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SHA1m.~' 1-2 M.ET.EH 'lHERI.1AL SlJ1WEYS 

Shal1uw 1-2 meter thermal SUl'V<'YS have been dune J_n several 

grothennal aruJ.s to delinate wnes of anomalous tcmperrr-ture prior 

to the exploratOl'Y drilling or other Cmphysical SUTVCyS. Excellc-.mt 

rc.'::>ul t:s haw) been obtained wh81'e the anonnlous heat was very ncar the 

surface and (Xlrrections for so'; 1 variability, albedo, dit:rnal c-)i'fects 

etc. cnuld be calculated or negated where the corrections or effects 

have much snnl1er nugnitude than the therma] anornalJy. 

Dw:) to the inexpensive c..'Cjuipmcnt and speed with which a shallow 

therlllal stu'Vey troy be perfonned, it is a best, first survey of' a geo-

thel'lml prospoc t where very shallow thcl1ml \Va tel'S ar8 fluspectp.d. 

'Lhe 8uTvey would rrap near sUl'face bodies of hot water. When used in 

conjunction with other gp.ophysical and goochenica] data, a !Tn]) ot' 

nc~ar sUTface hot waLeI' could then be interpreted for zones of fnl.cturcd 

rock and faults, or for shaLlow acquif8rs that arc cbanneLing hot water. 

'111(-: cqu:ipm(>nt used in shallow thenna.l survoys is re]ativc~ly un-

sophist:icated, cusily and :inexPl-msivuly built. Equipment used ill an 

actual .c;urvey C'.onsist.::; of calibl"(.tted tlJ('11ni.,sters and a cUg-ital ohrn--mntor. 
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may be purchased locally through stores such as Hadio " ~~ 
Shack. 'Ihe digital ohm-meter in the Ariama BlU'eali of 

__ -<',;;b~~ 
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Geology IS well temperature logging equipncnt may be used to 

calibrate thermistors CLnd per Jorm resistance readings uUTing the 

sLU'vey, A tenporO"ture bath is used to calibrate each therrnistcr. 

The resistance of each thermister is ta,ken for two dHferent ton---

peraturcs. Tho following fonnu1 a is lLsed to determine the thcnnister 

constant of each thorrnister. 
B l~ ~oJ Equation 1: 110(1') .. 

Ro(lb) JL 

\'I1w1'e R.o(T) =; resistance at absolute tEmperature T 

Ro('1'o) resishwce at absolute temperature '1'0 

~ = 2.718 

13 = a consttU1t depending all construction and rrnterials 
of eElch thelmister 

11 temperature eUl've is then constructed for each thermistel' by 

plugging the tllcrrnister constant back into EX.luatioll 1 and keepi.ng T, 

Ho( '1') cons tan t aJlel ustng dif fel'ent values for 'Ib to solve for 00('1'0). 

The sballow tempera tUTe survey has several pl'oblell.s which cDlllplica tc 

intcrpretatton. The considerations arc: 

(1) DiurJlal .':3oLu' heating variations 

(2) Annue" 1 solm' heating varia tiol1s 

(3) i\pel'j_oclic solar heatillg varia Hons 

(!.J) 8Ul'face roughness (important because heal. nny be lml'P 

l'r:nd1.1:-l conducted aw,w from ~;()j_.l bV tUl'b\l tell t ill t, [-low 
ovel' y'ough gTOUl1d) 

( (i) V:lJ.'i_:\UOll of c;oJ.l ileat conducLlvi ly 

(7) 

( .') \ ,., f':1"\I,'ILiOll \':lrlaLiclns 

(D) Vill'i.'1-1 ton I)! L')'OUltC[\'.'aL,(--')' level :lIld U:I'lliIIV.lW:ll:('1 lW"J\-'U)1('lll 
",,) ... ",k, .. " .. , ,lUll J '_.'_1'''_' ,_',I, 



(10) Vegetation 

(11) Depth to boo rock 

'l11e solar heating variations 1, 2 and 3 may be rrDsUy negated 

if the readings on the thenmsters are taken over a few hom's. A base 

station is established at the bcginnjng of the Slil"vcy and mly be used 

to correct [or solar heating wU'iations during the survey. 111(; then:1Lsturs 

should be implaced for 24 hours to allow for tEmperature equilibrium. 

Alhedo, surface roughness, variati.on of soil heaL conductivity, vegetation 

variations, slope and exposure of terrain may be miniJlJal if care is b.l.ken 

in choosing sites with similar soil and IlDsi ture conton t! similar type 

vegetation, relatively flat or uniform slope, and simil8.r exposure. 

The survey should be clono in dry weather with low-speed winds, Corrections 

for elevation 1l1.'lybe necess,u·y. TIle adiabatic clmnge in temperature 

with elevation 18 u .. sed to make that correction. The val'iations caused 

by ground-water lrove-ment, level, and roehm'ge tr1:'lY present interpretation 

prolJle:l1s. The depth to bed rock, when bed rock is covered uy a thin 

cover of al1uviwll such as is found in the Southwestern bajada, 111c'1:J! vre-

seni; simiJar interpretation problerm. However, the shallow te11pcrature 

8Ul'\'(-jY is not intended to g.Lve unique solutions and is to be used wi th 

other geophysical data. Thorefore, these problen..c; fnay be rocogniz(;~d. 

AJso, shallow heat sources 01' high temperature will probably give very 

h.i p;h mw;ni tude changes with stec~p-bouJ1(U.ng gradients. Fo)' lw:.,; t rc;,-;ul t,'3 J 

2 or 3 surveys ov(-;,r several nnn tlls would correct for vef';eta l.ion, exposure, 

:o;urface roughness aml diw'nal efJects tllat are the H-\SlLll.: of' so.i.} heat. 

cUliduc:tivity. Several base ;3tu..tion tll(~ntlistcrs woui d 1.)(; (~;_;t:lilj i~~iJcd 



AcichtiCllW.l cqllir::mcllt Jor slwJ low tcmperatw'e surveys 

vioulc.i -include a smaJ 1. LWO-In:m allgc~r, a set of sieves JOT 

soil unaJyscs, u balanec: for we'i gIl L r:)[::lf3urEfllen L.s on ~:; Leve c.;ep"n'fl Lions, 

a SflJ;I.L1 hot Illate Lo (ley ~~uil .s;viIplcs, a.nel a rJLlnp L:1])18 and alJrlade 

w.i til a stadIa nx1 l:o facilitate rapic1 lceation of' thennister Slt:CS. 

The ,::ilmlJow thelmal SLU'VCy ,1,0; lL':>e fu lin A )'iYIma T [.,> basi II :"lId t:l nge 

whet.'(: VCI'y hot waLeI' has bc:c-;n o))s(::)'v(-,:<1 at shallow dcpLhs. 'I'hfe' l.cc.lmiqli8 

v/ould provlLlf: a rapid, inu:;,:pcnsi\'c tUIIpc.ratu]'(.~ lrlD,p of sllelJ an :--lJ'(:':l rot, 

iJllcl'pn;Ui,liu)) or l.hl: "';Oln'(',(~ ()J,' l'nnduLt ror the tllPrmal watcrs. 



Heferenees 

Chaturvedi, I,.N, :10'/2, SLrucLlll'aJ 
SUl'V{~yS jn Iee1and, 21 ICC., 

inLerprel.ation of Hlial10w thernn1 
1972, section 9, p. lG9-171, 

KiJll;zjngt~l" P.H., 10~£i, GenLhenm-1 i~urvey of hoL gt'Oltnd near JDrcisburg, 
NeN ~,Icx.Lco, Scicncl', 5 oct., v. 124, no, 3223, p, G2D--G30. 

LaclJellbrueh, A.II., Sorey, M.T,., Le.vie:;, H.E. ,mel Sn..ss, ,Y.II., 1970, The 
near ,'~ucfal~c hyurothul1IJ(1 L j'c:;';ll1lC 0 f Long Va I 1 ey (:;1 -I dera, ,]ollrna.L 
ot Gc'ophysica1 Research, v. 81, no. 5, p. 7G3---'/GS. 

Le Schack, L.lL, U:wis, ,J.E., Change, D,C" Dc'ccmber 1977, llapid l'CC::
onnai::::~f~allc::e 0 [' geothenlla1 prosPQcts LLsing sha.!. Low L(1Ylp(-,j'aLlll'P 
8w'vey,,-,, St~!lti Allnual 'l'edmi(~al H(")porL, D,JE contnwt F('r-"~i7--C--OI-
1021., ~l;) p. 

Olmc;Lecl, F,IL, 1977, Use oj:' tanpc,raturc ;:3Ul'VC:J-<3 at (l. depth oj-' -! IDc;tU' 
in geothcnn:l.L cxplor'atiun ill N(:~v<-L(l;i, U.S. Geol()!--',"i.ea1 GlU'V(,;Y Pi'Or, 
Paper L044--B, 2::-) p, 


