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ABSTRACT 

A program is c urrently being conducted by the 
Div i sion of Eac th Sciences , UNLV, and the Geothermal 
Utili~at ion Divis i on, China Lake Naval Weapons Cen­
t er (and f unded jointl y by the U. S. Navy and U. S. 
Deportment of Enersy), at the ].1arine Corps Air-G r ound 
Combat Center , Twen tynine Pa l ms , Califo r nia, as 3n 
example of Gccelerated devel opment of geothermal 
r esou r ces at Department of De f ense installa t ions. 
The focus o f this progracn is t o assess the potential 
for develo pment of l o w- temp e r a ture geothermal re­
sources fo r s pace heating applic ations. Decisions 
a r c based on da ta derived from geologi c and geophy­
s i cal surveys , tempera ture gradient holes , environ­
I1!Crttal issues. and engineering and economic studies. 

There a rc seve ral important differences between 
th is and previolJs studies. The most i mpo r tant is 
that t l"e geo thermal re serv oir da t a are known and not 
assumed . I n nddit ion , selec t ed ba s e heat l oads are 
considered liS sepa r a t e itetns and specifi c environ­
mental is sues are 1d e nt if ted i n a r ell S of great es t 
anticipat ed activity. Recomme ndat ions are also 
made for r eservoir confirmation , retrofit.t.ing exist­
ing struct u r es, and co-loca ting new s tructures with­
i n the a r eal ex t ent of the geothermal r esource . 

INTRODU CT [ON 

Si nce 1978, membe r s of the Divi sion o f Ea rt h 
Sciencu (DES) at the University of Nevada, La. 
Vegas, have perfomed .sseument s tudies of geo­
therma l r esource. throughout the weat. The 
approac h has been baaed on an efficient appl ication 
of capita l re sources to ob t ain a multi-perspec tive 
da t a bas e that inte gra t e. natural re . ource charac­
teri st i ca , economic qua lifica tions , technicaL pos­
s ib i litie s , and enviromnental l iabilit ie • • 

This pape r de . cribe. an integrat ed prog ram for 
development of 10w- to mode r ate-temperatur e geo­
the rmal re.ourcea that wa . j o intly conc e ived by the 
U.S. Navy, the u. s . Departme nt of Energy. and ehe 
Univetlity o f Nevada, Laa Vegas. The prog ram con­
sists of the four ma jo r aspect . o f developDent : 1) 
exploration; 2) resource defin i tion; 3) environ­
mental considera tions; and 4) optimal resource 
utilizati.on (fig. 1). 
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Although military instal l ations throughout the 
Uni ted Stat es require va s t amou nt . of e nergy , tra­
ditio[)41 marketing st rategies o f alternate e nergy 
reaource. a r e not e nt i rely applicabl e to mos t 
mi uion- orien ted bases . The r e are two i mport ant 
r eason. for th is . Fi u t, t he primary function of 
the active mili tary bue is to . upply or . upport 
the Kltionsl Defense. Any ext racurricul a r ac tivity 
that ei ther damages, comprom i sea , or . dverae ly 
affect. thi , fundamental miuion i s ",holly unac­
ce ptable. Second, mo.t energy coose rwt ion plan. 
rely largeLy on economic s; market competition and 
variations in energy pri ces and availability are 
t he fu ndame ntal requirements i n the bus ine.s ",orld. 
The military first r ecognizes the mi •• ion, the n ,the 
coat. It i s mainly for these two rea.ona that , al­
though III.I.ny bases are capab Ie of geothe'C'lllal 
r esource deve l opment , no ac t ivl! ba .e in the Un ited 
States us e s a seo t herma l resource to offse t a8 much 
as a singl e BT U. [ndeed, con. iderable effort has 
been direct ed toward geothermd resou r ce deve lop-
11ICn t on active bas es for fIIo re than a decade. Al ­
t hough s ome reaoorc es hav e been found, there haa 
been no subsequent development. It i s c l ear that 
if geot hermal resou r ce. are to become an important 
factor o f t he mil i tary' . energy formula, future 
effo rt must focus on active a nd a cce lerated inte­
grat i on of expl o r a t ion, deveLoplle nt, and ut i liz. ­
tion. 

Wo r ki ng c Lose ly with bo th tDilitary and c ivil­
ian personne l is manda to ry and Ulay reault i n id en­
tification of potentia l application . not no nually 
cons id ered fo r com~reial developaent . Providing 
key rui litary personnel with tiroe ly, de t a iled plana 
fo~ activities i n both tes tricted a nd non- re s trict­
ed areu is • requirement fo t a .afe, efficie nt 
assessme nt program . This requires that the firat 
three element l outl ined above be tailored to the 
base cha rac t eristics . 

Expe rienee h .. shown that id e ntif ica tion of 
geothermal resources a t military installations does 
not necessar ily result in r esource utilizat ion. A 
mode r a t e temperatur e (9S - C) geothe~al res ource wa. 
identified a t the Hawthorne Army Ammunit ion Plant 
i n wutern Ne vada i n 1981 (Trexler anel others, 
198 1). Deve l opme nt of tbat re . ou rce has been s low 
due t o the uncoordinated activity by civil ian con­
t ractors and government agencies who are not famil­
ia r "'i th opt imal develop;aent of geo thermal re­
s ources . 
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PRELHII NARY 
FE,\StBlLITY STuny 

Strategy tor Geothermal Development 

at Departm ent of Defense In st a lla t ions 

The integrated progralU appr oach that is cur­
r ent l y underway at the Marine Corps Air-Ground Com­
bat. Center (MCAGCC), Twent.yni ne Palms. Ca l iEorni ... 
demonstrate. t he benefits of resout"ce deve lopment 
by the directed e ffo rts of agencies familiar \lith 
military operations and geothermal e nergy. 

PRELIMI NARY SURVEY 

Interest. i~ deve l o pme nt of geot.hermal re­
sources beneat h the MCAGCC va s stilTA.llated by the 
r epo rt of a well, 122 III deep, with a watet" tempera­
ture o f n·c, located 3.b km s outheast of the Cen­
ter ' s boundary. 

Warm ground water in the Twentynine Palms area 
has been known for at least 30 yea rs. Wells drill­
ed for domestic wat e r north of t.he city of Twenty­
nine Pa lms have r e por ted '=.erG peratures of 40-7J·C. 
Higgins ( 1980) r epor ted 3 wet 19 ranging in tempera­
ture from 48 · C to 63·C . . The approxilUate boundar)' 
of the geothermal area in the vicinity of Twenty­
nine Palms waa described in Leivas and others 
(1981) 89 extending approxim·ately 15 km in an eaat­
west direction and 6 km north-south. 

The Center encompasses approximately 2,600 
squa r e k.i l ometers of the 90u~hern Mojave Des ert. 
The adminLstrative and housing area is l ocated S km 
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north of the dty of Twentynine Palms, California 
(fig. 2) . Large buildings such as off i ces, bar­
r ack.s and classrooms a r e heated by a central boi l­
er plant employi ng a low pressure steam and distri­
bution s ystem. Individua l and mu l tiple family 
housing employ illdividua l gas - fired forced air 
heati ng systems. 

An exped itionary air field (EAF) is located at 
Camp Wil son . approx imate l y 10 km nort hwest of the 
Center's admini s t rat i. ... e a rea. The on l y permanent 
structuri>S at Camp Wilson are 14 shotwer and lava­
tory buildings . Wat er i s heated by fuel oil. 

The 8nnual expenditures Eor hea t ing oil and 
natura t gas fo r the e ntire Cente r were $2.050 ,000 
for fi sca l 1983 (Facili ti e s Engineer personnel pel"' . 
comm., 1983 ) . 

EXPLORAT ION 

Ceo physical expl.o rlltion was performed by the 
Geothernal lltilizati.on Divi s ion, Na .... al Weapo ns Cen­
ter. China Lak.e. Grav ity and IUBgneti e Surveyl in­
dicated a geologic I truCtu re . the Bullion Mou ntain 
fault, trendi ng northwest-southeas t beneath t he 
HCACCC admi ni strative area and trending s rutheast­
erly tow3rds the geothermal twell mentioned abo .... e. 
Other geophysic;tl anomalies tended to co nfirm. the 
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Figure 2. Index map o f MCAGCC. 

T wentynine Palms, California 

existence of nocth~est trending structures subpar­
alle l to the Bull i on Mountain fault. These are 
from east to west: 1) Mesquite Lake faultj 2) SuT­
pdae Spring fault; and 3) Emerson Copper Mountain 
fau l t 8yBte~ (fig . 3). 

RESOURCE DEFINITION 

Seven sites for temperature gradit nt drilling 
vere selected based on geophysical lurveys and 
proximity to the Center's administrative area . The 
drilling program lolas supported by the S~vy and the 
U. S. Department of Energy, as B cooperative program 
ag r eement, and s upervised by t he Divi .. ion of Earth 
Sciences, University of Nevada, Las Vegas (Trexler 
and other8~ 1984), A pre-drilling conference was 
held at MCAGCC to appraise base pers onnel of our 
intent to p r oceed with temperature grad i en t drill­
i ng .and to ascertain what r estrictions would be 
placed on d rilling operations. 

The drilling plan s peci fi ed drilling to a 
depth of )04 I'll or bedrock, which ever came firat. 
Si nce no wells had been dd ll ed at the Center to a 
depth of 304 m or greater, blowout prevention 
equiplllent was required on the first hole. Ho l e No. 
1 (fig. 3) was locat ed adjacent to a housh" area 
and as neA[' to the suspected t r ace of t he 8ulli.on 
Mountain fault as possi.b l e . Quartz monzo nite bed­
rock was encount e r ed at 201 I'll ; ' dC'i I Hng cont.inued 
to 268 I'll. Haxiraum mud ro!turn temperature recorded 
during drilling was 27°C. 

Hole No . 2 was l ocated 1.37 kID southwest of 
hol e No . 1 , perpendicular to the strike of the 
Bullion Mountain fault. This location il near the 
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Me squite Lake fau lt wh ich was considered to be 03 

favorab l e contro lling s tructure for geothermal 
fl uid migrati.on. 

Ho l e No.2 was completed to a depth of 304 m 
withou t encountering bedrock. Kaximuf1l mud return 
tempe rature of only 27·C suggested that if a &eo­
t he nnal re sou rce was preaent i t was very deep. 

The third drill site Wa9 located approxi~ately 
half-way between temperature gradi. e n t hole No. l 
and temperature gradient hole No.2 (fig. 3) along 
the trend of the &ravity a nomaly a nd 2.1 km to the 
nOrth of temperature gradient hole No . 2. This 
location would confirm i f the Bu ll ion Mountain 
fault (gravity anomaly) was the control ling s truc­
ture for the geothermal f l uids. 

This h<l le was compl eted t o 335 m and l1IaxiTruDI 
mud return t emperatures were 30°C. Theae data con­
fimed that t he Bu llion Mou n tain fault, in the vic­
inity of the Cen t e r' s administrative area, was not 
the co ntrollin& s tructur e for the migration of geo­
therms l fluids. 

Aft e r analyzing the result, of dri lUng , i t 
was decided by OES a nd Navy personnel to dri ll dif­
ferent structura l b l ocks on the Center to determine 
which fau l t& controlled the migrat ion of geotherma l 
fluid • . 

Temperature gradient hole No. 4 wa s located 
immediately east of the Bullion Mountains (east of 
the Bulli.on Mountain fau lt , fi&. 3) , t o .!Iscertain 
i.f the geotherma l fluids reported sout h of the Ce n­
ter wer e controlled by flults on the east si.de of 
the Bullion Mountains . Bedrock was encountered at 
271 III and dril ling was tecminate.d at 280 III. Maxi­
mum mud ret~rn temperature was 29°C at 280 III whi.ch 
i ndica ted that th e &eotherma l fluids are not in 
t hi. s s tructural block. 

At thi.g point. OES and Nav y per s onnel ag r eed 
t o drop two remaining primary sites near the admi n­
istrative area and focus On other secondar y sites 
west of t he Bullion MOuntain fault. This wa s done 
in a n effo rt to' locate the cont r olling structures 
for the &eothermat fluids. These two addt'tional 
sites were chosen o n opposite sides of the Surp r ise 
Spring fau l t . A major 10gistlcal problem surfaced 
because these si t es are loca ted o n trainin& ranges 
""ith re.tricted access . Temperature grad i ent hol e 
No.5 was drilled while pemisslon to enter the 
trai.ning area was ob tain~d. 

Site 5. i s loca t ed 3 mi les We st- nor thwest of 
the Center's administrative area. It is situated 
between the Mesquite L~ke fault on the east an Sur­
pri se Spring faul t on the west . Ma ximu m mud retu rn 
temperatures were 34°C, indicating t he presence of 
geothemal fluids . The ho le wa s to be dri lled to 
3')5 m, however, a bit chang e was r eq ui r ed 4t 281 m 
and , upon trippi.ng back i nto the ho le, cir:cu l ation 
cou l d not be recovered • . Subsequent attempt s to 
r ecover ci r cu l ation fai l ed and t emperature gr8dien t 
hole No.5 was comp l eted to 287 m. 
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Figure 3. Compos ite map showing Important geologic. geothermal, and environmental features ·at MCAGCC 

Once perqission to en t e r the training area was 
received, hol e No. 6 was d rilled to a depth of 335 
m. Maximum mud r e turn temperatures were 39.4°C , 
howeve r , af ter t ermina ti on of drilling and pr io r to 
t rip-out, the mud return temperature increa aed 
1.4 °C in 20 mi nu tes dur Lng ci r cu l ation . 

Hole No. 7 i s l oc.ted .... cs t of the Sur prise 
Spring fa ul t (fi.g. 3). The hole was completed to 
323 m and the IlIl.IxiJlJlJm mud return tempe r- .ture \Jas 
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only 23°C. The l ow mud retu rn temperatures tenta­
tive ly ind i. ca ted that geot heC'fUa l f lu ids were 
migrating up the Surprise Sp eins fau lt and f l owing 
east . 

All dri ll ho l es \Jere cued IoIi t h 6.3 5 cm T. 6 
c. iron pipe ca pped on the bo ttol'll and fi ll ed with 
\Jater. Th e holes .... ere back-fil l ed wi th cutti ngs 
and a ceme'nt sea l wa s placed froo gro.J nd surfac e to 
3 . 3 m. 
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TEMPERATURE CRADIENTS 0 

Temperature gradient measurements were made on 
february 13th and 14th , and Februa r y 27th and 28th, 
19S4, two and fou r weeks after the termination of 
the drilling program, Temperature measurements 
wer~ made at 6 m interval,. 50 

A maximum temperature of 32.6°C was measured 
at 268 m in hole No. 1. The temperature gradient 
ca l cu l a t ed over t he interval f r om 6 1 m to 244 m 
was }.3 °C/100 m. Hole No.2 had a BHt of 29.7°C 
and a gradient of 2 .7° C/ I OO m. A simi lar t empera- 100 
ture gradient of 2.7°C/ I OO rn was measu r ed in hole 
No. J. The temperature g radient in hole No .4 W3S 

2.6°C/IOO m which is quite .imiler to holes 2 and 
3. 

The temperature gradients in holes 1 t hr ough 4 
probably re fl ect the r egionlll background tempera­
ture gradient for this portion of the Mojave block , 
wh ich i s 2 . 5 to 3.0·C/lOO m. 

A maximum temperature of 51 . 6°C was measured 
at 287 to in hole No.5 (fig. 4). the temperature 
gradient calcu lated in the interval between 110 m 
and 287 m was B· e/IOO m. As s hown i n figure 4, the 
gradient remains poSltl.Ve at the bottom of the 
hole. Hole No.6 had the highest· measured tempera­
ture of a l l holea dri l led during this phase or geo­
thermal development at MCACCC . A maximum tempera­
ture of 67. l oC was measured at 335 m. The te~pera­
ture gradient below 215 en (fig. 4) is 3 .3·C/100 en 
aQd pr obab l y reflect! the convect i. ve g r adient in 
the geothenual reservoir. 

Hole No.7, located weat of the Surprise 
Spring fault, has a CDaximuhl temperatua of 33.9°C 
at )23 m a nd a gradient of 3.8°C/IOO m. 

ENVIRONMENTAL FACTORS 

The ultimate developmen t of aeothermal re­
soorces at the !iCAGCC 1oI"ili require an acceptable 
method of fluid di s posal and will have an impact 
upon t.he desert ecosystem . Al though the absolute 
!Da~ni.tude of the ~nvironmenta l impact is not pre­
sently known, selected fluid disposa l options can 
be di~cussed in terms of the impact they will have 
on the major environmental issues on the base . A 
tuhnica l report comp l eted in April. 1984. des­
cribed t he flui.d disposal opt ions 8v8 i lable at t he 
Center (Flynn and others, 1984) . 

Four fluid disposa l options, identified as 
t~chn ical ly feasible at MCACCC , included surface 
disposal on existing playss, fluid i njection, irri­
gation, and sewage di sposa l . Figure 5 shows a sug­
gested utilization rationa l e that inc lud es all four 
and that may be easily accommodated by the exis ting 
base structure. 

Nine major environmental issues were also 
ident ified a nd the ramification s of each. wi th 
respect to geotherll1al f luid utilizati.on , were dis­
cussed . The nine i ssue s and pertinent comment s are 
p~ese nted in Table 1. 
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No envi r onmental issues were ide ntified that 
would preclude developnlent of geotherraal resources 
at HCAGCC. The total impact i s estimated to be 
equivalent to the impac t of the existing potab Ie 
wate r we ll field and associated pipelines. 

In addition to the obvious fuel savings, sev­
eral ancillary benefits will accrue from the devel­
opment: 

1} reduce stress on potab Ie water aqui fer 
4nd tree growth wi t h 2) 

3) 

e nhan ce vegetat ion 
i rriga t ion 

increase bacteri a l digestio" 
(se",ag e) 

4} mitigation · of dust f r om Oeadml)n 

efficiency 

Lake Pll)ya 
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Table 1. 

Environmental Issue Site Charaoter lstic8 

1. Land use Well field ond fluid dist. ci-
but ion sys tem will be in 
training ar lUl - present po t -
a ble water dis tribution sys-
tem 1s 10c3ted along r oads i n 
tca i n tng area . Pro posed 5ur -
fa ce disposa l on playa ( De:ld~ 
mon Lake) represcnts ~ re;] of 
mi no r concern. 

2. Fish , wildlife , The r e .lre no species of fish 
vegetat i on, <n- wit h in th<l' s tudy area. Al-
dangered species though some sensltivc s pecies 
of plants ;lnd have been identified sur-
anima.ls round i ns the base , the pros-

pec t s of geo thermlll utiliz3-
t ion Qnd surfDce disposal (on 
playas) represents no more 
ha'Zard than present activi-
ties associated ~ith t r aining. 
The habita t s of two sensitive 
species, indigenous t o t he 
a r ea , have been identified 
and w111 not be seriously 
affected by proposed dcvelop-
ment. 

J. Water quality There. a r e no permanent 6ur-
face water s within the s tud;, 
area tha t can be used as a 
sauTce of potabl e t .. a t er . 
Ceothermal wa t ers are likely 
to contain s l ight l y high con-
cent r at ions o[ fluoride and 
boron. 

4 . Air qualit y Although geo t hermal fluids i 
for dir ect-use r arely contain 
appree1.<lble amounts ~f non- ! 
condensable gases , t1 chem i ca l : 
anal)'sis is warranted. I 

ENG [ NEERING fEAS[SlLITY 

Estimated teltlper-atures of t he geothermal 
f luids at a dept h of 610 In near ho le No. 5 range 
frolll 80°_85°C based on the obser-ved tempera t ure 
gradient. The primary us es for fl uids at these 
temperatures a r e ' pace heating and domestic hot 
wat er . These uses em ploy existing technology and 
c Olllmercially svai lable equipment. 

Cost effectlvene8B is a pr-imary co ncern at the 
Center- . The costs fo r- a new geothermal heati.ng . 
sys tem includ e a pr-oduction wet t , piping sys tem, 
di s p08ll1 system, and end-user heat ing retrofits. 
Each of these costs increase as t he service area 
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Environmenta l Is sue Site Characte r istic s 

5. Hot springs Ther e arc no thermal springs 
pr escntly flowing within the. 
s tud y arca . 

6. Physica l seology The geother mal reservoir rock 

.) s ubsidence 
at NCAGCC, Twentynine fa.lms, 
is nearly identical to the 
uncon solida t ed (arnot ions 
thOlt produce non- t hennal 
drinking waters. Although 35 
feet of dr awdown has occurred, 
there have been no r e port s of 
subsidence within the \Jell 
f iold. 

b) induced This is generally associated 
seismicity wit h deep, high-p r essur e i n-

jection and is not likoly to 
be • problem. 

7. Noise The area i s pr esently used 
as an air-gr ound combat 
trOl in ing center. Al so , no 
residential . recreat 10nal or 
br eeding areas arc adJoccnt 
to proposed product i on a r ea . 

S. Socioeconomics 11111 likely reduce the cost 
of heating at l-luinside. Sec-
ondOlry application ma~' a lso 
reduce amount o f fluids 
pump cd from non-thermal 
aquifers . An economic: feasi-
b!l1t~· study is pr esently 
being conducted. 

9. i\rchac.ological/ Archaeological surveys have 
cultural been successfull y us ed to 
resources Ioca::e and i so lat ~ sensitive 

cu l tural areas (1. c . • 5ur-
prise Sprtng) within the 
study areas . Proposed dcvel-
opml!nt wi ll nut. dfcct s ites. 

ex.pal'!ds. Cri ti cal to the geot hecmal sys tem i s the 
l ocatlon of the production we ll in close proximity 
to the heat l oad . 

Relative to the known geothennal re se r-vo ir, 
Ocoti 110 Heigt}t&, ~hich is composed of 250 fa mily 
hou sing units , is the closest existing large heat 
load . A prel i mi na ry coat estittlate fo r- conve r-ting 
Ocoti l l o Hei.gh ts (O.H. on fig. 3) to ge ot henua l 
huting from <I source at hol e No. 5 is presented 
in T.ble 2. 

Th e estimated offse t natu r a l gas eo nsump t ion 
i a 150, 000 thenns per year or S90, OOO/year i n nat­
ura l ga B costs . Thi s give s a si mpl e payback period 
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Direc t Ut ilization of Geothermal Energy 

MCAGCC Twentynine Palms, CA. 

Table 2. 

2,000 ft. production we l l 6 pump 
20,000 fto 8" insulated pipe S25/ft.* 
2,000 fi. 6" ~ n $u l ated pipe $30/ft. 
250 re trof it s @ SI , 20D/ unit 
10,000 ft . d i s posa l line @ $4/ft.** 

Estimated Total 

*lna t a l led on surface 
**8ur ied 

S 150,000 
500,000 
60,000 

300,000 
40,000 

S1 ,050 , OOO 

of 12 years . If the geocheMlat well can be located 
adjacent to Ocotillo Height8, the convu'si on cost 
i s SSOO,OOO less and the co rresponding simple pay­
back ti me i s 6 years. 

[f the new cons truct i. on is locat ed in the 
vicinity of hole No.5, t hen these ne w buildings 
'Would be ideal candi.dat es for geothe rmal s pace 
heating. Supply line costs wi ll be minimized a nd 
"retrofit" coses would be limit ed to the cost dif­
fer ential between he.:lt exchangers and conve nti. onal 
furnaces. 
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CONCLUSIONS AND RECOMMENDATIONS 

This r eport demon 8 trate~ the utility of inte­
grating data from t hOle ",e l l defined parameters 
that most influence t he succus of geothermal r e­
s ou rce ut it ita t ion. Th e t emperature. depth and 
a pproxima t e area l ex t ent of a l o_temperature geo­
thermal resource (70· C) was detenu ined o n the basis 
of data der i ved from geo logi cal, geophys i ca l. and 
temperature gradient hole dci.lling surveys carried 
out by the Geothema 1 Divi s'Lon at China Lake Wea­
pons Centet" and the Division of Earth Science., 
UNLY. Data f~om those s tudies were used to develop 
use-scenarios that included heat and water utilita­
tion in a framework that ",a s consist e nt with exis t­
ing military operat ion. a nd environ~e nt al ly benefi­
cia t. 

Data are p resent l y be ing collected that IIi 11 
help detennine the engineering and eco nomic feasi­
bility of offse tting all or part of t he Cente r's 
energy demand II it h geothe rmal heat. A re port by 
Bakewell and Renne r (1982) included an economi c 
analysis of using geothermal fluids for HCAGCC 
which was b .. sed on usumptions IIltich have been 
found to be totoUy mi s leading. The impoccant data 
are li s ted in Table 3: 

Resource 
Charac t er 
Location 

Temperature 
Dep t h 

Table 3 . 

Rakellell t. 
Renner 1982 

unknoW'n 
6'·C 
90 m 

Trexle r and Othera 
1984 

betlleen #5/6 on map 
70·C - 85 · C 

350-600 IJI 

The concl usion that the attractive ness of geo­
thermal utilization is se nsitive to co-locating the 
resource and e nd use i s co rrect. The r e port di f­
fe r s , howeve r , in a ssuming t he location of the 
r esource , in ig noring optional uscs f or t he f luid s, 
and fo r not c onaidering separati ng iao l ated heat 
load s from the e nt ire ba se heat load . 

The principal recommendation of thi s repor t is 
to define the eastern-~ost limit of accessibl e and 
usable geo the nnal fluid s by drilling temperature 
gradi ent ho l es . A series o f 2-3, 600 m hol es in 
the area of Ocotillo He i ghts and West wilt provide 
the required data. Following this , a pump test on 
a properly sited lie 1 I wit l comple te t he resource 
def inition phase of the program. 

Detailed engineering and economic f easibility 
s tudies us ing t he mos t accurate r esou r ce data would 
then be warranted . Preliminary est imates show that 
economic benefits may be realized within 6 year s if 
t he Ocotillo He ights resi'de ntial area i s ret ro­
fitted for s pace and "'ster heati ng. Mor e s ignifi­
cantly , new c onstruction l ocated at the s ite of the 
ge othe rmal r ese rvoir wou ld achi eve a payback in D­

ahorter tirue pe riod if geothe rmal heating sys tems 
we re inc lud ed during con s tructi on. 
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