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Geothe:mal, !n lltera1 torrns, means earth heat. Thls heat ls thought

to bo 6erlved. from the slow decay of radioactlvs elenonts and fron

frlc-tlonal- fo:rces, both occurl.ng ln the earthrs plastlc nantlo. In the

contlnontal plates tho balo of tho harCened. cnst of the earthr eaLled'

the mohol t3nges fron 2J to J0 ld-lometors below the surfaco of the earLh

at temperaturcs ranglng fron 2OOoC to IrOOOoC.l Wlth our present technolory

drl).llng d.epths of ?,5 kllometers have been achieved. and. uray soned'ay reach

two or three tlmes that depth. However, the depths from whlch we may '

economlcally extract the earth'ls heat seems unllkely to exceed. ten

ktlonetors.2

The averago arnount of heat whleh flows to tho surt'ace of the earth

1s 1.5 x Lo-5 calorles/"^,2fuo".3 rh1" amount of heat uould. obviously

ilave to be concentratcd. conslde::ably to be consldered. as an enerry Eource'

There are, howeverr areas ln whlch moLten rock ls, or has beon, much

closer to the surface. It is ln thc a^reas ln whl-ch netura1 heat ls

coneentrated. cl-ose to the surface that economlc exploltatlon may bo

possible. In thls contexL, geothe:na} heat !s slnllar to nlner:aLs or

petroleum 1n that lt becornes econotnlcally e:ploltabl-e when found' in

suf f lclent eonc6nt::atlons .

GEOT}MR},IA], SYSTEI':S

Dlfferent goothermal areas vary according to geological and hydro-

Icgical chara.,:terlstics present at each slte, The type of systen piesent

d.eternlnes the type of erLractlon ancl 1:rod'uctlon technlques, and tc a

lesser Cegree the tSpe of exploration neuhods xhlch are used' ln t'he

developnent of the fleld-'
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The sysien varlatlon ts based. 3-argeLy upon the rrethod ln rhlch heat enerry

is transfered. at e>rploltable depths, 
-

A. DrY Rock Svstens

- Conduction 1s thc domlnant mea^ns of hoat tr:ansfcr through 8o11ds

and. thereforo the earfh's cnst. In a 1ar6e1y dry nock conductlon s3rstent

tenpcrature general-J-y lnoreases contlnously rlth depth to the lnterface of

the l.ioho. DLffererccs 1n heat flowlng through dry rock ln lrarlous areas of

the wor16 arlsc as a functlon of the d.epth of the heat sourcel the themaL

cond.uctlvlty of the cmstal rock, and the the:mal grad.lent. At present therc

are no dry hot rock systoms belng erplolted', although the techno3.ory

is cunrently belng devalotrrd, as w11L be d.lscuesed. later.

B. Flull Systers

Conrrectlon ls the other prtna:ry heat transfer mode present ln the

earLhrs cnrst, Thls occurs when f1ulds are heated and r:lse as a result of

ther:naL expanslon and. lowei'.speclflc gravlty. Cooling flulds or cooler

ground. raters replcnlsh the cycle of clrculatlon whlch Is drlven by heat

furnlshed at the base of the system. In a convectlon systen the teraperatures

tend. to be greator ln the upper portlons than ln the lower parts due to

the nature of the systern. There are iwo basle types of water eonvectlon

s.r'stems whlch dlffer accorClng to ihe physlcal state of the Hater'

l--Ict Hat,er_ SystenF

Hot water systems are characterlaed by water ln the llquld statet

although 1t nray be at pressures greater than hyd.rostatlc, fn a aajor

eonrrgci,ion systern ue.ter serves a.s ''he ned-iun bl' which heat 1s transfered as

1t. moves fron a relatlvely d.eep geothenrral heat source to ine surface or

noar surface. :
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Cool ground. waters seep lnto the perlmeters of the goother:na1 systen

d.ue to thelr hlgher denslty ln rolatlon to watmer heated water. The

pressuro exerbed. by coolcr rators on Less dense heated waters nay resuLt

ln arteslan hot sprtngs, If tho aquS-fere a porous water carrylng layer of -'

rock, uhlch Lles on top of the heat source ls covercd. by an lmpermlble

caprock, the rater nay be at tenlrraturcs whlch excccd bolllng at

atmosphoric preaauro. Thls ).Iquld rater, und.er hlgh pressur€r may partlally

flash to stearl once the pressurc Ls released elther by drt3.11ng or by

naturaL faultlng tn the caprock layer. Due the fact that alL of tho nater

does not flash to stea:n1 and. thus drop}ets arc carried. up nith the steam,

. Lhls ls ofton caIIed a "Het steamr systen.

2.Japor DonlnaEr.d. Fyst_ems

: 
A few percent of the worLd.s geothernaL rcsources are to be found. ln

the fo:m of rrapor d.omlnated. systems. At present the otr1y large knorm

systems of thls type arc found. at the Gysers fle1d ln Callfornla and

the lardcl.lo fleld ln ltaly. Slnce they produce superheated stean rlth no

assoclated. I1qutd, they are often caIled. "d:y stoam" systems. Thls stoan

ls genera3-Ly thought to orlglnate fron bolllng rater In a deep geothe::araI

resevoJ-r wtth a high ternperature heat source and a 1ow water recharge rate.

The rrater resevolr has overLylng rock nhlch ls hlghl-y Porous anC peraible

anrj. a1lows the stean to exlst as the contlrn:ous plessurc conirtrS-ling

phase r-'Lth pressures belor+ hydrostatic. As the steam rlses in the geo-

ther,ral systen tt losses iis heat to surounling rock and. eventually

con,ienses near the stuface ln nlost vapor systens.
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Thls condensed. f-iquld., Lf not Lost to the surfaco, dralns d.ownrard. on the

perlrneter of the system to deeper later satrrrated rock on the porlnetors

of the heat source ard. serves as a rccharge sourcc for the s3rstom.

GEOEXPIORATION

A, Inbrod]rc.tlon

Geophyslcal e:ploratlon for geothe::nal enerry has been

largply adapted. fron stanrdard. geophyslcal- practlces, although alteratlons

anil varlous lnovatlors have been founl necessary to provld.e for the

unJ-queness of geothcrnal resources. PreLlmlnary elploratlon sel-ectlon 18 .,,

baseil upon a nunber of prevlously lerorm geoLogj.c factors. The presence

of rysers, funamles, mud. volcanoesp or the:mal sprlags aro obvlous lndlca-

tore of geothermal actlvity. Areas rrlth voLcanlsm of late TerLlary or

Quaternary a€c nay also lndJ-cato posslble near surface heat sources,

especlally if cal-d.ers, eones, or volcanlc vents arc present, Info:rnatlon

avalLable frorn otirer activitles such as d.eep rnlnnlngr rteLl drllJ-lng for

petroLeum, etcol ril{ al-so provlde lnfornatlon prctaining to the posslble

pressence of 6eotherrnal anonaltes.

B " Chernlc.al_ Eospectlng

triarn or hot sprlngs, Srsers, etc.l &rc very good. lndlcators of

5;eothermal- actlvity and offer a varlety of geoplrysical infornatlon

uiren anal-;vzed. chernlcal-ly. L'atarsr upolt enterl-ng a geothermal area ln a

relativeLy cool- state, change ln their abillty to dlssolve nlnerals,

and alter constituents alreaCy presentr dr.r.e to the heat or enthalpy

added by th+ sysieno
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The S10, content of 6eotherual waters 1s comnonly a very good lndlcator of

the tenrpe::ature of rocks at depth due to a generalS-y conslstant relatlonshlp

between heat source temperature and. concent::at1on,4

The Na/K ratlo ln hot sprtng rraters can bc a good geotheraonetcr

rhen there ls ad.equate lrtrorroation of conpetlng lrtrluonces such as othcr

chenlcals which nay preelpttate these tons,

Geothe:maL flulds are also knorm to exhlbtt I'o4ygen-lsotope shLft",

where the DilH (auterrurn/rrydrogen) 
"na 

016/018 r:atlos are lndlcatlve of low

lylng geothe:rrral heat. Such a shlJt occuts when geothe:rnal raters seek an

lsotoplc egulllbrlum rlth thelr host rocks. Dre to the fact there arlc J.arge

resernolrs of exchangeable oxygen ln slllcate and. carbonate mlnoraLs and a

reletlvely snalL resernolr of exchargeable hydrogen, odfgpn ratlos shlft

ln heated. rater and hydrogen r:atlos dontt, Thus, geothermal fluid.s nay

bo ld.entifled. and. quantifled. in terms of ten1rc::ature of tho heat source

wh1le no:maI ground raters dlspJ.ay no sh1ft.5

Once chemlstry su:rreys of geothermaL raters have been nade, favo::able

results may lnd.lcate firrLher geophyslca3. oxplorati-on'

C. Infared. Ba.dia',,ion l.iethods

Another preltnlnary type of geothe::maI exploratlon lnvolves the use

of ihe fact, that geotherrnal- areas conmonly produce lnfared. heat in a-nounts

grea'ber than background.. Such surveys enploy the use of infared. scannlng

1n the lnte:mediate bar:ds (3-5, B-14 mlcrons) usualLy nounted. on airbortre

equipnent, kdared. e>q>lor^ation of gectherinaL areas ls sone;vl-iat Ilrnited in

it,s abillty to d.e'"ect sna1l lariailons of geoterEal heat floa. This is

due to interference frorn baekgou:d noise o:l aol-arorlgin,.
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Although some lntederenee may be ellmlnated by predawn survelance, lt

geueral).y requlres a geothermaL hoat flow of appro:dmately two ord.ers of

rragnltud.e greater than background. to detect a geother:naL anonaLy. Infared

technlques rnay be a useful tool. ln the prelrnlna4r e:rploratlon of remote

areas. However, based. on the experlence of lnvestigatorsr hfared'

methoils are of llmlted. vaLue ln comp:rlson to other geophyslcal tcchnlquos

1n acessabl" at *,6

D_._ Egrth R_es iF t i vi-ty- Ir..etho.d.s

The earLh reslstlrri.ty methoct appears to be the nost popular and'

usefuL techalque for geothe::rnal erpLoratlon. Reslsttvity may be used. to nap

the d.epth, thlcknessl arul exLent of the geothe:maI anona-ly. Ihe reslstlvlty

of the earth ts largely dependent upon the poroslty, temper:ature, and

saLlnity of lnerstltlal nater, all of wirich terd. to Loaer reslstance tO

eLectrical- cu:rent arrl lncrease corductivlty.

The najor d:ewbacks of thls method. result from factors wh5-ch nay

lower earth :reslstaree and. are not related to geothermal actldty'

These factors nray irrclude col-d saLine waterss and. near surface occulance of

salt delnslts, Because of hlgh conductlvlty, near sur:flace salts often

prrrhlbtt investigation ai depth,

A typlcal resistlvlty lnvestigatlorr ls nade rlth four electrocles

equal-Iy spaced.. A D, C. culrent florts between the two outer electroci.es,

and. i,he potential drop ls neasured. acrcss the tlo lnner electrod.es.7

Electrorle spaclng ls dete'slined by reslstlvlty depth soundlng CurlnA

l,'hich el-ectrodes nay be placed as nuch as tuo kiloner"ers apart. Electrod.e

spaclngs de'r.ernl-ned to be most char-acteristlc of Low reslstivities


