Mountains (R. R. Wahl, G. P. Eaton).

4. Development of analytical methods for application in geothermal
areas (Bimal K. Bhattacharyya, T. G. Hildenbrand).

5. A group of less comprehensive investigations being carried
out in Oregon, Alaska, Calif., New Mexico and Yellowstone
. National Park (L. E. Cordell, W. F. Isherwood and A. Griscom).
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Remote Sensing

1.

Continued development. of the thermal inertia model for extrac-
ting geothermal signal from thermal noise, with field experi-
ments at Raft River, Idaho, and Norris Geyser Basin in Yellow-
stone Park (Kenneth Watson and others).

Study of surface thermal emission and infrared imagery at Long
Valley, California (Jules D. Friedman).

Continued development of the passive microwave technique (Anthony
W. England).

Borehole Logging

Continued effort by W. Scott Keys and others to develop high-temperature
borehole logging devices and to test them in simulated and in field condi-

tions.

Miscellaneous

1.

Various gravity, magnetic, electrical and electromagnetic surveys
in Known Geothermal Resource Areas (KGRA's) to provide data for
pre-sale evaluation of Federal lands leased competitively for
geothermal resource development (Don R. Mabey, Carol W. Wilson,
Lindreth E. Cordell, Donald B. Hoover, D. B. Jackson, H. E.
Kaufman, James E. 0'Donnell, Donald L. Peterson, William F.
Isherwood, and Joseph Rosenbaum).

Determination of physical properties of rocks under geothermal
conditions (Gary R. Olhoeft).

Tiltmeter studies for the detection of subsurface magma bodies
at Yellowstone (M. Darroll Wood) and Kilauea (Arnold Okamura).

© GEOCHEMISTRY

Geothermal Waters

1.

Sampling of fluids from hot springs and wells followed by chemi-
cal analysis for major and minor constituents is carried out by
Robert H. Mariner, John B. Rapp, Theresa S. Presser, J. M.
Thompson and others.

Use of major-element contents and rations as geothermometers to
estimate minimum subsurface temperatures (Robert 0. Fournier
and Alfred H. Truesdell). -

Development of methods that use the fractionation of isotopes
(eg., 180 between SO, and H,0; !3C between CH, and C0,) to esti-

0
mate subsurface temperatureg (A1fred H. Truesée]] and " William

F. McKenzie).



Geothermal Waters continued:

4.

Interpretation of water compositions in terms of reaction with
associated minerals (Ivan Barnes). .

Analysis and interpretation of dilution and dissipation of trace
elements discharged in geothermal waters (Everett A. Jenne and
Robert C. Stauffer).

Investigations of the geochemistry and membrane-filtration proper-
ties of the Gulf Coast geopressured systems (Yousif K. Kharaka).

Experimental Mineralogy and Petrology

1.

Laboratory experiments on the hydration status of aqueous silica
species and the system NaCl1-KCL-CaCl -H20 with and without quartz
(Robert 0. Fournier, Randall S. Babcgck, and J. M. Thompson).

Laboratory studies on aqueous silica species and on ferrous and
calcium silicate complexes in solution (John L. Haas).

Thermodynamic properties

1.

5.

Laboratory determination of the pressure-volume-temperature re-
lations of geothermal brines (Robert W. Potter).

Calorimetric studies to determine the thermodynamic properties
of phases relevant to the possible plugging of geothermal re-
servoirs (Richard A. Robie and Bruce S. Hemmingway).

Evaluation and correlation of thermodynamic data (James R. Fisher).

Collection and evaluation of thermodynamic data for aqueous
species (R. M. Siebert and Charles L. Christ).

Evaluation of heats of fusion of common normative minerals
(Stephen D. Ludington).

Isotope Studies

1.

Potassium-argon dating of igneous rocks from geothermal areas
(G. Brent Dalrymple, Marvin A. Lanphere, and Edwin H. McKee).

14¢ d3ting of carbon layers in young volcanic sequence (Meyer
Rubin).

Application of thermoluminescence to dating of volcanic rocks
from Long Valley, California (Rodd May).

Studies of stable isotopes (0, C, H) in geothermal waters and
minerals (James R. 0'Neil).
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Isotope Studies continued:

5.

Studies of stable isotopes in Yellowstone Park, with emphasis
on 3%S relationships (Robert 0. Rye).

HYDROLOGIC INVESTIGATIONS

Reconnaissance Studies of Hot-Water Systems

1.

4.
5.

Northern Nevada, including Double, Fly Ranch, Gerlach, Brady's
Leach, Buffalo Valley, and Su]phur Hot Springs (Franklin H.
O]msted)

Southern Oregon (Edward A. Sammel). Initial emphasis is being
placed on the Klamath Falls and Newberry areas.

Western Utah (F. Eugene Rush).

Western Montana (Robert B. Leonard).

Appalachian mountains (W.A. Hobba and J. C. Chemerys).

Detailed Studies of Hot-Water Systems

1.

5.

Coliection and collation of hydrologic data from the Imperial
Valley, California (William F. Hardt).

Collection of hydrologic data from shallow auger holes and inter-
mediate-depth test wells in Raft River area, Idaho (E. G.
Crosthwaite).

Hydrology of the Coso Mountains, Ca. (W. R. Moyle).

Completion of a study of the discharge hydrology of the Jemez
Mountains, New Mexico (Frank W. Trainer).

Long Valley, (Michael L. Sorey and Franklin H. Olmsted).

Hydrologic Support

1.

Auger and rotary drilling to depths of 1500 feet, in support of
hydrologic studies listed above (Glen Blevins).

Development and testing of packer and tracer systems for use in
determ;ning hydrologic properties in hot drillholes (Eugene
Shuter).

Determination of hydrologic properties of core at the drill site
using a truck-mounted laboratory (Francis S. Riley).

Borehole logging of holes drilled for hydrologic purposes.



"Modelling and Physics of Geothermal Systems

1.

Development of a multi-phase finite-element models to simulate
the production history of hot-water geothermal systems (James
W. Mercer and Charles R. Faust).

‘Development of multi-phase finite difference models of geothermal

systems (Allen F. Moench). ‘

Adaptation of a single-phase finite difference model developed
by Lawrence Livermore Laboratory to geothermal systems and use
of the model in interpreting the hydrologic and thermal data
from Long Valley and various areas in Nevada (Michael L. Sorey).

Laboratory experiments and theoretical studies of how high temper-
ature gradients effect multi-phase flow of fluids (Akio Ogata and
William Herkelrath).

Application of mathematical models to the Imperial Valley geother-
mal system (Raymond E. Miller).

Application of mathematical models to the Raft River geothermal
system (W. D. Nichols).

Development of multi-dimensional finite difference models to
simulate flow from the Gulf Coast geopressured reservoirs (Peter
C. Trescott and Edward Callender).

Analysis of production behavior to hot-water and dry-steam geo-
thermal wells (Manuel Nathenson).

Hot-Dry Rock

1.

Investigation of the feasibility of economic extraction of heat
from multipie hydraulic fractures in slanted drill holes. Initial
effort is being dévoted to fracture geometry, dimensions, shape
and width as a function of stresses and injection medium (David

D. Pollard and Chi Yu King).

Laboratory studies of hydrofracture as a function of confining
pressure, differential stress, and fluid injection rate (James
D. Byerlee).

Experimental investigations of the change in permeability as
water is flushed through hot granite (James D. Byerlee).

Subsidence

Ben ‘E. Lofgren is continuing cooperation with various Federal, State and
local agencies as well as private industry to monitor ground movements in
the Imperial Valley, in order to detect any possible subsidence due to
geothermal development. A similar net with both horizontal and vertical



control is monitored at The Geysers, California. New monitoring nets
and horizontal control nets are monitored at the Raft River, Idaho and
the Coso Mountains, California. Evaluation of monitoring needs in the
Gulf Coast is being undertaken.

GRANTS AND CONTRACTS

The extramural portion of the U.S.G.S. Geothermal Research Program 1is
designed to support and to supplement the in-house research effort and
accordingly close liaison is established with the research carried out
by U.S.G6.S. personnel. In addition, the U.S.G.S. grants and contracts
are closely coordinated with the appropriate elements of the Division of
Geothermal Energy of the Energy Research and Development Administration
as lead agency for Federal geothermal programs. Unsolicited proposals
can be submitted at any time and if of utmost priority, they can be
funded on an individual basis throughout the fiscal year. Most pro-
posals, however, should be submitted in response to & public announce-
ment issued in early Fall with a closing date for receipt of proposals
sometime in mid-December. The proposals are evaluated as a group on the
basis of 1) scientific quality of the work proposed, 2) capabilities of
the principal investigator and his research team, 3) reasonableness of
the resources budgeted for the proposed work, and 4) relevance to the
U.S5.6.S. in-house geothermal program. The grants and contracts imple-
mented in FY-75 fall into three general categories. Slightly more than
half are in exploration technology, about a third in regional assess-
ment, and the remainder in resource characterization. They are:

Granteé/Contractor

University of Arizona
(Paul Damon)

Batelle Pacific
Northwest Laboratories
(William McSpadden)

Brown University
(Joseph Kestin)

University of California

at Berkeley -
(H. Frank Morrison)

University of California
at Berkeley

(H. Frank Morrison and
John Clarke)

University of California
at Riverside

(W.. A. Elders and P. R, L. Browne)

Title

Geochronology of the San Francisco
Volcanic Field

Research to Examine the Cause of the
Geothermal Anomaly in the Deep Well at
Marysville, Montana

Thermophysical Properties of Water
Substance and of Aqueous Solutions

Delineation of Geothermally Active
Regions in Southern Idaho with Gravity
and Magnetic Data

Improved Low Frequency Electromagnetic

Prospecting System for Geothermal Explor-
ation Utilizing a DC Squid Magnetcometer

Comprehensive Laboratory Study of Samples
from Natural Hydrothermal Systems
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Grantee/Contractor

California State
University
(Roswitha B. Grannell)

Colorado Geological
Survey
(Richard H. Pearl)

Colorado State Division
of Water Resources
(John Romero)

ENSCO, Inc.
(Edward A. Page)

ENSCO, Inc.
(Walter Hernandez)

University of Florida
(Douglas L. Smith)

Florida State University

(J. K. Osmond and J. B. Cowart)

Montana State University
(Robert A. Chadwick)

University of New Mexico
(Gary P. Landis)

Occidental College
(Spencer H. Wood)

Oregon State Department
of Geology and Mineral
Industries

(Donald A. Hull)

University of Oregon and
Oregon State University
(Richard Couch and
Howard Baker)

University of Oregon and
Oregon State University
(Richard Couch and
Howard Baker)

Title

Detailed Gravity Surveys of the Brady's
Hot Springs - Soda Lake and the Buffalo-
Jersey-Lower Reese River Valley Areas,
Nevada

Geochemical and Hydrological Parameters
of Geothermal Systems in Colorado

Relationship between Geothermal Resources
and Ground Water in Colorado

Improved Techniques for the Detection of
Geothermal Sources from Seismic Activity

New Signal Processing Methods for
Magnetotellurics '

Heat Flow and Radioactive Heat Generation
Studies in Southeastern United States

Radioactivity Series Isotopic Disequi-
1ibrium in Geothermal Waters

Geothermal Reconnaissance of Southwestern
Montana

Evaluation of Geothermal Potential of the
Basin and Range Province of New Mexico

Eruptive Chronology of Holocene Volcanoes,
Long Valley-Mono Basin Geothermal Areas,
Eastern California

Heat Flow Study of the Brothers Fault
Zone, Oregon

Geophysital Investigations of the
Vale-Owyhee Geothermal Region, Malheur
County, Oregon

Geophysical Investigations of the
Cascade Range in Central Oregon
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Grantee/Contractor

Oregon State University
(Richard Couch)

Stanford University
(David M. Boore)

Stanford University
(Robert L. Kovach and
Amos M. Nur)

University of Texas
at Dallas
(Mark Landisman)

University of Texas
at Dallas
(Mark Landisman)

University of Utah
(Stanley H. Ward)

Title

Analysis of Geophysical Data Pertaining
to the Vale K.G.R.A.

Evaluation of Intermediate Period Seismic
Waves as an Exploration Tool for Geothermal
Areas

Seismic Reflection Investigations in the
Beowawe, Nevada Geothermal Area

Geomagnetic Variometer Arrays as an
Exploration Technique for Conductive
Geothermal Sites

Evaluation of Broad Band Multi-Separation
Crossed Dipole Electrical Techn1que for
Geothermal Exploration

Geophysics Applied to Detection,

Delineation and Evaluation of Geothermal
Resources
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(1) State whether the proposal has been submitted to any
other prospective sponsor(s), including other Federal
agencies. 1If so, indicate to whom, when, and where,
and the proposed total cost of such other submission(s).

(2) sState whether any portion of the work outlined in the

proposal is presently being supported by any other
sponsor (s) or by the proposer.
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proposal was sponsored and, if so, indicate the
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eflort personne! will
devote 10 the project
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. in general categories. Any
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must be listed individually.

The need for individua!
pieces ol equipment should
be explained in the portion
of the proposal describing
the work to be undertaken.

Purpose of the
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proposal.
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costs of publishing in rec-
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including the cost of a rea-
sonable supply of reprints,

Under special research support
agreements, the institution will be
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ITEMS EXCLUDED FROM COST SHARING TO BE CONTRIBUTED
BY THE CONTRACTOR

(Dollar amounts are not required if the item(s) to be contributed

can be described using quantitative terms such as hours, pounds, etc.)

CONTRACTOR CONTRIBUTION OF PRINCIPAL INVESTIGATOR
‘Principal investigator, R. Roe .
50% of time for 9 month academic year.

(Do not show dollar amounts under this calegory. When all or a part
of the principal investigator's time is shown in this section, overhead
and salary related costs for that portion of time may not be inctuded
in Reximbursable or Cost Sharing Portion above.)
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ABSTRACT

The Westinghouse Templifier™, using
heat pump principles, recovers low-
grade waste heat in the 60°F to 160°F
temperature range and amplifies it to
usable levels of up to 220°F. Coeffi-
cients of performance (C.P.O.} normal-
Iy encountered are from 3.0 to 6.0, with
capacities from 200,000 to 10 million
Btu/hr. .

Introduction -

Heat pumping is not a new technology;
however, it is only in the past few years
- that the cost effectiveness of electrically
driven heat pumps is becoming more evi-
dent. Rapidly escalating prices and
dwindling supplies of fossil fuels have
re-directed attention to heat pumps as an
alternative method of heat transfer.

The acceptance and reliability of
residential and commercial air-to-air
heat pumps for space heating has grown
considerably, because technological ad-
vancements have occurred to eliminate
the technical problems which have im-
peded the performance of such pumps,
especially for low-ambient operation.

Industrial uses for water-to-water heat
pumps present many potential applica-
tions for process heat requirements in
addition to space heating. They have in
the past been uneconomical due to the
relatively low cost of other fuels com-
pared to electricity.

The technology and equipment for
higher-temperature (140 to 220°F) heat
pumps is already in existence and is be-
ing demonstrated in many parts of
North America. Since 1975, low-
temperature waste heat sources, such as
cooling tower systems, have been used in
conjunction with heat pumps for hot
water production and space heating.
These same concepts can be applied to
lower-temperature sources to amplify
the temperature to a usable level or in-

‘

Keywords: Equipment, Maintenance, Heat
pumps, Templifier, Heating, Energy conser-
vation.
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FIGURE 1. Templifier schematic diagram: 95°F heat source temperature; 160°F hot

crease the amount of energy that can be
usefully extracted from a limited
resource.

The Industrial
Templifier™

Recent developments by Wéstinghouse
Electric Corporation in the area of high-

"temperature heat pumps offer viable -

alternatives to the use of fossil fuels by
providing economical heat recovery and
amplification from low-grade waste ef-
fluents in the 60° to 120°F range.

The Templifier™ (short for
temperature-amplifier) utilizes a non-
reversible heat pump principle and
works at higher temperature levels, in-
corporating larger compressors and dif-
ferent refrigerants than are currently us-
ed in residential/commercial air-to-air
heat pumps.

Available refrigerants for use in the
Templifier limit the maximum delivery
temperature to about 230°F.

Cycles and Efficiencies
By recovering energy in the available

resource and amplifying the temperature
by means of the compression cycle,

useful heat can be delivered into a pro-
cess fluid. . )
For example, a Templifier extracts
three units of heat from a waste heat
source, adds one unit of ¢lectric power
through the compressor to accomplish
the amplifying and delivers four units of
useful heat output.
The coefficient of performance (C.Q.P.)
in this case would be:
4 units of useful energy OUT = 4 C.0O.P.
1 unit of purchased energy IN
Figure 1 shows the cycle diagram with
a 95°F source entering the Templifier
evaporator. Heat from this source is ab-
sorbed by the unit’s working fluid
vapour, which is then increased both in

. temperature and pressure by the com-

pressor.

The high-temperature working fluid is
then passed to the unit condenser, where
the heat is transferred to the process

. stream. The condensed working fluid is

expanded back to the evaporator to
complete the cycle.

A typical C.O.P. of the cycle
operating at these temperatures is about
4.5,
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. '« Figure 2 shows the two-stage increases

,of compressor configuration normally
required for over B5°F, between the
source water and delivery hot water
temperatures. -

Figure 3 shows the achievable delivery
temperature curves based on cooling the
inlet source temperature 10°F. The ver-
tical scale shows the expected C.O.P.s,
ranging from 3 to 6.

The normal temperature amplifica-
tion range is about 85°F (delivery
temperature minus leaving source
temperature), which would require a
single-stage compressor. Temperature
increases of more than 85°F would re-
quire the use of a two-compressor con-
figuration, as shown in Figure 2.

Application and
System Considerations

For industrial uses the applications are
extremely varied, but there are a number
of basic considerations to contend with,
as follows:

1. Obviously, we need a source of waste
heat in liquid form- the higher the
temperature the better.

2. A simultaneous need for heat in fluid
form must also be met, unless thermal

- storage can be provided at either end.

3. Compatibility of the various source
fluids with shell and tube-type heat ex-
changers, as used with the Templifier, is
necessary.

4. Utilization of some primary direct

R
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FIGURE 2. Templifier schematic diagram—two-stage compression: 90° heat source
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FIGURE 3. Achievable delivery temperature curves.

heat exchangers would be necessary
should the source temperature level be
higher than that of the fluid to be
heated.

$. For economic reasons, it is preferred
to have as many operational hours per
year as possible.

Preliminary Economic
Considerations -

A typical example might be considered
here wherein a heating load could be
represented by boiler feed make-up
water for a 125,000-1b/hr boiler
operating for 8700 hrs/year.

Let us assume that a 40 per cent make-
up is required, which would represent a
make-up flow of 100 gpm (U.S.). The
available heat source is a waste stream or
body of water at 60°F in plentiful supp-
ly, and the make-up water is entering at
40°F and is heated to approximately
110°F. Comparing the operating costs of
oil versus the electric Templifier to il-
lustrate a preliminary economic evalua-
tion, and based on’ providing this 3.5
million Bty/hr capacity, it would appear
as follows:

Should No. 6 oil (180,000 Btu/imp. gal.) be
used, priced at $0.40/1mp. gal. with @ conver-
sion system efficiency of 0.75:

Oil costs =

$0.40 x 3.5 x 105 Bulhr . g00 hrs = $90,200/y1.

180,000 (Bio/gal) x 0.15(EfL) ° A
For the Templifier, operating at a C.O.P. of
5.33 (Fig, 3), with power available .at
$0.01S/KWH:

Electricity costs =
30.015 x 3.5 100 Bruihr . g35 200791,
533 C.P.0. x 3412 Bl/KW

This shows a potential savings of
$65,000 per year. With an estimated in-
stalled cost of $120.000, a simple
(cost/savings) payback of 1.85 years in
calculated.

From this preliminary evaluation,
assuming that the potential falls within
the payback parameters established by
the user (normally the input data would
be refined for specific selection and per-
formance), a detailed financial analysis

. could be prepared to incorporate cost of
capital, maintenance, fuel cost escala-

tion, etc., to establish the return on in-
vestment over any time period.

Conclusion

Although some - applications appear
unattractive for short-term industrial in-

. vestment, however, with the current fuel

escalation rates and potential shortages
now appearing, the electric-driven heat
pump offers economical alternatives
which should be considered. '

Perhaps one of the current oppor-
tunities is the conservation aspect, con-
sidering that the displacement of oil and
gas is mutually beneficial to all.
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Appendix A - Field Operation

Five orthogonal component, surface EM field measurements .
(Ex, Ey, H , H,, H,) were made of the micropulsation fields at each
site in the overall frequency range of approximately 0.002 to 100 Hz:
This range was covered by five overlapping bands as described in
Table B-1.

- TFigure A-1 shows the field sensor configuration used. The
positive x axig is directed to magnetic north, in a right—han’c} coordinate.-
system. The E-field sensors are electrode lines using 100 square inch
lead electrodes with a usual spacing of 600 feet. The H-field sensors are
Geotronics induction magnetometers - model MTC-458 {for Hy and Hy
and Model MTC-6SS for H,.

The instrument van containg the recording system of Geotronics
manufacture, consisting of the MTE-4 three-channel E-field preamp-
lifier, the MTH-4 three-channel H-field preamplifier, the MTC-2
calibrator, . the MTF-16 filter~post amplifier, and the MTDR-2 digital
recorder. A 6-channel Brush chart recorder is used for field moni-
toring of the signals.

A five-man crew is used, consisting of the crew chief and instru-
ment man, alternate mstrument man, and a three-man Slte Iayout team
inc ludmg a surveyor.

"Proper field tec‘hnique, which is of extreme importance in MT
recording, has been developed by Geotronics personnel through 15 years
of MT experience and is stressed throughout the survey. System roise
and data quality checks are made routinely. All sensors are buried
about 12 inches or more deep and all cables buried or weighted to reduce
wind noise and improve thermal stability. While one site is being
récorded, an alternate set of sensors is installed at the next site, and
an adequate time {(a few hours) is allowed for stabilization, including
thermal and magnetic stabilization of the magnetometers and ceontact
potential stabilization of the electrodes.

Field tapes are sent back to Geotronics daily (when conditions
permit) so that preliminary analysis can be done to assess 51gna1 quality O
while the field crew is still in the survey area.
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Appendix B - Data Processing Procedure

Computer processing is done on the Control Data Corporation
Cybernet System. . The Houston based CDC 6600 is used and accessed
through the CDC-Austin 200 series user {erminal. Field tapes are
sent to Houston ard stored in the CDC tape library in read- only mode
for the duratmn of the survey and analysis.

The initial processing is done by program MAGTAN2, which
performs a tensor MT analysis. A brief description of the program
functions and output results is given in Appendix C. The frequency
domain results used in the interpretation of this survey are:

(1) Rotated apparent resistivity and phase functions (RTE
and RTM and related phase functions) for E-parallel
to strike and E-perpendicular to strike respectively.

{(2) Rotation angle {A(YZ)) for the apparent 'dip-axis”

direction determined from H,, the vertical magnetic

field, and is the clirec,tio.n of maximum gradient,

(3) Rotation angle (A(Z)) for maximum or minimum
1mpedance

(4) Three-dimensionality indices (ALPHA and BETA) which
. are the. ""'skew' and "ellipticity" of the immpedance tensor.
Zero value for both of these quantities constitutes the
necessary and sifficient condition for- two-dimensionality.

The frequency bands used in the analysis are given in Table B-1,
which in¢ludes the sampling parameters and the frequency range of
results used for each band. The upper limit on the freguency range
used is near the alias filter cut-off frequency, which is set to approxi-
mately half the Nyquist frequéncy. The lower three frequency points of
- the analysis results are omitted to aveid truncation aliasing error that
is apt to be present. The analysis frequency bands overlap for redundancy.

Strip chart records and field logs are checked to select the best
data recording runs for analysis. Initially, one run of each band for
each site is procgssed and the results checked for several acceptance
criteria. Additional runs are processed where needed to produce thg



begt definition of the computed functions. Finally, all runs of.

the frequency domain resulis to be used are plotted for use in

the subsequent interpretation. Averaged and smoothed functions are
produced from the raw results for use in modeling and other inter-
pretation. All data is corrected for local magnetic declination so

that all subsequent results can be presented in geographic coordinates.

One-dimensional models are produced from the. RTE and
phase functions at each site using program INVERT, which analyti-
cally produces a continuous smoothed function of intrinsic resistivity
vs. depth. These 1D modgls are correlated or contoured to produce
laterally and vertically smoothed versions of the vertical cross-sections
along the survey traverses,

The 1D models are considered as estimates of the resistivity-
depth, vertical profile under 2 given site. The 1D inversion of the
RTE function produces ‘the best estimate of the 1D vertical profile,
but it must be kept in mmd when interpreting the model, that any _
neighboring lateral variations in the. conductivity structure have some
degree of influence on the profile, depending upon the distance to
and magnitude of the anomaly. Normally, thé influence produces a
lateral smoothing effect on the cross section. Consequently, it must
be considered that a change in any direction in the structure may,
in reality, be more abrupt than reflected in the interpreted cross
section. When a low degree of two- and three-dimensionality is. indi-
cated in the MT results the lateral structural variations (electrical
parameters) are usually gradual enough to yield a reasonably faittiful
interpreted cross section.

Finally, a study is made to correlate the two- and three-
dimensional properties of some of the computed MT results with the
interpreted geoelectric cross sections. This includes the apparent
anisotropy evidenced in the RTE and RTM furictions, the rotation angles,
A(YZ), and the 3D indicators ALPHA and BETA.



Appendix B, cont...

J

It is convenient to define an anisotropy factor as
AF(f) = RTM/RTE (B-1)

where f is frequency. Let AF'(f) be the first derivative of AF with
respect to f. For one-dimensional results AF(f) = 1 and AF'(f) =0
for all f. For frequencies where a lateral anomaly (or apparent‘aniso-
tropy) is sensed, the RTE and RTM functions separate and AF(f) # 1
and AF(f) # 0. It can be shown that the conduc¢tive or resistive nature
of the anomaly is indicated by the polarity of AF'(f) as follows:

for AFYf)<0, anomaly is conductive;
' AF'(I))-U‘,‘ anomaly is resistive.

The 3D indicators (ALPHA and BETA) serve to indicate the
presence of three-dimensionality in the impedance tensor at a given -
frequency, and they alsop serve to help classify the anomaly type. The -
condition

ALPHA = 0 R '
and < BETA = 0 (B-2)

is a necessary and sufficient condition for two-dimensionality (or one-
dimensionality). Nonzero value for either index necessarily indicates
three-dimensionality is present. ' The anomalies causing the three-

. dimensionality can be effectively classified in terms of two or more
two-dimensional anomalies that are either (1) coupled - meaning that
the presence of one anomaly modifies the effects of another; or.

(2) uncoupled - meaning that the effects of the two or more anomalies
are seen independently in linear superposition. ‘The condition ALPHA # 0
indicates coupled effects, suggesting, for example, that a shallow
anomaly is distorting the effects of a deeper anomaly havmg different
principal axes. The conditions ALPHA = 0, BETA # 0, indicates
uncoupled effects, suggesting anomalies that might be displaced
laterally in different directions from the measuring site.
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‘ 'fable B-1 - Recording Frequency Bands . d
- 10w
Band | Post Filter | Sampling Number Frequeﬁ-éy Range | No. IRuns |
(Hz) Rate (Hz) Samples Used (Hz) Recorded
N X : (Nominal)
B6 10-256 1000 4096 2.08-256 2-4.
B5 1-25 loo _4695 0.208-25.6 1
B4 | .15 20 14096 0.0415-5,12 4
B3 | .01-.5 2 4096 0.00415-0.512 2
B2 . 002-,125 .5 2048 0.00208-0.128 1
B-4




Appendix C - Computer Programs

1. MAGTANZ - produces the tensor impedance analysis results
in the frequency domain for use in the subsequent modelmg and inter-
pretation. The binary field tape is unpacked..  Site parameters
and system parameters are taken from header informatlién on selected
tape files and the corresponding data is processed to produce the rotated
impedance {ensor results and related quantities, including data quality
indices. One or more of a number of optional outputs is produced on
selected output medija, including line printer and magnetic tape.

The program accepts ag measured input data the total E and H
~ field time domain signals in § components in a right-hand, rectangular
coordinate system, with the + Z-axis vertically downward.

The basic relationships computed are:
A. Impedance, defined by
12 [4)
which relates the horizontal E and H fields.

B. Vertical H relations, defined by

2[5 - [ )
and b)[Hz] !_k ZJ FI ]

which relate H_ to the horizontal fields, where the positive z-axis

is vérti_cally downward.

C. Rotation angles, defined for a given tensor as the angle to the prin-
cipal axes of the tensor. The angle computed in each case is the azimuth
angle of the +¥-axigs, The rotation criteria in each case leave the x-axis
directed along the tensor axis that is nearest the normal to the strike,
termed herein as the "dip-axis". The computed rotation angles are:



Appendix C, cont...

a) A(z): [Z) rotation for Z-max or Z-min.
b) A(YZ): [Y ] rotation to maximize Y .

‘ N 2y
c) A(KZ): [Kz] rotation to maximize sz__.

D. 3D index parameters, skew (ALPHA) and ellipticity (BETA).

~ Reference 5 (Word, et al, 1970) should be consulted for a more
detailed explanation of the analysis techniques and terminology'.

The computed quantities are all in the frequency domain. The
Z-max and Z-min elements of [Z] are converted to apparent resig-
tivities RTM (E-perpendicular to strike) and RTE (E-parallel to strike)
and output together with the correSpondmg impedance element phase
functions,

II. INVERT - produces a one-dimensional (1D) inversion of an
impedance function. The program inputs apparent resistivity and phase
vs frequency and outputs the approximated intrinsic resistivity vs depth
as a continuous function, The program employs two variations in the
inversion algorithm to produce two alternate models referred to as
AMPLITUDE INVERT (AI}) and PHASE INVERT (PI). Both model func-
tions represent smoothed versions of the actual 1D resistivity profile.
The PI model is inherently more smoothed than the AI model. The AI
model tends to show more fine structure and is more responsive to fine
structure in the input function; consequently the Al function must be used
with discretion as to whether the fine structure is meaningful information
or noise. For both models the smoothing effect is essentially a depth
proportional smoothing of the conductivity (inverse resistivity) functien.
Both models are more-sensitive to conductive zones and will tend to under-
estimate the resistivity for electrically thin resistive zones.

III. OPTMOD - produces a one-dimensional N-layered model
by least squares fitting the complex impedance functions for the model
and the measured data, with respect to all model parameters, for up

* 'to N = 10 layers.



IVv. LAYERPXY - produces the forward MT solution for a ene-~
dimensional layered model and plots the model apparent resistivity and
phase with the like measured functions for comparison., Results for
permutations of a number of values for one or twe medel parameters
can be produced to examine the effect of a parameter change.



Appendix D

MT Analysis Results -- Defining Equations and Glossary of Computed.

Quantities

I. MT Model and basic relationships
The total electric and magnetic fields [E] and [H] inthe frequency

(F) domain at point -0- on the earth surface are related by

[z] [H] | -1
Iv] [H] (I-2)

[E]
(H]

n

(excluding F=0), where [E] and [H] are column vectors and {Z] and [Y]

are dyadic tensors represén’cing the surface impedanée and admittance

respectively. [Z] and [Y] are functions of frequency, the field source

and the earth parameters.

Coordinate System - {see Fig. I-1}

Standard right hand rectangular coordinate system (X, Y, Z -
axes) with +Z - down (vertical axis) with the origin at poifit -0-. The
X-axis i§ rotated clockwise (looking in +Z direction) by an'atng[e -A-
from the reference axes XR and YR (normally north and east,

respectively). In the. rotated coordinate system, all fields and




computed tensor quantities are functions of the rotation angle -A-.

Model --- °

Z 2 0 - semi-infinite conductive half space (solid earth) with

generally 3-D in distribution of properties.

Z € 0 - free space

Field source --~

EM plane wave propagating in +Z-direction (down) and incident
onZ =0 sﬁr_face,, Any polarization is allowable except at least

some degree of randoin polarization.is required by the

computation process. Z] and [Y] are independent of plane
at. P! e

wave source conditions.

Field Relations in Rectangular Coordinate System ---

For the (X, Y, Z - axes) Equation (‘Ii-l)_ and (I-2) bécomé

EX(A)

EY(A)

HX(A)
HY(A)

HZ(A)

1

n

f

ZXX(A) HX(A) +

ZYX(A) HX(A)

YXX(A) EX(4)
YYX(A) EX(A)

YZX(A) EX(A)

4~

+

-+

+

ZXY(A)Y HY(4A)

ZYY(A) HY(A)

YXY(A) EY(A)
YYY(A) EY(A)

YZY(A) EY(A)

(I-3)

(1-4)

(1-5)
(I-6)

(I-7)
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Another relationship used is obtained by substituting (I-3)
and (I-4) into (I-7) to get

HZ(A) = KZX(A) HX(A) + KZY(A) HY(A) {1-8)

Units used - (MKS)
[E].- mv/km
[H] - gamma
F - Hz

A - degrees

II. Rotated Quantities

Define: Z1.= ZXY - ZYX (Ir-1)
Z2 = ZXX + ZYY (I1-2)
Z3 = ZXY + ZYX {IL- 3)
24 = ZXX - ZYY : {11-4)
A, Special values of the rotation angle -A- for ‘the

principal axes of the tensor functions defined in Section I

AzMx): |z3aEux)| - [zsw)f (E-5)
Az):  |kzx(a®zy] - [KzZx@)|_ (1~ 6)
ayz):  |vzyarz)| = [vzy@) (T-7)

A(z) = § A(zZMX), (A(YZ)-45°) € A(ZMX) < (A(YZ) + 459)
‘A(ZM}O i 90°, otherwise (Ix-8)



B. Rotated tensor components for principal axes.

ZTE = ZYX(A(Z)) = lZi-TE[ [PTE (11-9)
ZTM = ZXY(A(Z)) = |2TM}[PTM. (I1-10)
RTE = (0.2/F) [ZTE|2 (ohm-meters) (Ir-11)
RTM = (0.2/F) [_‘ZTM|2 (ohm-meters) {11-12)
KZTE = KZX(A(KZ)), (Hz/ H L strike) (I1-13)
C. 3-D indices (skew and elll'ipt‘*ic”ity)
ALPHA = 122(5(21\&{))/21,(A(ZMX))\ (II-14)
BETA = '[Z‘4(AI(Z_MX))/Z'3(A(ZMX))l (I1-15)

III. Notes and Glossary of Terms.
A. Notes
1) Principal values of the rotation angle -A- for a given
.trensorf- function are indi;at’ed by a parenthetical suffix

on A.

2) A "TE" or "TM'" suffix is used on some variable names
to indicate transverse electric (E parallel to strike) or

transverse magnetic (H parallel to strike) components.

3} Refer to sections I-and I for mathematical definitiorns

of the terms described herein.



4) The variable names and symbols used in sections
I, II, & II correspond to the notation used in.the

MAGTAN2 analysis program output.

B. Glossary
1) Dip axis - a straight line in the Z=0 plane, passing
through the measuring point and normal to the apparent

strike direction.

2) A(ZMX) - principal rotation angle for the {27 tensor,

placing the X-axis in the maximum impedance diréction.

'3) A(KZ) - principal rotation. angle for the [KZ] tensor,
such that HZ is most coherent with HX, X-axis is an

estimate of the dip-axis.

4) A(YZ) - principal rotation angle for the [YZ] tensor,.
such that HZ. is most coherent with EY. X-axis is an

estimate of the dip-axis.

5) A(Z) - principal rotation angle for the [Z] tensor,
but adjusted by & 90° such that the X-axis angle is
nearer A(YZ), the dip-axis angle. Either X-axis or

Y -axis is ir max impedance direction.
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6). ZTE - principal component of rotated [Z] tensor

for E parallel to strike and H perpendicular to strike.

7) ZTM - principal component of rotated [Z] tensor

for E perpendicular to striké 'and H parallel to Strike.
8) RTE - apparent resistivity for ZTE.

9) RTM - apparent resis’.nivity for Z‘TM.

10) PTE - phase of ZTE.

11) PTE - phase of ZTM.,

12) KZTE - principal component of rotated [KZ.]
tensor for x-axis aligned wit.h dip-axis (equal to

2

HZ/H 1 strike).

13) ALPHA - skew of [Z] tensor. Ratio of magni-
tudes of phasor positions of the centers of the
elliptical loci with rotation angle -A- for ZXX

(numerator) and ZXY (denom. Y

14) BETA - ellipticity of [Z] tensor. Ratio of

minor to major axes of rotation angle loci ellipse.

tl
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Geothermal resource program lauded

By DEBORAH FRAZIER
© News Staff )

GLENWOOD SPRINGS — A Department of

.Energy program to evaluate the nation’s geo-

thermal resources has found enough potential in

. each state studied thus far to more than pay for

’o

“the investment in the study, the program manag-

er said Tuesday. -

Margaret Widmayer, geothermal section
manager for the State Coupled Resource Assess-
ment Program, said reports made by, state
teams here this week indicate the West is richer

in geothermal energy than anticipated, and that

research also has found-unexpécted potentxal in
Kansas and Nebraska. -
“It is a highly successful program in that

each of the states-we have gone into has enough
‘of a resource to warrant the amount of money

we put in,” said Widmayer.-“We have not found

a state yet that didn't-have a good resource.”
Since the assessment program began in 1977,

the DOE has spent between $150,000 and

/$250,000 annually in each participating-state

and, in addition, each state has provided 15

-percent or more of the program’s total budget

she said.
Widmayer warned, however, that this could
be the last year for the program, depending on

the ‘Reagan administration’s budget priorities’ ~

for the DOE. But she noted the program was
designed to provide resource assessment and to
leave the application to industry, which is a
philosophy Reagan has espoused.

She said eliminating the program in Colora-
do and some other Western states, where the

Neem -

research is nearly completed ‘would have less

" - impact than in the East where assessments are

just getting started.
Richard Pear! of the Colorado Geologxca]
Survey, which has contracted with the DOE to
. assess the state’s geothermal resources, said 58
geothermals have been identified and that about
two-thirds have commercial potential. Data ac-
cumulated since 1975 indicate there are enough

geothermals in Colorado to heat about 16,000

homes or about 27 communities, Pearl said.
For "example, he said, geothermal energy
could provide heat for 'most of Glenwood

Springs. The city was selected for this week’s

' gathering of state assessment teams because of

its hot springs, a surface manifestation of a.

geothermal which provides the city with a year-
round tourist attraction. ‘

But most geothermals-in the West are not
that easily detected, and the assessment teams

- must use geochemical, geopliysical and geologi-

cal data in their search, Widmayer said. Assess-

ment teams in states with oil and gas develop-

ment have been .able to use temperature
mformatlon obtained from the energy tompa-
nies’ research and from on-site monitoring of
existing wells, she said.

" A geothermal is naturally heated under-
ground water resulting from volcanic activity or

natural decay of radioactive material. Geother- .
mals are more accessible in the Wést because 7/

the earth’s crust is thinner here and less drilling

is required, Widmayer said.
Under the DOE assessment program, Wid-

mayers office contracts with individual states

et .+ Rocky. Mountain News—'l

L

for the research. Thirty stales have assessment
contracts, and her office is negouatmg with the
remaining states, she said.

Widmayer added that the goals of the DOE
program are to assess the ‘resources and to
attract private investment to develop geother-
mals. The program is farthest along in Colorado,
Wyoming, New Mexico, Montana, Idaho, Utah -
and Nevada and some practlcal appl:catlons
have already resulted, she said. -

As examples of bulldmgs that .will be heated
with geothermals, she cited the state prison in
Utah, a hospital in Truth or Consequences, N.M.,
and municipal buildings in Pagosa Springs.

Widmayer said another goal of the project is
to develop geothermal expertise in each state
that would be available to assist with commer-
cial applications of the technology.

She said most geothermals found in the West
lack sufficient water volume or temperature to
generate power, but that most are suitable for
supplemental uses. A plant in South Dakota has

“tapped a. geothermal to dry grain, and several

fish farms in Idaho are using geothermal water
to grow seafoed, she said.
Results of the assessinent may help compa-

-nies locate sites for gasohol and.waste-conver-
_sion plants near geothermals, which could pro-
vide a less expensive energy source than fossil

fuel, Widmayer said.

.Two products of the research program will
be ‘maps showing the geothermal resources in

> each state and technical reports providing the

data compiled by each state assessment team,
she said.

“
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'G.R.I.P.S. COMMISSION

I

2628 MENDOCINO AVENUE, SANTA ROSA, CALIFORNIA 95401 (707) 527-2025

September 2, 1981}

This letter is to inform you that as of October 30, 1981, the
G.R.I.P.S. Commission office will be closed and staff will be
terminated. Two staff members have already moved on and we
anticipate that others will do so prior to October 30, 1981.
If you try to reach us by telephone during the next two months
and do not receive an answer, please try again.

We will be spending these last two months completing responsi-
bilities under our current contracts with the Department of
Energy and the State Energy Commission. We will also be
negotiating arrangements for the placement of our Geothermal
Environmental Data Base developed for us by the Sonoma State
University Library, our Direct Use Geothermal Map System and
other files and materials. As soon as arrangements have been
made on these placements, we will put out another letter
indicating where you can arrange to make use of those resources.

We have enjoyed the opportunity of working with those many
people and organizations to whom this letter is addressed.
We will look forward to continuing many of those relationships

as we move on.

ROBERT F. VAN HORN
Executive Director

@W/

PAULA E. BLAYDES
Research Analyst

Geothermal Research, Information and Planning Services/A California Joint Powers Agency

Lake County Napa County
Mendocino County Sonoma County



By David E. H. Jones

e Here is an excellent
example of how

notto say something in
an important journal . ®

[

v Scientific knowledge depends crucially on

+ clear, effective communication. Here is
“Fifty Centuries of Right-handedness: The
Historical Record,” a research report

¢ wrilten in a normal scientific manner by

: Stanley Coren and Clare Porac, published

L in Science, 198, 631(1977), and—in italic

type~— a translation into clear, effective

- English by David E. H. Jones. |

:‘.Original.' Itis.common knowledge that
| ‘contemporary man prefers to use his right

hand when performing unimanual tasks;

| however, little evidence exists as to
+ whether this has always been so.

Transfation: Most people nowadays are
right-handed.
{ To embark on such an investigation is

§ theoretically important because it could

possibly elucidate the adequacy of
competing explanations of the etiology

1 of hand preference.

.1 If we knew whether this has always been
| S0, it would help us to understand why.

I Basically, there are two types of theories

that attempt to explain the development of
‘handedness in man. The first maintains

't that there are physiological predispo-

sitions, probably heritable in nature,

'; which lead to the favoring of one hand

, over the other.

! One theory is that handedness is innate
, and probably inherited;

" This position is supported by reports of

. familial similarities in handedness

: patterns.

. this is supported by its tendency to

. runin families.

. The second type of theory suggests that
} social or environmental pressures (or

't both) lead 1o the high incidence of

; dextrality in man. This position is
; supported by human and animal work that

" 1. has attempted to alter limb preferences
L

- through behavioral manipulations.
§ Another theory, supporied by experiments
* in which people and animals have been

i coerced into changing their handedness,

1

4

b
i
!
]
t

. is that it arises from social or environ-

- mental pressures.

{ The social pressure position is surnma-

" rized by Wile, who stated: “There arose not
! so much a decline in the hereditary

! presence of lefi-handedness but rather a

} suppression of it under the demand for

! adaptation to changing principles of
social orgamzauon preservatnon and

I ‘advancement.”

Wile supposes that inherited /elt- :

‘Y handedness was suppressed by
J the forces of social conformity.”

Given these different viewpoints; one

§ Might be led to different predictions about
} the distribution of handedness if it were
+-measured at different points along the

historical continuum. The social pressure

theory would predict an increase in the

' percentage of human dextrality with the

i development of more formalized societies,
with more compiex patterns of tool use.

If handedness is socially determined, one
might expect right-handedness (o have
increased over the centuries with the
standardization of manual techniques.

In contrasl, the physiologica! theory, which
views handedness as being independent
of these influences, should presume a
relatively constant distribution of manual
preference regardiess of historical period
measured.

But if itis innate and inherited, the
proportions of right- and left-handers
should have been constant throughout
history.

Unfortunately, these predictions are diffi-
cult to test since written references to the
distribution of lateral preferences are rare.
Unhappily, written historical references to
handedness are rare.

Perhaps the earliest quantitative account

of handedness appears in the Bible,
Judges 20: 15-16, where 700 left-handed
or ambidextrous men were counted
against 26,000 righf-handed individuals.
Thus, this biblical popuiation was 97
percent dextral. .

The earliest account seems to be in the
Bible (Judges 20: 15-16) where 700
left-handed or ambidextrous men were
found among 26,000 right-handers. Thus,
this biblical population was 97 percent
right-handed.

However, unhappnly such written reports
are too rare {8 be useful in systematic
investigations of the history of
handedness.

Such direct reports are loo rare to provide
much useful evidence.

There are, however, other archival sources
which can be used to assess historical
trends in the distribution of manual
preference. Nearly ali cultures have art
forms that depict human beings engaged
in various activities.

More common are works of art showing
people using theirhands.

To the extent that such artistic efforts are
an attempt to describe reality, one might
expect that such drawings and paintings
would mimic the distribution of hand use
which the artist actually observed. if so,
then manifestations of lateral preference in
works of art could serve as a record of the
handedness within the cutture which
produced them.

If the artists were trying to be realistic, their
works should reveal to us the pattern of
handedness in their society.

Although this has been suggested before,

- no systematic studies of handedness over

the broad range of eras and cultures using
this data base have as yet been attempted.
This idea has been suggesled before but
has not hitherto been used to study handed-
ness over many eras and cultures.OQ

(Dr. Jones is available to undertake further
translations of this type, but does not-
guarantee the compression ratio of 2.2:1
obtained in this excerpt.)
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Phiﬂipé ”Ex‘ec' i;.ti ve Sees
Fast Geothermal Gain

By Peter Gillins.
United Press International

Geothermal energy still isn't as
cheap as Utah coal . for. producing
electricity, but 11 is far less expensive
than - oil, says a scientist for Phllhps
Petroleum Co.

Phxlhps is developmg naturally oc-
curring steam erfergy at Roosevelt Hot
Springs near Milford for.commercial
electricity production. The company is
also exp]ormg other possible geother-
mal sites in Nevada. ’

But the initial cost of developing

, sieam energy has slowed negotiations

with power companies that might build

a generating plant at Milford, said Dr..

. William Berge, a geologist who heads

Phillips’ geothermal branch based in

Salt Lake City. |

**At this point we are trying o sell our

" steam,” he said. “We are negotiating

with Utah Powerand Light Co.'and four_
- or fl\e mumc1pal power companies.’

,‘Eor the first 120 megawatts, it’s not

going to be cheaper than UP&L's coal

costs for power generation,” Said
Berge. “But it is a lot cheaper than "’
West Coast costs for oil and gas to

‘generate electricity.”

California may prove to be the best
market for geothermal power, he said.
Another possible market would be the
Air Force, -which is going to need
considerable .,power for the proposed
MX missile system, if it is deployed
across Utah and Nevada.

Phillips has talked to the Air Force
about the use of steam energy, but
prefers to have a utility company
develop the plant, Berge said.

In a few years, Berge added, the cost
of geothermal power should be cheaper
than coal. The price of coal will
continue to go up as the cost of labor
and transportation increases. But the
cost of steam from the natural wells
should remain nearly constant.

‘\Vnth geothermal power, there are
no underground mines {o operate no
largc labor force to be paid,” he said.

“It's also environmentally better lhan
coal.”™ ! "t . .
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{ 'New Meéxico,

Abandoning

geothermal.

an 'op_,ti(m

B R. BEHNKE b
The New Mexican Staf

An option to abandon plans for 4 50
-megawalt demonstration
geothermal planl in the Jemez
Mountains will be included ih the
final Environmental Tmpact
Statement (ElS), a Department “of

Energy spokesman said Monday.

Bennie DiBona, thé director of the -

Division of Gecthermal Energy in the.
DOE, said the option not to build any
. geotherma] hydrothermal power
plant in the Jemez Mountajns would
be submitted to the Assistant

Secretaries for Energy Technology -

' and the Environment.

“Those officials will decide whether

to.continue with plans to build a 50

megawatt :demonstration.

geathermal electiric producmg plant
inthe Jemez Mountains.

The DOE has ‘already awarded a

_ $50 million contract to Union Qil- Co.

and Public Service Co.-of New

Mexico to build a 50 megawatt plant.

on the Baca location,

However, residents in the area,
including severdl Puéblo lndnan
tribes, recenily expressed concern
over the environmental impact of
producing more than the 50
megawatts of power.

Four-hundred megawatts, Union
0il spokesmen claim, is the polenlna]
of the area.

While residents. admitted that a5
megawatt plant might be within most
environmental

megawatt operation.

Residents made the concérn known .

three.weéks ago during a heanng on
the E1S in Albuquerque.
" DiBona, a speaker at the opening 0[
‘a conference at the Santa Fe Hilton
Inn on geothermal energy; said until
DOE stationed a man on the scene in
there had been no
discussion with local residents abouf

their. concerns on the subject of

geothermal power.
. Once an office -was opened in
. Albuqueryue, “we realized a serious
.concern,” he said. .

Thé {wo most pressing concerns. ’

DiBona said, were Indian ¢oncerns
,over areas of religious mgmheance-

and concerns over both the fresh and .

hot water table;

] DiBona said the problem of Indian
_ concern “is a tough one.

Other potential problems ‘with

¢ subgidence and selsmlmty. the(

See G_EQTHERMALpnPage A8 .

limits, they were
concerned with the impact of a 408
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vibration of the earth, were cited by
DiBona.

DiBona said if the Indlans were
only concerned about specific sites
(ef religious significance)

“something could be.done about it."

However, if the Indian concern is a
general pne for the entire area then
the problem would be much more
difficult.

“We could guarantee protectlon for

specmc sites,’” hesaid.
- He said meetings with the various

i pueblos would be conducted to

determme if development of the

—GEOTHERMAL—

geothermal potential of only specifie
areas or the entire area of the Jemez

' Mounlains was. a cause for concern

among the Indians.

Several residents testified at the .'

draft’ EIS hearing that ‘increasing
production of eleetricity . from
geothermal power from 50 to 400
megawatits would siubstantially

.increase the env:ronmemal impact.

They argued, apparently
success{ully,- that' the "'EIS should
addiess the 400 megawalt polential
because. if ‘the 50 megawalt
demonstrahon p]ant Was .a sSuccess

the 400 megawatt polentlal would
probably be developed.

DiBona said the criticism was
accepted and the total impact of 400
megawatts, and associated
production facilities, would be
-addressed in the final report

During the draft EIS hearing in
Albugquerque, résidents of the area
safd road traffic, housing and other

- factors would be impacted much
more if a decision was made to g0
ahead wilh developing a 400
megawatt power Source than if the
project was limited to the 50
megawatt demonstration plant.



