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Tempcrature measurements in the Pinawa Holes 

T.J. Lewis, Earth Physics Branch, E.M .R. 

Introduction 

Temperature logs of î!N-1 é·nd HN-2 were r.i.::dc on 1 Decembcr , 1978 and again on 

20-21 .Tanna y, 1979. Our stanèard borehole logging cquipr..ient was used to 

measure t~ruperaturc at discn~te <lepths . The accuracy of the system is : 

Absolute Between two measurcments 
at successive depths 

Temperatme .002 K 

Depth +1.5 m .3 m 

The • yst.em is described; inc luding cab le stre 1·.ch and corrections, in Lev:is 

(1 975). !~11 ..ic·p Lh s lPrc wi:l refer to 1-·ll>Lhs clown the hole measm.-ed .lrom the 

top of the casing, and are not corrected for the dip of the hale. Since 

mcasurements m~re made at interva ls of 3 or 8 rn, the depth aL which changes 

occur u.i.thin an interval is not known . 

The temperalure loes are plotted in figures 1 and 2. Generally the 

ter11pcra ure decrcascs ftolll ·w:1J11e::; n~ar the surface dom1 to a tempcraturc 

i:evenal ncar a dcp:.:h of 65 nt. Such tcmpP1 ~l11!.·e reversals are obr~rveci 

eve1·ywh2re in Eastern C<!nacla and are the res 1 ts of the clirnatic change near 

the turn o[ the cent ·ry (Lewis, 1'.:175). 



5.J 
0 

Î('1'p<\rr:!u·e ("C) -----w- -- ---
0 

1 

l 'IN -2 t? 

~O-
L~ 

f' 1 

.r: ,,.. 
r. 
ü 
_ J 

100L 

1 

1 
1501 ·--

e 
!::-' 
[J, 

!3 
f '; ,__. 

Ç• . .) 

r; ri tir" i : 
" 

1 1.1 \, r., r 1-; .\ -- 1 . 
•' 

W!/·2 rneosuïcd on 

v · · 2 1 Jc mmy 1':)79 



' 1 
..J 

0 
70 8.0 90 
r----.---~--·--·-'-'-"-----·-------i---

ï>.!mpc, otvru (0
( ) 

10.0 

r·---r--------- 1 -. -----~------- 1pom-l 
10.0 "C 10.5 °C · 

0 

0 
1~. 0 

0 

0 

0 

WN-- / 

M•:osurc"J on 

O· · 20 ,Jonw1 ry \')79 

0 0 
0 

AO 
0 

0 
A 

0 

0 

b.0 

ü 

1-"i~·ur•• 2: 'J\:u tc1·1p1_·r~ tt tll"<' J.ogs cf \:N -J run .5Cl (;lys (1part.. 

0 

0 
Io.. 
0 

l en9!h 

450n1-~ 

0 
0 

Ao 
0 

1 

1 



Figure 1 illustrates that the temperatures measured at the two different times 

i n WN-2 a e in good agreement at any particular depth. The upper part of one 

of the logs of WN-1 J_s plotted also on this figure for cŒ11parison . In WN-1 

the temperature at any particular- depth above approximately 454 m has 

signifie;antly changed bei::ween the two differcnt timcs of measureroent ( sl'e 

figure 2). 

Interpretation 

Jn llN-1 water is flowing from near the surface ( approxjmately 15 m) down to a 

depth of between 418 m and 454 m. This water flow accounts for: 

a. the deeper depth of the temperature reversal in this hole compared to 

WN-2, and the broader shape , 

b. the higher value of the temperature nurnmum in this ho l e compared to WN-2, 

c. the cooler temperatures above /: 18 rn compared to the extrapolated 

temperatures from a strai.ght line fitted to temperatures below L154 rn and 

d. the difference in temperatures betwcen. the tw~ logs made 50 days apart: 

the second log of 20 Janu<.iry has a smaller fJ o., of ~a ter slarting ë.t a 

cooler tcmperature al tlte top compared to the first log of 1 December, 

1978. 

We mcasured qui.te different tempcraturcs and did net observe the minor change 

in gradient at 196 m which Scott rPys !·eports . Since our measurements were 

made rnuch longer aftcr the llolc was cornpleted and cf.ter intense logging 

occurred, the temperature disturbances had had a much longer tiioe to decay . 
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From 41 8 to 45l~ m' there appears to be a smaller downuard water fJow . This 

observatj on and interpre tation is in agreement with the more saline waters 

ùeing loc at:ed below 450 rn as shown b_y t he resistivity log , and disagree with 

Scott Keys' (Tech. Memo No . 53, p. 3) initia l interprctation of his 

temperat.u re l og . A slig1t L cha n ge , or o ffse t in tcmperature gradient occurrccl 

at approxim.1tely llO m \·:here warer was prob.:ibly entering the hole and joining 

the downward flow . Bctwecn 122 rr. and 14 3 m thcre may b e an add · tional 

t emperature disturban e. A more detailed t emperature log and measurement of 

the conductivity of several borehole core s from these intervals would help an 

analysis. Grouting off the water inflow near the surface would be most 

helpful . 

Discussion 

lt is \mrth notinb tltnt wa t e r fJ o-: into or oul of the ho le is not associa ted 

with any oî the l arger concent rations of fr;!ctures \·ih i r h h ave been mappe cl. A 

single frac t:ure \.hi ch 11m~y be op ll to water flow" 1.S !Ilé!f>ped Ùelween 111 6 and 

Lrl7 m by J. DL1 gal . l t 451 m a single fracture is mapped as not open to water 

ilow . Fractures mapped DS op P.n to w2ter flm-1 at 110 m and a series from 127 

to 134 m may b~ indire t causes oc small teitiperature grad i ent anoMalies. 

Since surface \rater 1s flowing 'cwn the hole in this instance, resi.·tivity is 

a r,ood in<licator of uhere the \.'ai:u leaves the hole s. I[ Lhe flou we e 

rc 1ersed, Lhcre mi ghL no l: be n resistjvity ch:nge . Accurate temper2ture 

rneasurements are the best ·ay t e detccL snia1.1 \·:ai:cr fl ows and an accurate 

c:ont · nuour logger is st.il 1 needcd to de termine accu ra t2ly t:he depth . A 

could b..: u' l" t.0 lo<..,lt( diffet·2:1co?s in Lhc dccay of the dr iU ing disturbance 

<is·oc:i.'.ltl'<l with [ault :-:n1ws. 



Us ing some simp l ifying assumpt-i_cns ( Bi rch, 1%7), it is possible _t o calcu l ate 

t he rate of water flow in the. ho l e . For a tempe r a t u rc differencc of 0 . 25 k 

caused by a constant water flow, t he flmv is approximate l y 0 . 0 2 l / s , or water 

moves at u veloc i ty of 0 .4 cm/s . Wa t er rnovernen ts over an o r der of magnitude 

smaller c.:..G. be detecteà by our equipment . Mor e detailed analysis can b e used 

( eg. Jaeger, 1955). 

Finally, it is possib l e i n areas of crystall ine rock for wate r to fl ow along 

f ractures in quite comp l i cated routes such that one borehole wi ll i nte r cept a 

flow anà a ne i ghbouring one will not i ntercept a fl ow ( e . g . Le rj s and Be ck , 

1977) . 

Recommendations 

lligh resolntion temperature logs should be made within a day, and aga i n 1 week 

after th_ complction of the driJling of holes in the future. No purnping tests 

should take plGce until after these initial logs are run. Additjonal 

temperatur~ logs should be run a month or more after any ci.rcula1·ion h- s 

slopped. 

Heasurewents of thermal conclue tivity should be m:1dc on core samples at 30 m 

intervaJ s <lown U,e holcs, anà é!t closer "'pacings where the ternperature 

gradient iG not onstant. 

A high <]l1aJity coniinuous temperatur.e lor,ger shou]d be acquirecl, with a 

t·emperature resolu tion of 1 nù' and au accarac-y of 0. 01 C, and wit:i a depth 

resolution of ù.§ ~ . 
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