
UNIVERSI'f-Y OF ~TAH GL03335 

RESEARCH INSTBTUTE 
EARTH SCiENCE LAB. THE SEARCH fOR HOT ROCKS 

GEOTHERMAL EXPLORATION, NORTHWEST 
By J. ERIC SCHUSTER 

State of Washington Dept . of Natural Resources, Division of Mines and Geolog·/ 
Reprint No. 11, 1973 (Reprinted from "Pacific Search", May 1973) 

Geothewlal energy exists in all rocks the snrbce. 
deep in the earth's crust. Hot igneous Second, a suitable reservoir roc k :";:; ,jC''; 
rock at moderately shallow depths makes 
it possible to utilize geothermal energy th e cooling igneous rock to h e,I3 2..-;':: 
because these bodies brings high tempel'- tf:Hl sm ir Luge qmntitie s of flu id, T:,::: 
atures within reach of the drill. r(:5e[\'0;r rock must, therefore, be r:-::' ~0'1-; 

Dry volcanic regions in the Pacific and pc:: (me.lble, 
Northwest signal potential for geothermal Third, fluid in the resen'ou ~o:;.: ~o 
energy sources. Attention is focusing now tf.lI15fer he1t from the coo Eng :~-;'t ~,:,,-, 
011 exploring known probable sources for 
development and finding new ones. North. ro:k to a gcotheri1ul well. T edr:.::J. l!:, 
ern California's working plant shows an an)' hot ro:.:k is Clp.1ble of produ . .:::;:.? t:) · 

example. ergy, but unless there is a f1L~i d c:i[tL=.:r 
Heat from the radio.lcti \'ltr of uunium it ro sen'e as a hu t transpod:Jn.;- 3._=:::~, :, 

and thorium in -the earth's crust rises slow· there is no economic:d \\'J, to :;.o ::J.S~:: z 
ly and constantly to the cooler surface . hnt to the surbce. 
Ultimately, thi s he,n is radiated into the Fourth a cap rock aboyc th e ZtCd1:::. 

air, Although the rota I amOllllt of hea t 111:11 reser'voir to pre\'tnt hot fluid~' v;j,h:n 
emitted in this war is very large, the th e reserl'Oir rock from esopin2 ~ ,', '::> :"~~' 
amount escaping from an area of a few to the surhce. Unlike the rese r\'o';z : .:.:::.1: , ;[ 
square feet is usually too small to be mLlst h ,\\'c 10\\ ' permelbilitr to res:::::: L'~e 
m easured except with very sensitive in. flow of fluid s. A source of rech :,, :.§: ,: io:: 
strumenrs . the resef\'oi r is desioble, to rer!.'..:.::- :b.e 

The rempefJ.turc differellce b:-r\\'cen the hot fluid lost through le::tbg= £:1':" [ 

hot interior of th e e3,rth :li1d its rebtiyely springs) or producriol1 from d rille2 c:eL, 
cool surface produces a thernul gfildient- Given these four conditions, the gco­
the greater t·he derth, the hig her thc tcm· thermal reserv(Jir may then be ei,her of 
-perature. At depths of 15 miles or more, two general types-dry steam or r.ot 
tem p~:ratures are so high tInt rocks lose water. 
t,heir st[en:'~th and h ::co,ne pi:lstic, O[ be· Tlle ell'\" steam [}'pe: is h l)t,u .'1.'.., C,,!': 

gin to melt, If l'uprU(c'i or cli sloGltions bo:ling poinr of w.1[er, and rhe ( ,:.:-::'1:-' ::-:3 
in the cilrth 's uppcr cmst are present, pressure is low enough so stC'.1m c.:-: ~ :.: ·>t 
some of this el eep mo ltc'n rock (n1:lgma) within th e [cscn 'oir. Ther",f0!'e, ,c ·" ::::Li 
11lilY be forced ujJw:Jrd [hroll,gh these fUp. e1rillc-d into a e1ry steam rese[\' ,'.:~ ·,'.-:11 
tures to form hrgc intmsi\'C rock bodies, pi'Oduce stC:1I11 ,\,;th Jitrk . or n,' c: :' ~t:, 
or break throu,gh th e earth's surf:tce [ 0 This st(:un on be piped ll1to .1 ~ ':: ::'::1e 
form volcJ noes and lW:l fj()\\, s. This i, to !)roduce e1cctrio l pO\\"C:r wi th "'.:::::: ji: , 

currently taking piKe in H:1waii , Icchnd , tle tre,tt1nent; oilly the remo\',t! 07 ~' .'.:': :­
the Mcditermnc.ln , :lnd through out J. \'01· cles is necessary. A hot \D[e[ gce,: 'J:::r:,.,d 
canic 'helt encircling thc PJcifi c OCC.H1 . resen 'o i[ also IU5 (211lpentures .l ~>-:":e :j~ 
The Pacific Nort}l\\-e.-;t, part of this belt, boiling point of \Dter. but the c,::>:~ :i:1 : :1g 
shows abunda nt evidencc 'of recent adivi · pressu[C' on the reser:;oir is gre:,. -:: :-, c,~:;h 
ty ·in thC' volcanoes, ]:1\ ' ;1 Ac)\\'s , J.nd hot to prc\'ent the ,,','lter from Ylponz: !1; __ T:Cle 
springs of \'\!a shing toll, Idaho, Oregon , W.lle r, rherefo::e exists ill the fe",,::,'·) :, 2..S 

and northern Californi.l. il liquid, \'Vh.:n a '\'cl I is drill ed i:-::o a 
For a geothermal reservoir to exist, h ot ,I'ater geothern1.11 rcscrYoir. :he CO[; -

there are four requirements: finin g pressure is [elllOI'Cc\ in th (: <.::ci:-,:':y 
First a heat source in th e form of a. of thc well bore, and the su~c:~:~e:'ted 

cooling igneous rock :It sh~Ilow depth in \YJ.ter p:1rtially fl~sh e5 to stOll1, T he :1,csh­
the cfl]st~prob:Ibly within fi\T milcs of ing of W:1tcr to ste.1!11 p rod uces ,', h,g e 
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' ,;r lh e C(1[1 -

: iile Yici . :;·:~· 
' I.' ; )erhe:, ~~':; : 

'f'h e n .. , .. h: 

: . . '0 (" :n \'olul11c, causil1g a mixture of 
. : ::: .:: \':.It:: [ and steam to rush up the 
.: ' :: 1;,)1". ,-\t the surface, the \\'l ter must 

<:' .! r.l :ul from the stea m before the 
'::~' C.w c.c fed in to a turbine. Since 

cl~!.'!1t;:)" of steam is typically only 
,~; : ~() r.~ , ,.-.. tt of rhe total vohm1e of 
.'''. i'ro,~:" ~t ;:I'! of electrical power from 

")I- \t '\\" ,1::,:-f g:::c: ~herrnl1 reservoir jn~:olves 
. l "'\ l \ ~ .1 1 (;.;" i.~rge qU:lJ.'1Lities of hot, often 

. . .... . ' l ' "! ~ =- '" Fc,r cX.lnlpl .~) generation of 
1-:: 1,-.\\ ::~ d e\",r : ic~ry from a dry 

< :.: l Ti ,~~ i) - :i: -:::ll l ff5;:'.0-o ir rt".~ l!i res the 

.: .. ::~d\, ;~'~~e:'~~~ ::i::::~-'~:1 ~flP:~~,c °Ll~~~~ltt~ 
c IC1...Tr: .. :-, :-~,}rrl ,t typiC:l l ho[ ,,-artr 

~ ,-I l:htn:l .:: ~ ~:< -:· ....... - ,~- ,i r 
:" lbod - : 

reCjU ~ fC'5 rhe d i~.posal 
CI ~ v, ' ;:~S [f ~,-]te:. 

Califo r.li ~ .... - ~ ~r. .:.. srea~C5t PL}~ ,;t::ial for 
;, :. thernl2.1 ,':.e".:-';:c'fr7:.er::' of ~:.,r:y ·state. 

The o~:''- . ~ .~ ,,~·-J~fi ·:-_:.:.l rc-5er'./oi: being 
.... : . .1 to c:-: "-.:.-,-" :;~eC::- ri !':3..L PO\\'cf in the 
L', :ej S~- . ·. - -·,; .:: 'T'h::- C;~r)er5 . L.:;":"'ltecl 

,,:--' \~J.E ;' ;=--;-: .. :."':' . ''-.'": } ~ [2 i~ C":; .nc:.rt b.. 'J ( S:1n 

), "':.: ,: , . :ne,~.lV"':i.tt rL~...::~ \\~ent 

' ()pe- : !~ ! 0!: (0~: :: :r~c.~)"Y:~ a. ~~ e-qU:L:; 1000 
.!::c Cl~:- ::"'~:"r CJpi~;:.. r:~:}\\"er 

. :~;:: iJr~~~::c-·~ :~. t O~le k:i,y;.vatt 
3.:\-. ;,1:1.i!t :;Ll":!~~'.t ed the 
: ;c,: - .~, . ,~ , : 11y\ :t i 2,(i(in r:,,:-op le. 

.. :-r; Ct :1 . . ' ;' , :~,: .l ;'~ no\\ o~'(:rlL;;lg, 

:ht P ;-':'-"': ;~~ C.Lp.1Cit: ~..; :2 50 n~,:~- .. T\\ ',:H t-S, 

··· 1;~@':;fi·;f~~~'~:Z;~~~}f~1 
~, nl C:-~!:l\\ · jt ts . \X/;;:: hin ~ the n ext hvo 
. c.. The Geysers is expe:cced to hecome 
::1 ;',:orld''t l:lr[~e5t po\\-er- prod uciIH! geo­
,; . . '::111 fi eld . "Lm 1.u eJ]0, Italy, i ~ ' p~-cs-

the 'i\'orld's la rges t, ge nenti ng :1bout 
' 11 eF~ ,1\\, .1tls . 

' c G eysc: rs is a d f\' sre:1 1ll !.(cnthC[111:11 
" Llir so :.l <?:l lll on' be pa ss~d ci ireCTly 

\\·(: Jis to turhi ne,: the on ly trc:ltment 
:ed :s rcri10\·.tI .,f ro t k p .Hcicles , 
. ruches th e rLJr;,ine'; at ai)ollt 100 

. ,Is P C' f square inch pressure and .1bOllt 
,1egrees F. F rom the [LUb in e. the 

.. ·. i enters a b:lI:olll etric condenser \;,hich 
r,': ~:c nses the. stealll co liquid \\':1te r. The 
:-:~:! · .-~c· d d t C[t';1S C in \'o llln1 c creates :l. va­

':U~:-.: :u the exhausc 'en d of th e tmb in c-, 

thereby producing greater turbine effici­
ency. The waste water is then pum p ed 
into a cooling tower where hrge fal1S 
evapo rate most of the water into the at' 
mosphere. \'('hat remains is reinjected 
into th e geochermal reservoir. 

The steam at The Geysers contains 
about one-half of one per cent of gases 
other th an steam, including carbon diox­
ide, amm on ia methane, hyd rogen sulfide, 
and hydrogen. Hydrogen sulfide (rotten 
e£,g gas) although 'present in very minor 
am ollnts, causes problems beclUse of its 
odor; e fforts :1re being made to preve nt 
jts escape from the phnr. 

Over 100 steam well s have been drilled 
at the Geysers; th e larges t ones produce 
abollt 350,000 pounds of ste,1I)1 per hour. 
Since gener'lting one kilowatt of electricity 
requires about 20 pounds of steam, these 
more productive wells each pwdLlce about 
17 .5 m cg.lwatts of electricity. 

Geoth t: (mal energy is often call ed are· 
n ewabl e resource--one that cannot he ex­
haus ted by use, In the case of The Gey­
ser~, this is not tme. H eated water, rising 
f rom ,great depths in th e resen 'oir, car­
ri es considerable dissolved mine ral s, P [I [­

ti cLlbrly sili o . \Vhen the uppe r par t o f 
the rc:;cn 'oir is reached, the water beg ins 
to cool, losing its ability to carry mineral 
matter in solllti on. \Vhen this happens, 
the s ili ca and other m inera ls are ckpositecl 
in di e pores a nd fncrures of th e rese r­
voir rock. Eventmll y the ft-act llIes aI,d 
pores comrlctely close in the upper p:lrt 
of the reservoir, cre.ll ing a CJl) rock or 
s C::l 1. This stron g, impe rmoble se:1J pre­
vents g round water in surrounding rocks 
from reachin g the reservoir. 111e h i£:h · 
confining pr~ssure IS thus redllced, L~O 
stea m can for m in the up rer p:trt of the 
rcsen ·uir. The sea l ma y al so prevent s ig­
ni flcant reclnrge [ [(') Ill taking phce_ As 
product ion · lI ~CUI·S. steam is not rep le n ­
ished by infl ow of grou nd wate l- so the 
resc rvoir :It Th e: C cyst:r must eventu a lly 
become depl eted. How soon is u nknown, 
but The Geyse rs should produce power 
at lust through the end of th is ce ntury . 

The self-sea ling t ype of rcsc[voir is not 
al ways present. If it is not, and recharge 
is po~s ible, th e limiting fa ctor is the h eat 
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CO:ltent of rh e ,:ooli ng il'nCOllS rocK, A 
large, crystall izing body Gof magma DB}' 

r equire sel-eul hund reds of rholl s:wds 
of years to cool. In such a cas:', a -geo­
thermal [esen-oir may be considered a 
renewa ble reSO~lrce within the framework 
of recorded hi story, nor, of course, in a 
geologic rime sca le. 

Orher areas of georhermal resources in 
norrhern California arc Calistog;l Hot 
Springs, sourh of The Geysers, and Lake 
City, \Wendel -Amedee, Lassen an d Glass 
M oun tain, all in northeaste rn Ca lifornia. 
Although some tesr wells hwe been 
drill ed , no pO\I-er sources ha\'e been de­
veloped. In southern California, the Im­
p eri al Vall ey Ius rese rves estimated ar 
about 30,000 megawatts and is probably 
the larges r geothermal area in the world 
with rhe excep,- ion of Yellowstone Na­
tiom l Pa rk. Uti li zation 11:1S been slo-wed 
because of prohlems in handling corro­
sive brines (Imperi:r l Va lley is a hot water 
geothernul re;ervoir) ; much work is 
being done ro overcome rhese probl ems. 

In many parts of southern and eastern 
Oregon, geothermal energy is used for 
space heat ing and irrigation . 

Five hu ndred homes, schools, and busi ­
nesses are so helted at Klamath Fa[Js, 
an d space heating with geothermal energy 
is also pr:rcriced at Lakevic:w, Burns, and 
Vale. 

Oregon Ius more young vol canic rock 
tlnn any other state; the two besr known 
examples are probably Mount Hood :rnd 
Crater Lake. The u.s. Geolog ical Surve)" 
h as class ifi ed Breitenbusb Hot Springs, 
Crump Geyser, Vale Hot Springs, I\Jount 
Hood , Lrkeyie w, Cuey Hor Springs, :rnd 
Klamath Falls as kn own geot hermal fe' 
source aTe:rs becillse young volcanic rocks 
and surface Ill9.nifesta tions (hor springs, 
geysers, and fnm :l1'oles) are present jn 
these areas. Brcitenbush Hot Springs dis­
charges at le:tsr 900 ga lloll s per minute 
of water with a maximum temper:-tfllTe of 
198 degrees F. Severa l h ot sp rin,!;s (KCur 

in the Crump L:rke area, and CrtJJl1P Gey­
ser is aClua[Jy a p-eothenn:rl wcll that W:lS 
d r illed in 1959, ;-tb:l nclonecl, ,Ulel then blew 
out as a geyser for more th an a year be­
fore it was pillpgcd. The Va le are:l Ins 
sevcf:ll hot springs, and a geotherm:li test 
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wdl was dri lled to 1::0Ut 6000 fcel eJrl-,' 
in 1973. l\-{Ollnt H ood is a )"0'1:1,£ \-oi­
cano, but the on h- known yeo,hernnl 
man ifestatioll s asso~iJ.tcd <;,: ith ~;[ _ue fu­
m aroles near the wp of rhe moun~:,! n. At 
L:lh:vie\\" a zone of hel' springs extends 
for about 50 mij,:s. and al1 aOln don ed 
georhermal tcst ,': ell. drilled in 1959· is 
used to h ear a one-h alf acre greenhouse. 
Carey Ho: Springs dischlr,r;es m o;-e t ll:!f1 
300 ga llons per minute of w:r:er- up to 
196 degrees 17. At Khmath F __ dIs, h Ot 
springs were formerl y present, but :r Iew­
ering of th e \\-:lter t:toJ·:; ClUSe:1 ~her.: to 
d ry ·up. 

EXDlor.:ttion fo r georherri11 I resources 
in O;egon h as j n\'o l~ed rhe c1 etJ:l ed geo­
l ogic mapping of !.:no\':n geo:h e~i11:l 1 re ­
source :l!'os. sam pi i!l& of thefT'!_'-! "\I·.uer 
for dlemical .1Il11rsis, anJ de ~en1! fu,ion 
of geotherm:rl gL1 cli ent in shali.:r,': drill 
hol ~s. M osr of 'the Oregon expi o'lr ion . 
coordin ,1tC:d b\' R ichlrd G. Bov:,,: :-! .. l 
o'q:ist with the O regclIl D epJG1'c-llt 
Geology an d M iner .. !! Industries :n Port­
hnd . 

In Id~ ho, an a rea kl'OWll to be r ich in 
geothermal sources, searching is under .. 
way. The young pluton ic rocks .md io­
trusive gr:rnite, :dong <;,:ith 80 tD 90 hoc 
springs ncar the !Joi ling po;nr, ": ''':_' i1 con­
siderable potem i:rl. G eorh ermal h e:tt . 
used for sp:rce he:rting in Boise, :md fum 
ers a long th e Sn.lke Ri\'er use it for irri­
g:rrio ll. The Sn:u.:e Rj\-er hva no\\'s a 
bas:rlti c rocks that are you nger th.ln those 
of the Col umbia PhteJu in \'\'lshington 
and Oregon , and rh e Cnters of the 1Iooo 
:rre a very young geolo,gic fc:rturc-_ 

I n Vlash ington, exploration for geother 
rna). l-esources has not yet led to knowl ' 
usable l-esomces. The U.S . Geo loi!:icu 
Survey h as classified Mounr Sr. Hdei~5 
a kn o,\-n geotherm al re:,ou rce arel- b;'cHLse 
of its recent Yoic.lnic activit-y, be!, \\?:!Sll ­
iUf,ton has no known geotherrn.11 reser­
Yoirs. Even thOll£;h the st:lk h.'<; H)lUlg 
wlcwic rocks : l n~l \n!" likely the ;leces~­
SHY sources of h eat for geothcfilul en ­
e rgy, there 3re no h ot springs, only warm 
:LIld mineral sprio[!>, and these :rrc con ­
sicler:lbJy fev'/er tll.1l1 in Californ i.l or Ore­
gon. Part of tll e rcason m :ry be dnt al­
rhoug h th e Casc:rdes :1[e o f yo lon:c origin 
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earth's surface is not li kely to lead di ­
rectly to the discove ry of a ~coth erma l 
reservoir because such reservoirs ,Ire -prob­
ably present under only a tiny fraction 
of \Xfashington's land area. Therefore, 
the chance that nny r.t ndomly located drill 
hole would hit a geothermal reservoir 1S 
quite small. The pmpose of making geo · 
thermal gradient and heat flow measure" 
ll1<:'nts is to better understand the geologic 
history of the state. Interpretation of geo­
thermal .gradient and heat flow values is 
neede,l to understand the geology of 
\X1ashi ngtol1 and to help define areas 
where the occurrence of valuable geother . 
mal energy .j s most likely. 

Spring and smface ' waters are being 
collected for chemical analysis by the 
\'\fashing ton Department of N atural Re­
sources , Because elevated temperatures 
found lin geothermal reservoirs promote 
chemical reactions between water and 
rock, the concentLltions of chemical com ­
poun ds, si li ca, for eX:1mple, can some­
times indicate tInt water has been at 'hig h 
telllperatur.e even though it may be cool 
when ·it reaches the surface. 

A new and potent.ia lly promising tech­
nique for locating geothermal sources 
1 ies in detecting low [ r·equency noiS-'.: tllJt 
apparently emalute:s from the reservo irs. 
A prog ram of geothermal noi se recording 
was spollsoredhy the \X1 asbington Dc­
p:utment of Natural Rc;;ollrces in 1971 
and conducted by Dr. Robert Crosson of 
the Universi ty of \Vashing ton. This study 
failed to identify any areas of geothermal 
aeti vit)', partly be(.mse the 111turc of geo­
thermal ground noi se 'is not yet fully un­

derstood . 

lvIH-. SCHUSTER J S ·ageologisr with 
the Division of .1\lines and Geology in 
the \'{f:1shing tol1 StJte Dep~rtmenr of Nat­
ural Resources . I\S -part of his duties, he 
is working on a program of gcothernu l 
grad ient and he:\[ flo w measuring to locate 
target areas In \ 'Vashington. 
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