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Abstn:.ct 

Subsurface temperature ôeasurements have been made in seven boreholes in 

the vicinity of Chalk River, Ontario, to maximum depths of 300rn. Although the 

results for most are still partially disturbed by the transient thermal 

<listurb ance due to dr illing, the temperature logs, as well as yielding 

equilibrium temperai:ur e s and t emperature gradients, rev2al transient anomalies 

that can be related to fracture zones and to water flows. 

Temperature Measurements 

Subsurface temperature measurements have been made in seven drillholes 

located as shown in Fig. 1 near Chalk River, Ontario, to maximum clepths 

ranging between 110 and 305m. To date ~ole CR-1 has been logged on four 

occasions since completion, holes CR-2 and CR-5 twice and the others only 

once. A further set of logs is planned once ho les CR-8 a11d CR--9 are both 

complete . Temperature observations on CR-1 were initially made at 3m 

intervals although the last log of it and the logs of all other hales were at 

8m intervals. All the observations have been made inc1·ementally using a 2. Scrn 

diamet er br:rns probe containing a single thermistor sprung against a 0.06cm 

stainless steel tip, a lightweight 4-conductor cable, a high sensitivity and 

precision Wheatstone Bridge and a sensitive electronic ga lvanometer. Absolute 

precisi on of the t em?er;iture observations is O.Ol°C although difference" of 

several mil li-degrce s can be resohred . Depths are dete rmined u s i.ng a pulley 

counter v ith divisions every 0. :-\m and marks on · tl e cab le every 8m, thus 

cnaLling corrections to be made for both cablc stret h and slippage . Logging 

at 3m int ervals the errer i.n the depth interval is about + lScm, so in a 

typical grad · cnt of lOmK/m the typica l i 1accura.:y in the gradient over one 

interval may be a s high as 30%. 
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Tempcrature Result~. 

All drillholes are thermall y disturbed by the process of drilling, and 

part icularly by the circulation of drilling fluid. Equilibrium temperat-..ires 

may be obtained either by waiting for all disturbances to dissipate or by 

making several logs at intervals anJ by calculating equilibrium values. 

Temperature reaclings frorn different d:cillholes may not be compared with 

confidence until equilibrium values are available. The large disturbance 

induced by the circulation of drilling fluid is illustrated in Fig. 2 showing 

successive logs of CR-1 made respectively 44 hrs, 31 days, 164 days and 355 

days after completion. The hole took 60 days to drill. During the year of 

logging the hole has cooled by as much as l.5°C in the upper section, by 

0 . 25°C near the base, although at bottom-hole t he total change is only 

0.05"C. At bc,ttom-hole the rnck was ünly vE:.Ly briefly subjected to the 

drilling process and consequently li tt le disturbance resulted. The final set 

of tempera ture results represents values very close to equi l ilrrium and the 

cooling of the hole has in general fitted the usual logarithmic cooling curves 

for conductive cooling of a heated cylindcr, suggesting little or no 

convec tive mass transfer. This rate of cooling can thus be used ta determine 

crudely thermal properties of lhe wall rock. The individual logs show two 

very pronounced features; 

:L Temperature decrenses from the surface to a minimum va lue, the depth of 

which i.s at prog1'.'2ss i vely shal lower depths or. succeeding logs. The 

minimm.1 temperature is at succe.ssively lower values on successive logs. 
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11 There are several pronounced deviations from an otherwise fairly smooth 

temperature curve. The magnitude of the deviat ions is largest on the 

initial legs and decreases with successive logs . 

Temperature Analysis CR-1 

The minimum temperature in the upper section of the hole, with a 

subsequent normal geothermal gradient, is a common phenomenon attributable to 

a general trer,d of warming air temperatures in eastern North America over the 

past 100 years . Calculated equilibrium temperatures suggest the increase in 

ground temperature to be approximately lK and the depth of the inversion at 

65ru is consistent with observati0ns elsewhere. The presence of a lake ne2rby 

at a different teîi"lperature from the surrounding land-surface enhances the 

inversi~n effec :. Successive logs suggest an &pparcnt depth m"grat ion of the 

mini.mum temperature but. this is simply a result of the decrease of the overall 

tempcrature gradi eut as the drilling disturbance dissipales. :rhe gradient 

bclow the inversion i.e. bctween 150 and 260m iricrea ses fcom 7 .3m..V:.../m to 

10.lmK/m between the initial and final logs. Ar.suming a logarithmic return to 

equil ibrium to be valid, the final gradient should be 10.3rnK / m; the 

disturbance due to drilling having been 30%. Correcting the gradient for the 

inclina tion of the hule, the vertical temperature gradient ü: 10. 7°rr1K/m . 

Perhaps of more interest to the current waste disposai evaluat ion 

progrannne are indica tions of fractu _e permeability or of possible water 

movements, either those up- or dmm-hole flows induced by the artificial 

presence of a drillhole oc i~dications of regior a l water movement through 

particular fon~ tions cf rock or along joints or fractured zones . Of 

µarticulR r i0Lerest ln tl1is coutext is the pronounce<l anomaly al a dcpth of 
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128w, noticeable on all four logs although progressively reduced in size from 

0.45K on the initial log to less than 0.08K on the last. Other zones of 

similar anomalies occur at depths of lf9m, l68m, 198rn, 229m and 24lm on the 

first log but these have entirely disappeat·e<l by the third. Initially the 

largest of these anomalous zones a t 128m was believed to be related t o 

regional water movement along a fr~cture. However, the continue<l diminution 

in the size of the anomaly with time suggests a passive permeable fracture 

that filled with drilling fluid at a different temperature from the incipient 

fluids, an<l thus the zone was thermally disturbed to a greater extent than the 

more competent rock on either sicle. As a consequence the zone is taking 

rather longer to return to an equilibrium value. Once equilibriurn values are 

established it will be possible to calculate th0 permeability of the fracture 

zone ar d the pr'.:lhable 1imi ;· of <1Rpth peretr.D.tion of the •-.~arm d:-illing Guid 

into the f racture . Under these circumstances temperature l ogs run several 

days after completion of drilling may ~rove excellent indicators of open 

fractures in the wall-rock. Subscq uent legs should permit a differentiation 

between t hos e permeable fracture zones in which water is flowing and those in 

which it is not. 

Terr1pen1 tnre Obscrv3tions on other drilJholes 

Sin ce f ~ver logs have been run on the remainder of the ho les , detailed 

interpretation is nnwarrantcd at this time. 

The resul !'.s of two lo ~s at 30 days and 220 <1ays since complet ion of CR--5 

arc 8hown. in Fig. 3 . A prorninent anomt•ly al: 7 3n~ <lepth is probably not an 

indicator of fractere pe1meability a lone , because the second log indica tes a 

p 0 rsistent g .. <.<dient arL01 .. a::.y aacl t é!mperature offset te 11i gher va)ues abovc Lhe 
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zone, usually an excellent indicator of uphole water flow. In this instance 

water appears to be flowing into the hole at about 80m and out at 55m with 

some flow to the surface . A further de t ailed log wil l be needed to verify 

thic although a water-flow from the collar is readily apparent . The absence 

of any shallow inversion zone is good additj anal evidence for the depth of 

origin of this water . As described in the sectiJn on drill-hale CR-1 the 

entire hole had cooled after hale completion. I n the case of CR-5 however, 

the hale above 200m has cooled while that below has been warmed. Whether the 

wall-rock·s are warmed or cooled by the drill ing depencls or1 the relative 

temp eratures of the rock and U•e circulated fluid. The latter depends on the 

source of the fluid, the time of the year of the drilling and the depth of 

drilling ; winter drilling for example wil:!. normally cool holes to these 

deptl a. A furt~e~ sma ll f rac ture appear~ to e~ist at a depth o~ 134m. 

Fig. 4 shows tempera ture logs made on CR-2 which was originally drilled in 

197 7, developed a blockage and was subsequently cleared and rearned out in 

1978. Temper.atu re measurements were taken 22 and 210 days after reaming the 

hole was completed. Again the drilling disturbance , several anomalies and the 

l ack of a shallow inversion arc r,oLiceable indicating pos sib lé wate r-movemcnt 

and fracture zones. 

Holes CR-6 and CR-7 have v .ry different driiling histories and have been 

lo3ged at d iffe1:ent t irues ac sho•11n in Fig. 5. It is therefore somewhat 

surprioing to note that although the holes gene rally are at different 

temp eraturcs a long most of thei:: ler.gths, at 40m depth the t emperatures are 

very s imilar . Since the deep gradients are vcry uniform and the inversioris .:it 

70 to 80m are well ·-developed , no water flows o.pp ear to be present through most 

of the hole, and the zone at 40m appears to r present an interconnecting 

f racture bet~,·een the hcles wh:ich are situ2.te<l 15m Rpart . 
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Conclusions 

This very brief account illustrates the information on natural 

temperatures, climatic change, rock cond itions and wa t er movement that: c:an be 

deduced from a succession of temperature logs on a borehole. As further logs 

are taken quantitative calcu lations of most of these parame ters will be 

possible. Ana lysis of tempera ture logs provides important information on the 

existence of fracture s and water flow at depth . 
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Recommendations 

1. All hales should be logged for ternperature . Current incremental logging 

equiprnent does not warr.ant closer spacings than 3rn . The continuous 

logging system will reveal a "realth of additional detailed information 

particularly on fracturès, lithological changes and water movements. 

2. The first log of each hole should be made within a day or two of 

completion . 

3. Subsequent logs should be taken periodically, ideally space<l at intervals 

of 2 weeks, 1 month, 3 months and 1 year after drilling. 

4. These requirements for high precision periodic logging suggest that A 

continuous temperature logging system should be built independently of any 

multiple parameter logging system and that the hole should be allowed to 

stabilize for several days after other pr obe s have been running . 

5. Pumping tests pn.or to temperature logging ~vill thermally disturb the 

drillhole to an unknown extent. If the pumping test conditions are known 

subsequent temperature J0gs acros s such zones may reveal addition2l 

information. 

6. Detail eà analysis of the temperature logs would be enhanced by det2iled 

dri llin histories including input and output volumes of drill-fluid 

circulation) input and oui·put" terr.peratures of the. flt1i<l. 
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Fig, 2 Tempcratures in CR 1 
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Fig, 5 Temperatures in CR-6 and CR-·7 


