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SUMMARY 

This report outlines preliminary results of a permafrost study undertaken 

jointly by the Department of National Defence, the National Research Council 

of Canada and the Department of Energy, Mines and Resources at Canadian Forces 

Station Alert , N.W.T. (82°30'N, 62°26'W). The project connnenced in September , 

1978 with the drilling of five shallow holes to maximum depths o f 61m in areas 

that would demonstrate the diverse nature of permafrost and the active layer 

at Alert. Temperature cables were installed in the drillholes and frequent 

measurements are being taken by DND personnel. Such detailed geothermal 

measurements have never before been available at such high Arctic latitudes. 

A complete year of subsurface temperature observations , taken 

approximately every three weeks, is tabulated in this report. Graphs show the 

response of subsurface temperatures to seasonal climatic variation. Wh i le the 

two 15 m sites are similar thermally, the three 61 m sites are quite different 

from each other. 
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RESUME 

Ce rapport détaille la base et les résultats préliminaires d'une étude du 

pergélisol entreprise conjointement par le Ministère de la défense nationale, 

le Conseil national des recherches du Canada et le Ministère de l'énergie, des 

mines et des ressources à la base des forces canadiennes, Alert, T.N.O. 

( 82°30'N, 62°26'W) . Le projet commença en septembre 1978 avec le forage peu 

profond de cinq trous, attei~nant une profondeur maximum de 61m, dans des 

régions qui démontreraient le caractère divers du pergélisol et de la couche 

active à Alert. Des câbles de température furent installés dans les trous de 

forage et des mesures fréquentes sont prises par le personnel de la défense 

nationale. De telles mesures geothermiques n'ont jamais été prises si loin au 

nord. 

Des mesures de la température du sol, prises toutes les trois semaines 

pendant une année complète, sont présentées dans ce rapport. Les graphiques 

démontrent l'effet des variations climatiques saisonnières sur les 

températures du sous-sol. Tandis que les caractères thermiques des deux sites 

de 15 m de profondeur se ressemblent, ceux des trois sites de 61 m sont très 

différents les uns des autres. 
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INTRODUCTION 

One year has passed since temperature measuring cables were installed to 

depths of up to 61m at five sites in the vicinity of Canadian Forces Station 

Alert, N.W.T. (Fig. 1). These thermistor cables have been read by Station 

personnel approximately every three weeks and the resulting subsurface 

temperatures represent a unique record in permafrost studies for such a high 

latitude. The project is continuing. 

This report surrnnarizes the activity in this project over the year, 

concentrating on progress made since a preliminary report was written in March 

(Brown et al., 1979). The data accumulated to the present time appear here as 

a set of five tables and sixteen graphs; a brief assessment of the data and 

their implications are discussed. 

PROJECT ACTIVITY 

During the year, 121 temperature logs have been taken, representing over 

1300 individual subsurface temperatures. Tables 1 to 5 present the sequence 

of temperature - depth profiles measured at each site. Each temperature 

sensor is calibrated absolutely to O.lK; however, these thermistors are very 

stable and have a repeatability at least an order of magnitude better than 

this. Successive logs at Alert demonstrate that temperature changes of the 

order of 0.01K are being resolved, a credit to the care with which the 

measurements are being taken. 

A number of temperatures at two sites are missing, a result of foxes 

damaging the cables between the ground surface and the tripod. No data could 

be retrieved at site 3 after the end of December, until the cable was repaired 

by Sgt. Shields early in May, 1979. Faxes severed a number of wi~es within 
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the cable at site 5, and generally readings at five depths are missing from 

Dec. 28 until the cable was repaired by Sgt. Shields in June 1979. The cable 

at site 2 was broken by animals in early September, 1979 but the cable was 

repaired without loss of any temperature measurements. As a result of this 

experience at Alert and at several other areas, thermistor cables are now 

manufactured with braided shielding slipped over the section expected to 

protrude above the surface. 

Measurements of snow depth and snow density were instituted in May 1979. 

These measurements were taken at four places in the vicinity of each site and 

will prove very helpful in assessing the response of subsurface temperatures 

to weather conditions. Monthly climatological summaries, providing daily mean 

temperatures and other data observed at the Alert weather station, have been 

obtained from the Canadian Climate Centre, Environment Canada. 

THE DATA 

A selection of the temperature profiles listed in Tables 1 to 5 are 

presented graphically in Figures 2 to 6. Temperature profiles at the deep 

sites show that the seasonal variation is less than 0.2 Kat depths greater 

than 20m. Typical winter and summer temperature profiles at the five sites 

are compared in Figure 7. These graphs show that wide var i ations in 

temperature have occurred over the year in the upper few metres; the minimum 

and maximum subsurface temperatures experienced last year are compared for 

each site in Figure 8. 

As data has been collected regularly throughout the year, temperatures 

measured at several depths are plotted for each site versus date (Figures 

9-13). Weekly mean air temperatures, extracted from the climatological 
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summary sheets of the Alert weather station for the same period, are plotted 

on these graphs. The gap in measurements at site 3 makes this comparison of 

little value at present. 

The data may also be viewed when contoured with respect to temperature. 

This analysis is particularly sensitive to a regularly spaced density of 

measurements in depth and time. The contour plot in figure 14 for site 1 

emphasizes that most of the subsurface temperature variations occur in the 

upper 10 to 15m. Figure 15 shows the detail in this region, as recorded at 

site 4. 

The relationship between air and subsurface temperatures is important to 

the interpretation of the subsurface thermal regime. Snow cover insulates the 

ground from severe fluctuations of air temperature and measurements of snow 

depth and density have been added to the program. Figure 16 depicts the snow 

depths averaged over four locations near each cable site s i nce spring, 1979. 

DEEP TEMPERATURES 

Figure 7 may be used to compare the temperature gradients i n the lower 

section of hales 1, 2 and 3. The high gradient at site 1 ( about 54 m.K / m) is 

undoubtedly a result of its proximity to the sea and of the large drop in 

surface temperature as this near-shore site emerged from the sea several 

thousand years ago , i n response to glacial unloading ( Brown e t al., 1979 ) . 

The geothermal gradients at sites 2 and 3 (27 m.K/m and 14 m.K / m) are in the 

range expected for this geologic environment. Further analysis must awa i t the 

completion of thermal conductivity measurements on the drill core. 
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SHALLOW TEMPERATURES 

The seasonal variation in subsurface temperatures is depicted in the upper 

portion of the deep sites , and at sites 4 and 5 (Fig. 5 and 6). The 

temperature sensors nearest the surface are at depths of 0.8m and this 1s 

generally below the active layer that seasonally thaws. At site 4, 

temperatures reached 0°C at the end of July but at site 5 , the temperature did 

not warm further than -l.47°C at this depth (Table 4 and 5). 

Temperatures near the surface tend to lag behind air temperatures. At a 

depth of 0.8m temperatures lag about a week, but the lag time increases at 

greater depths. The effect is seen in Fig . 12 and 13 i f the seasonal air 

temperature minimum or maximum is compared to the occurrence of a similar , but 

smoothed, peak in the subsurface temperatures. While one week averages have 

been taken for the air temperatures, subsurface temperatures have been 

measured approximately every three weeks. In addition , the ground acts as a 

filter, reducing the detail seen in successively deeper temperatures. This i s 

readily seen in figures 9-13. 

The time lag observed in the propagation of surface temperature changes 

into the ground results in subsurface temperatures between 6 and 10m being 

warmer in the winter than in the summer. Figure 7 shows the subsurface 

temperature curves peaking to warmer temperature in winter (upper ) but cooler 

temperatures in surrnner ( lower). Similarly , Figure 14 depicts the - 14°C 

isotherm penetrating deeper than the first thermistor by mid-November, 1978 at 

site l; this isotherm reaches its maximum depth by the end of July. Although 

the mean annual air temperature is -18°C, (Environment Canada , 1975 ) , the 

ground deeper than about one meter experiences temperatures colder than this 

to a relatively shall ow depth and f or a short period of time ( stipled area i n 
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figure 14). At site 4, the -18°C isotherm reaches its maximum penetration of 

about 10m by early July (s tipled, Fig. 15). 

The range of temperatures recorded over the year at four of the five sites 

1s depicted in figure 8. Site 3 1s omitted because of the absence of several 

months of winter data. The span between the "minimum" curve for a site, and 

the "maximum", represents the range of temperatures experienced at that site 

for the upper 8m. 

Site 1 exhibits the smallest range, possibly due to the moderating 

influence of the sea; site 1 is also a warmer site since the median of its 

envelope is displaced several degrees higher relative to envelopes of the 

other sites. 

Sites 4 and 5, on south - and north - facing slopes, respectively (figure 

1), are surprisingly similar in their temperature ranges (figure 8) and snow 

cover (figure 16). Distinct thermal differences are observed on north - and 

south - facing slopes at much lower latitudes; also, the local topography of 

these sites would have suggested a much deeper snow accumulation. 

SURFACE TEMPERATURES 

This project was not designed to take direct measurements within the 

active layer. Extrapolating temperatures measured well below the penetration 

of the seasonal variation yields a surface temperature that represents average 

conditions over tens of years. This extrapolation, shown on figure 7 (upper), 

gives the following results: 

Site 1, T = -13.5°C surface 

Site 2, T = -16.3°C 
surface 

Site 3, T = -14.6°C surface 
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All values are significantly warmer than the 20 year average air temperature 

(-18°C). Site 1 is significantly warmer than the other two sites. Site 2 is 

the coldest, possibly because of its exposed plateau location. Figure 16 

shows, of the three deep sites, that the least snow cover occurred at site 2, 

although this represents snow depth measurements only since late May. 

CONCLUSION 

The temperature data accumulated at Alert is of exceptionally high 

quality. Measurements in 1980 will reinforce trends seen i n the first year's 

results, and will provide data missed at some sites due to cable damage. 

Further detailed studies using this data will be undertaken in the coming 

year, leading to an understanding of the dynamic behaviour of near-surface 

permafrost at Alert. 
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1 EARTH PHYSICS BRANCH NO, 

DIRECTICN DE LA PHYSIQUE DU GLOBE NO, 
230 ALERT •l 

>----~·~···•tao,. ····••.!.llJt...t...!!JlJtJt♦ -·····•·.JU:•.Jt..t.!:ttt'*lt t>it ,.:.,_,.. ••tt•tt•#tt•,c,••--------,-------------------------< 

, •-
r 

r 

- 82- DEGREES._.JO ,6-IHNUTES .. NORH( ____ _ 
1 -

62 DEGREES 17,9 MINUTES WEST 
82 DEGRES .30.6 MINUTES NORD -------------------------------1 
62 DEGRES 17,9 MINUTES OUEST 

1

1 

~----------- ---ELE~ON-10-MEJRES __________________________________________ --, 

-------------~?AGRAPHIES DONNANT LA TEMPERATURE ... ---------------------------
SUMMARY Or DEPTH•TEMPEMATURE LOGS EN ,ONCTION DE LA PROrONDEUR 

--------------------------------· ------ ----------
DATE DATE DATE DATE DATE DATE DATE DATE DATE DATE DATE 

78 10 6 78 lÔ 19 78 11 2 78 11 18 78 12 5 78 12 28 79 l 18 79 2 12 79 3 14 79 4 l 79 4 17 
----. ------- ----------------~ 

ZIMl T(Cl T(Cl T(C) TIC) T(CI TICI TIC) T(Cl T(Cl T(Cl T(CI 
1,5 -6,47 -10.30 •13.03 •15,57 •16,08 •15,80 -16,57 •17.99 •20,46 -20~33 -20.09 

. o_.a.20 __ .. a,94 ___.._10.33_.11.95 __ ,.13.39 __ .. 14. 13 _ .14.43 __ ,.1s.2z __ .17,os 11.60 17 .a'-·-----------< 
6,1 -12.20 -12.02 •ll,78 •11,76 •ll,99 •12.45 -12.ao . •13,15 •l].77 -14~28 •14,57 

1 12.2 -13,16 •13,30 -13,20 •13,09 •12,96 -12,ao -12.12 -12,12 -12,73 -12.1a -12,02 

1
_ 10 ,3 __ -12,32__,,.12.55 ___ .. 12.59 __ -12.59 ____ .. 12,s1 ___ -12 .56 __ -12.53 ___ -12.52 __ -12,46 ___ .. 12.44 __ _.. 12,41 _____ _____ ---1 

. 24.4 -11,80 -12,04 •12,06 -12,09 -12,11 -12,11 -12,12 •12,16 •12,15 •12,15 •12,13 
j 30,5 •ll,35 •11,56 •11.58 •11,59 •11,61 •11,61 •11.61 •11,65 •11,65 •11.66 •ll.66 

r-1
.6~_6 _ _ • l O , .8 L.___,,_l L,Jl 8----" l l, 1 a____,,_1 t. 11 __ ,.J l , 12 __ ., l l • 12-.,,,.ll , 12 __ • 11 • 16 _ _ ., ll • l S __ • 11 • l 5--~-11, l ,;...__ _________ --1 

2.1 -10.60 -10.00 -1o~a1 -10.03 -10,03 -10,02 -10.a3 •l0,86 -10,86 -10.06 -10,a5 
8,8 -10.30 --10,45 •l0,46 -10,47 -10,49 -10.41 -10,49 -10,51 -10,50 -10,52 -10,50 

r
_ 54, 9_ ,._10, 02 l 0, 12 __ .10, ll--•l 0, 14 __ ... 10, 14 __ .,l 0, 13 ---•l 0, 13 --•l o, 1a___.. 10, 16 ___ .. 1o_.18 __ ,;. 10 .16-------------i 

1 61.0 -9,80 ·•9,82 •9,82 -9,83 •9,84 ~9,83 -9.83 -9,87 •9,86 •9,86 -9,85 __ , 

j DATE DATE DATE DATE DATE DATE 
..., 1 79 5 4 79 5 18 79 5 27 79 6 12 79 6 29 79 7 16 

( Z(Ml T( Cl T(Cl T(Cl T<Cl TCC) TIC) 

~ 
1.5 -19,57 -10.51 -11,23 -15.29 -11,30 -7,94 

,~, _ 3,0 __ •17. 7'L __ -ll' ,59 __ •l 7 ,09 __ ~16,35 __ •14, 76 •12,60 
6,1 -l~,7G •14,92 •15,10 • 15,12 •15,00 •14,63 

12,2 -12,89 •12,96 -13,04 •13,15 •13,20 -13,29 
_, 1 s_.1_ =.1?. :u __ -12 .~o __ -:.1? , 4Q ____ 12. 39 ___ ~ 12. 39 ___ ~ 12,44 

24,4 •12,13 •12,13 ul2,12 •12,12 •12,12 -12.oa 
30,5 •ll,66 •11, 65 •11,66 •ll,66 •11,64 •11,65 1- 36,6 -- ~ll.15 ___ -ll,14 -ll,15 ___ -11,15 •ll,14 -11,15 

W42,7 -10, s5 -10.05 -10,86 -10.86 -10.04 -10.e5 
8,s -10, 48 -10,49 -10,so -10,so -10,46 -10.30 
4_,..2___=._l .Q, l~ __ -=-lQ, 16 __ .lQ__. l ~ l0_, 16 __ •1 o, 14 ___ •10, 14 

61,0 -9,85 •9,85 -9,85 •9,85 -9,03 -9,79 

DAîi DATE DATE DATE DATE 
79 7 31 79 8 16 79 8 31 79 9 13 79 10 ~ 

DATE 
79 10 16 

-- -------- - --------T(CI T(CI TCCI T(Cl T(CI T(Cl 
-6.22 -5,29 •4,86 •4,9J -6,68 -8,20 

•l 1,23 •10,06 _ -9,23 -8,69 ____ •8,54 _ _ _ ,.8,86 _ _ _ _ 
•14 , 24 •13,76 •13,24 •12,79 •12,22 •ll,87 
•13,31 •ll,37 •13, 32 •13,31 •13,23 •13,14 

___ - - -~12,45 __ ~ 12,47 __ •12,SQ_ · - ~12,51 -12,s...._ ____ --1 

•12,09 -12.10 -12.10 -12,11 •12,13 •12.14 
•ll,66 •ll,65 •11,65 •11,66 _ •11,69 •ll,69 
•ll • 15 •l l, 15 __ •11, 16 ___ •11 _, 17 ___ •l 1,20 __.11,20 __ _ 
•10,83 •10,65 •10,85 •10,86 •10,89 •10,89 
-10.46 -10.45 -10, 40 -10,49 -10,52 -10,53 
-10.16 ___ ~10.16~0.1~2 .• 1~ 0 .. 20 ,10.2~---· 
.9, 78 -9,85 .9,84 .9·,ss -•9,88 -9,ae 7 .. 

TEMP ERATURE RESULTS ARE OBTAINE~ ______ TEM PERA TUAES OBTENUES A PARTIR D'UN ________________________ _ 
f ACH A MUL TJT HEAM JSTOR CAB LE, CABLE A THERM!STO~S MULTIPLES, 
fURT HE R TE MFERA TURE LOGS ON PRE VOIT ENTREPRENDRE D•AUTRES 

RE. EXPECTED . .E.0&.....ui LS_l:lOL ONDAGES DE LA TE M?Et{ ATU RE DE. CE.. PJJI1....--------------------------l 

ONDwNRC • [MR ALERT PERMAfROST EXPT DND•NRC•EMA ALERT PERMAFROST EXPT 
~IIE LL SPUODE0 _18. 10 3 ----------~ •DEMARRAGE DU PUITS LE 78 . 10 - - --- ----~-----------------
•DRILLI NG fOR l DAYS •fORAGE PENDANT 1 JOURS 
•TOTAL OEPTH 61 METRES • PROF ONDEUR TOTALE 61 METRES 
•DBlLUN.LS.I..QE.e_E_Q_ 7B • 1 0 4 -fORMiLil.RBE.IL LE._7~8~ 1 ~0 ~ 4~-------------------------------, 

LOCA TION~ANILELEvutois s _Af>.eRo~ _______________________________ T __ A_B_L_E __ i_ 

L_. N 
'--1 



.. -· ·· ·•· ----·-~ 
EARTH PHY S!CS BRANCH NO, 

DI RE CTION DE LA PHYSIQUE DU GLOBE NO, 
230 ALERT •2 

~--- ~~~·~·~·~·~·~·~•1 .. ····•~.!.Jt..• ••.!Jlt•••~!.A...•....tttt.•..!...~~~•<t~_!>!t~ ~i!~ •~~~~.!t!t!!4!!ft~ .-------------------- ---- - ---------< 
1 
1 

1 __ 02 DEGREEs- 30,1 .. MINUTES NORTH.. _ _ _____ 02 DEGRES 
1 , 

1 62 DEGREES 26,0 MINUTES WEST 62 DEGRES 
30, l MINUTES NORD - -------- ------------------- - - - - , 
26,0 MINUTES OUEST 

1----------------ELE.1tA.t.l-ON----9Z-J,4E.TRES ----·-- --- ------------------------- -------------; 

1-- --- OlAGRAPH!ES DONNANT LA TEMPERATURE 
EN FONCTION DE LA PROfONDEUR 

··--------- ------ - -
SUMMARY Of DEPTH•TEMPE~ATURE LOGS 

DATE 
78 10 

DATE DATE DATE DATE DATE 
78 10 2 78 10 3 78 10 6 78 10 19 78 11 2 

,- ---------- - - -· ---- ·------

DATE 
78 11 18 

DATE 
78 12 5 

DATE DATE 
78 12 28 79 l 18 

DATE 
79 2 12 

! 
Z(MJ T(Cl T(C l T<C) T(C) T(Cl T<Cl T(C) T(C) T(CI T(C I T(C) 

1,5 ·6,81 •6,61 -1.01 -8,41 •13,79 •16,68 •19,38 •18,99 •18,56 . -23,83 
~ 3,0-- .a . s q____.0,4 0 __ ,.0,40_ 0,SJ--•10 , 36 --•12, 11 ----14,98 .. - -•lE,.32--•16,BJ---17, 79___. 19,3.,.... __________ __, 

1 
6,1 •12,7 4 •13,24 •13,33 •13,29 ul3 , 0l •13,04 •13, 45 •14,22 •15,02 •15, 54 •16,20 

12,2 •15,21 •16,14 •16,33 •16,30 •16,28 •16,13 •15,93 w15,73 •15,55 •15,49 •15,52 
~. r --10,J __ .,1 4 ,64 __ ~ 15 , 70 ____ .. 15,90 --" 16, 1 l ---•16, l l .--•16 , 15 --•16, 16 ___ .;. 16, 05 - •16 , 0l ___ •15 . 94 __ ,. 15,94 

24 ,4 •14,07 •15,25 °15,46 •1 5,S B •15, 66 - 15,73 •15.72 •15,76 •15,82 •15,73 •15,73 
30,5 -13,92 -15, 00 -15,31 -15, 40 •15, 47 -1 s,40 -15 , 48 •15,Sl •15,50 -1 s,s o •15,52 

L_)o,6__,,_13,0 ~ 14,94 l5,1 ~ 15 , 23 - - •15,30 __ ., 15,3L _ ____.. 15,30 _ _ ,. 15,34 __ .15,3z_ .. 15,J2____. 15,.3.,_ __________ _ 

1. 
C • 

~

42,7 -13,63 •14,80 ul5 ·,oo •15,09 •15,15 •15,16 -15,17 •15,18 •15,17 -15,15 -15,19 
48,8 •13,66 •14,66 •14,84 -14,89 -1~. 95 •14,95 •14,96 •14,97 •14,96 •14,96 •14,99 
54 ,9 13. 01 __ .. 14, 58--•14. 10_.14, 76- - .. 14 ,eo ----• 14. 79 __ .. 14 , 79 --•14,01 ___ .. 14 ,00 ___ .. 14. eo _ _ .. 14,0.,_ __________ _ 
61,0 -14,28 •14,58 •14,63 •14,64 •14,66 •14,66 •14,67 •14,69 •14,67 •14,67 •14,70 

DATE DATE DATE DATE DATE DATE DAl t: DATE 
79 3 14 79 4 3 79 4 17 79 5 4 79 S 18 79 S 27 79 6 12 79 6 29 

>--------- ------··-·---- ---- -- ·----- -

DATE 
19 1 16 

DATE 
19 1 31 

DATE 
79 8 16 

ZCM) T(Cl T(Cl T(C l T(Cl T(C) T<Cl T(C) T<Cl T(Cl T(Cl T(Cl 
1,5 •26,37 •25,44 •24,14 -23,46 •21,04 •19,15 •17 ,0 6 •12,98 •7.45 -5,24 •4,J6 

_ _ J,0 _ -22 ,21+ __ •22,44 __ •22.43 ___ •22,03 -- •21,30 •20.15 •18,91 •17,39 . •14,23 _ •11,95 _ •10,35 _ _ _ _ 
6,1 •17,61 •1 8 ,46 •18,84 •19,13 •19,28 • 19,26 •19,0l •18,66 •17,96 •17,05 •15,97 

12,2 •15,63 •1 5 ,77 •15,68 •16,01 •16,17 •16,31 •16,46 •1 6,58 •16,tB -16,73 •16,72 

1 
1 

1 
1 

1 
1 
) 

<: .. , .e ... 3 _ _ - _1;;_,a9. ___ -15, e5 __ -15,03 __ -15, A2 __ _ •15,83 _ ,'.' 15,as _ ~ 15,00 ___ ; 15 ,92 __ .-15,96 __ .15 ,99 __ ,.,, 16,0l _ ___ _______ -1 

24,4 -1 5 ,73 •15,7 5 -15,12 •15 . 71 •1 5,69 -15,10 •15,69 •15,68 •15,69 -15,11 •15,70 

1 
30 ,5 -15 ,54 -15 ,56 -1s,55 -15.s5 •15, 53 •15,54 -1 5.54 •15 ,54 -15.54 - 1s, s4 •15,54 

r 36,6 ___ -l5,37 ___ • 15, 36 _ •15,35 ___ •15,3b •15,36 •15.36 •l 5, 36 •15,36 ___ •15,36 ___ •15,36 __ •15,36 _ ______ _ _ 

1 

42,7 -1 5 ,20 •15,20 •1 5 ,1 8 •15,19 •15,19 •15,19 •15,19 •15,19 •15,19 •15,19 •15,19 
48,8 •15,00 •1 4,99 •14,9B •14,98 •14,99 • 14,99 •14,99 •14,99 •14,99 •14,99 •14,99 

· ~1; .~~. e 1 __ • l ~.S J~ !!. a~ 4. 02 __ .11;, e2 ___ .- 14 . e2 ____ .- 14. 02 .. __ _!'. 1 i.. s 2..__,,,1.4, e2 __ • 14 ,s --~11t..e __________ _ 
61,0 •14,71 •14,70 •14,69 •14,69 •l~,69 •14,69 •14, 69 - •14,69 •14,69 •14,69 •14,69 

DATE DATE DATE DATE 
79 8 31 79 9 13 79 10 2 79 10 16 

___ _________________________ TEMPERATUHE RESULTS ARE DBTAINE~ --- --- - ÎEMPERA TURES OBTENUES A PARTIR D'UN ___ ~ 

R
<M > T(Cl T(C l T(C) T(C) f ROM A MULTITHERM!STOR CA&LE, CABLE A THERMIST ORS MULTIPLES, j 
1,5 -4,21 •5, 86 • 8 ,66 •10,43 fU RîHER TEMP ERA TURE LO GS ON PREVOIT ENTREPREN DRE D•AUTRES 

1 3,0 -- •9,42---•8, 93 --•9,62--- •10, 5 1 ___ -ARE EXPEClED fOR. THIS HOLE. ONDAGES. Of-LA - TEMPERATURE DE-.CE- P-UU.S.-i 
6, l •15,06 •14,34 •13,63 •13,33 i 

12,2 •1 6 ,66 •16,59 •16,40 •1 6,23 DNO•NRC•EMR ALEAT FERMAfROST EXPT DND ~NRC•EMR ALERT PERM AFROST [XPT 1 
1a , 3 __ ,cl6,oa__. 16,l 4 __ ..,16,1 2---.. 16,1 9---· ~WEL L SPUDDED 78 9 30 • DEMAR RAGL.DU . PUITSLE 78 _ .9 .JQ __ ___, 
24,4 • 15 ,70 •l ~,76 •15,73 •15,74 -D ~I LLI NG FOR l DAY S ·•f ORAGE PE NDAN T l JOURS 

1 30,5 -15 ,54 -1 s . s a -15,57 •15 , 57 • TOT AL DEPTH 61 METRES •PR OfONDEUR TOTALE 61 METRES 

R
6, 6 ___,. 1 5 , 3 6 - - • l 5, 4 0 --• l 5 , 3 9--· .. 1 5 , 3 9 •DB 1 LU NG__S.I..O.ef'Eo._1-ILl o_ .8.AGL..ARREl.E...LL.1..S...1.0_...l . 
2.1 -15,19 -15,23 -15,22 -1 s.2 3 
0,0 -14,99 •15,02 -15,02 -15.02 
4,9 •l4.Az..__._.,, 14, 85---" l4,8!)..__,. l 4 ,85--- LOCAIIONS. ANO ELEVATIONS 422RO~•--- .. 
1,0 •14,69 •14,72 •14,72 •1 4 ,71 

1 · ________ _______ _______ TABLE 2. 

,-

... 

·-

'-· 

i 

N 
CXl 



--- ·-·- · ···• ··- •·•-- -~ EtRîH PHY~!C S 8RANCH NO, 

OIRECTION DE LA PHYSI QUE DU GLO AE NO, 
230 ALERl •3 

ELEVATION 160 METRES 

O!A GRAP HJES DON NANT LA TEMPERATURE 
-SUÎ•IM.ARV- 0}·- DE PTH~ TE" PE t<A TURE- [ OGS Ei,0.0NCTI 01r DE LA PR OFONDEUR ----

-----------------------~--------- ----------------------------------
DATE DA l E C5ATE DATE DATE DA°T E DATE 

78 10 3 78 10 4 78 10 6 78 10 19 78 11 2 78 11 18 78 12 5 78 
om DATE DATE DATE 

12 28 79 5 4 79 5 

~ Z(M) ___ l( C) -T(C) -- T(C) ___ T(C) -- " T(CI - T(C) ___ T(cf· ---T<C f ___ --- n c~i---T Cèl 
2,4 - 9 ,30 -9,79 -9, 84 -10.29 -11.so •12,81 -14,08 •14, 17 -17.86 •17,87 
8,5 -14, 39 -1 4 ,70 -14,77 •1 4 , 56 •14, 29 •14,05 -13,92 -13,91 CABLE° -14,85 •14,96 

~ \ 4 ,~4.39 •14,6-,.;l li , 79 •14,87 -1 4~ 8~14:a o-;-ri.; 1~--- -- f .. ;-6·1 SEVE RED • [l. ; 4-8------.;)4;31, 
20 ,7 -13, 89 •14,17 -14,30 •14,41 •14,46 -1 4 ,48 •14,S?. •14,52 

J"A\.l.-
-14, 43 •14,42 

26 ,8 -13,62 -13,86 -13,97 •14,06 •14,10 •14,12 -14, 13 -14, 15 
~e~ 

-14, 19 •14,19 
-·32. 9---D ;60---13. as---13. 95--.; 14 ;02--;; 14. os--~14 ·• os -- -14. os ---14. 00 IC/ 7 </ •14 ;1 2---14--;-13 

39 , 0 -13,45 •13,68 -13,77 •13,84 -13,87 -13,87 -13,88 •13,88 •13,90 •13,91 
45, l -13,45 -13,67 -13,74 -13,80 •13,82 -13,82 -13, 84 -13,84 •13,90 -13,82 

- s1-;-2~ J:-t.s -13:-6 □ - 1 J:;""6-6---- n :-1~ 3--;12--- n : 12--;;i·3 ; 13---n; n -13 ;73 •!3,7<+ 
57,3 -13,52 -13,59 -13,6 0 -13,61 •13,62 -13,62 -13,63 •13,63 •13,63 •13,64 

DATE DATE DATE DATE DATE DATE DATE DATE DATE DATE 
79 5 27 79 6 12 79 6 29 79 7 16 79 7 31 79 8 17 79 8 3' 79 9 13 79 10 2 79 10 16 

,--..n.q---T rc > , TC 1 , CC) 1 (C) , ·cci HCT ___ T<Ci , rc1 T (Cl t rci 
2,4 •17, t, 5 •17,24 •16,B 3 -15.76 •14,34 -11.56 -10,ao -10,59 -10,02 
8,5 - 15,13 -15, 27 -15,36 •15, 43 -15, 4 1 •15.32 -15,17 -14,97 -14,64 -14,36 

- 14, 6 -·- 14,42 ·--•14, 45 -- -14,5 0 ---14,55 -· •1 4 ,58 --•·-- -14, 63 - -14, 67 •14,69 --· -14,72---14;71 
20,7 •14 , 42 -14 ,4 1 -14,41 •14,41 -14, 4 1 •14,41 -14,43 •1 4 ,44 •14 . 47 •14, 4 8 
26.8 -1 4 ,19 •1 4 , 19 -1 4 ,1 9 •14 , 19 •14,18 •14,16 -14.18 •14,18 •14,20 •14.20 

~ J z;9--.T4--;-rr--,T4-; n ---- 14--;rJ -1 4 ,1 4 • 1 4---; l z---;;-f 4; r:,----14---; l 3---1 4; 17.---.r4-;r6---.Y4--;T o 
39,0 -13,91 -13 , 91 -13. 9 1 -13, 9 1 •13,91 -13,91 -13,92 •13,92 •13,94 •13,94 
45, l -13.85 -13, 85 -13, 85 .13, 85 -13, 85 -13. 85 -13, 86 -13, 86 •13 , 89 -13,88 

- 51,2 •13. 74 - -13. 74 - -;.. 1:3;-74---.13.14 --.13, 73 •13,74 -13. 75 •13, 75 ---- -13,77--.13. 77 
57,3 -13,64 •13 , 64 -13.6 4 -13,64 -13,64 -13,63 -13.64 •13,65 •13,67 •13,66 

- TE M p ER nu Rf""î'.l ES-U[l-S- A RcOBTHNEb 1 EMP ER1iTORfS - OBTENUESA- Pt RT I R. ll 'lJN 

FROM A MU L T IîHER MJ ST OR CAB LE, CAB LE A THERM I STO RS MULTIPLES. 
; FUil THER TEMPER Aî Ul< E LO GS ON PRE VOIT EN rnt: PFIENO AE O• AUTRES 

ARE EXPECTEO FOR THIS HOLE, SO ND AGES DE LA TEM PERATURE DE CE PUITS; 

ONO • Nrl C•EM R ALERT PE RMA FR OST EXPT ONO- NAC -EM R ALERT PEf<M Af RO ST EXPT 
- -wECL- SPUDDED- "tïl"TO l • DE MARRTGCDU POTTSLf- 713- 10 l 

-OR!LLl NG FOR l OAYS -FO RAGE PENDAN T l JOURS 
-T OTAL DEPTH 6 0 MEI RE S •PROFON DEUR TOTALE 60 METRES 

- - DR ILLI NG- ST OPPED 78 l O ·- 2 ·T ORAGE . ARrlETC LE 1s · 10 - 2 · 

18 

r(UmlO.~NlrELTV<TlU""'"''''• TABLE 3 



. ·- ------· . .... _..q e 

Q 

--------· ----·---·----
EARTH PHYS!CS BRANCH NO. 

230 ALERT •4 
DIRECTION DE LA PHYSIO~E OU GLOBE NO. 

1 .. 
__ ll2 .. 0EGREES _ 2~al . .J:IINUTES NORT ________ 82 DEGRES 29, l MINUTf:S NORD -· ___________ _ _ ___________ _ _ -- \ 

62 DEGREES 28,3 MINUTES WEST 62 DEGRES 28.3 MINUTES OUEST 1 
i -

>--------------~~~~~-EL- E-YA_T_l_O_N _ _ 3_8--H.E_ TRES _______ ______________________ ______ ___ -;I' 

DIAGRAPHIES DONNANT LA TEMPERATURE _ . 

I" =~~~~~~-~~:~~~~~=~=~~~~:~~~-~~~~ =~-~~~~~~~~-~=-~~-~~~~~~~=~~---··· 
DATE DATE DATE DATE DATE DATE OATE ____ DATE DATE OATE OATE 1 

78 9 30 78 10 78 10 2 78 lô 3 78 10 4 78 10 6 78 10 19 78 Il 2 78 11 18 78 12 5 78 12 28 
---- ----- - - - .. --- ---- -------· 

-~ =~-~67 
5 

}"> :95,49 •96,_07~ -~60, 4501 •171.4661. •1172,43.88 •2150,2371 •22,2131 -208,61 •119,81 , -
Z(Ml T(Cl TIC) T(Cl TIC) T!Cl î(Cl Tlcl TIC) TIC) T(Cl T(Cl 1 

~~-~ • ._ ~ ,4 ~ • _.a,________.!" , • • .. , ____ • • •18. _ •l 1i154-.!- 6.22------------<· 
2,3 •5,80 ·•5.98 •6.07 •6,21 •6,39 •6.83 •10,13 •12,99 •15,66 •17.07 •17,44 
3.o -6,e1 --1,12 -1,15 -1,21 -1,26 -1.42 .9,31 -11.69 -13,90 -1s.12 -16.s6 
3.8 _ _ -8, 19 ---- •8,54 __ -8.59 __ , -B.60 ·-· -8.63 _ -9,SS ---- -11.22 ___ -13.04 _, '."14. 79 ___ -,15,68 _ ________ _ 
4,6 •9,42 •9,96 •9,98 •9,99 •9,96 •I0,27 •11.29 •12,62 •14.16 •15.32 i 
6,1 -11.10 -12,41 -12,42 -12,41 -12,35 -12.oe -12.16 •12,61 •13~42 -14.29 1 

l,6 __ .13_._46 •l4,Z6 ___ •-lA, l.9 __ •l't,1 ~ 14, 18 __ ~14. 11 _ _ .13. 73 _ _ ~13.46 _ _ •13,'4 •13,64 __ •14,2 i 
9,1 •14,26 •14,92 -15.01 •15,0I •15.0l •14,94 -14.59 •14.25 -14.03 -14,oo -14,21 

12,2 •15,49 •16.26 •16,14 -16.15 •16,16 -16,12 -15,90 •15.64 •15.39 -15,1s •14,98 
_ .1s~L.1.1 __ •L6,2 •l.P,2 -16.21 _ _ •16,2e ____ .,16,2s __ ,.i6, 1 'l _ !!16,05 __ -,15.09 _ _ _ .,1s.11 _ _ ...,1s.s2.... ___________ _, 

DATE DATE DATE DATE DATE DATE DATE DATE DATE DATE DATE 
79 1 18 79 2 12 79 3 14 79 4 3 79 4 17 79 5 4 79 5 18 79 5 27 79 6 12 79 6 29 79 7 16 

>------------------------------- ----.... - - ------- ------
Z(M) T(Cl T(C) T(Cl T<C) T(Cl T<Cl T<Cl T(C) T(Cl T(Cl T(C) 

,8 •23,34 •25,90 •27.24 •27,32 •23,43 •21,49 •15,65 •12.76 •8,08 •3,53 ·•l.11 1 
1.s - -21.42 _ _ !"22.16--•25.13-- -25,31- - •23,36 --•22,24 -- •18, 10 ·--•1s.10 ---12.49 ___ .8, 70 ----6,03 -----------

3,o -17,88 •19,23 •21.64 -22,13 -22,19 -21.51 -20,34 •18,05 -16.12 •14,oo •11,44 

l;.l 

·- 0 

, a___,,_ l.6.82 __ •}8, 13 20 ,29 20, 95 __ .,.. 21,26 _ __,, 20,92--•20,30--•lB, 77 _ _ .17, 10--•l s.so 1.3,3'.ll '-' 
4,6 -16,09 •17,26 -19.16 •19,93 -20.33 -20.21 •19,98 -19,04 •17,71 -16,49 •14.72 
6.1 •14,86 •15,69 -16,92 -11,65 -10.11 -10,40 -18.s2 •18,39 -11.s2 •17,26 -16.2a 

2,3 -19.49 •20,78 •23,31 •23,65 •23,08 •22,18 -20.11 •17,03 •14,90 •12,11 •9,33 1 

J i-- 7 .6- •14,69--- --15.22 - - "15.99 ----- 16,49 - •16,80 - -17 .06 - •17 .31 - •l 7 •'-4 ·---•I 7,28-----17, 13 --•16. 79 ·-· 
i 9.1 •14,49 •14,87 •15,47 •15,84 •16,10 wl6,36 •16,62 •16,79 •16.84 •16,79 •16.61 
I 12,2 •14.95 •15,03 •15,33 •15,63 •15,85 -16,05 •16,16 •16.31 •16,45 -1~.57 ·•16,48 I' 

•J r S .. 2---15 ,.3"'----"-15 • .3 15 .30-.,,,.15, 35---15 ,43--• l 5, 50____._15 ,S.9--• 15 .69- -~~::~ l-5,8L- --15.Q3 ._, 

DATE DATE DATE DATE DATE DATE 
79 7 31 79 8 17 79 8 31 79· 9 13 79 10 2 79 10 16 

- - --· --- --~,--r,c1 T<C> T(Cl T<C) T(Cl Y(Cl 1 

,8 + ,00 •,55 •l,12 •3,81 •8,C7 •10,06 
l,5 __ •4,62 ___ •3 ,88 __ -3,71_ __ •3,86 ___ •6,93 _ •8,86 
2.3 -7.72 •6,54 -6.05 •5,79 •7,30 •B,77 
3.o .9,s2 -8,44 -1,15 -1.Jo -1.09 •8,86 

TEMPERATURE RESULTS ARE OBTAINED 
- - - --~ ROMA MULTITHERMISTOR ÇABL~.~ ------------1 

fURTHER TEMPERATURE LOGS 
ARE EXPECTEO FOR THIS HOLE, 

_.~11.1~ 10, 37 _ _ ~-~ ,55 ___ ~8 ,99 ___ •8, 96 __ •9 ,47 ____________ _____ -=----.....,----------------l 
4,6 •13,34 •ll,99 -11,13 -10,so -10,10 •10,25 DND•NRC•EMR ALERT PERMAFROST EXPT 
6,1 •15.34 •14,25 •13,52 •12.89 •12,20 •11,92 •WELL SPUODED 78 9 29 

_ .7,6 __ -16,31 __ -1s,s3 ___ -15,oo __ .l4,48 ___ •13.81 •13,41 ________ -ORILUNG fO!L_, 1 OAYS 
9,1 •16,37 •15,97 •15,54 •15,13 •14,57 •14,18 •TOTAL OEPTH 15 METRES 

12,2 •16,40 •16,23 •16.09 •15.93 •15.66 •15.43 •ORILLING STOPPED 78 9 30 r•• •15,'6 •15,'6 •15,94 •LS,90 •15,Bl --- ~ 5• 
LOCA TIONS ANO ELEVATIONS APPROX, 

TABLE 4 

7 
1 
1 
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EARTH PHY5ICS BRANCH NO. 
230 ALERT -5 

DIRECTION DE LA PHYSIQUE OU GLOBE NO. 

__ .82- DEGREES __ 28 • 6- MI NUTES _NORTt-L ______ _ 
62 DEGREES 26,5 MI NUTES WEST 

82 DEGRES 28,6 MINUTES NORD 
62 DEGRES 26,5 MINUTES OUEST 

1----------------ELE.VU..l.ON-----87-MElRES------------------------------------------1 

-----------DIAGRAPHIES DO NNANT LA TEMPERATURE 
SUHMARY Of DEPTH•TE~PE RATURE LOGS EN rONCTION DE LA PROFONDEUR 

--------------------------------->---- --------------------- ---·---- ·-·---- - - - ----- ------------------- -----; 
OATE DATE DATE DATE DATE DATE DATE DATE DATE DATE DATE 

78 10 4 78 10 6 78 10 19 78 11 2 78 11 18 78 12 5 78 12 28 79 ~ 18 79 2 12 79 3 14 79 4 l 
-------- -------

Z(HI T(Cl T(CI T<Cl T(CI T(Cl T<Cl T(CI TIC) TIC) T(CI T<CI 
.0 -10,23 -11.1 0 -11,01 -10.62 -22.49 •21, 25 -20.10 .~ .-z. . .96___,,_0,5s __ ._13 , 44-,, 1s. a5 __ .. 1a.59 __ ,. 19.2.i. __ .1B . 1~ 21.s _,_ _______ zr.13_.26 •. 1 ..... 1-----------

2,3 -7.63 -a.02 -11.20 •13,84 -16.22 ~11,s9 •17,56 •19,63 -21.10 -24~86 •24,44 
3,0 -8.10 ·-B.33 •10.38 •12.73 •14,77 - -1 6 ,37 •22.16 •22.64 • a __ .,a. 85 __ -a. 99 __ . 1 o .10 __ ,,. 12. 06 ___ . 13. 71 __ -1 s. 20 ____ ------··- ___ __________ .21,30 _ _________ --1 
4,6 - 9 .82 •9,90 -10.s3 -11.06 •13.11 •14.34 •15,34 •15,97 •17,15 •19.17 ••19.93 
6,1 •11, 65 •11 , 67 •11,64 •12,06 •12,83 •13.86 
l .1,___,,_L3,25 __ ._l..3,2~ 13,0~ l2 . ~t.-,e.13,l3 __ ~13.75 

1 9,l -14,42 •1 4 ,44 -1•.12 •13,89 •13,74 -13,86 .;.14.29 •14,65 •1 5 ,11 -1s ·, 90 •16,53 
1 12.2 -15,64 •15,65 -15,44 -15,21 -14,93 •14,74 -14.61 •14.65 •14,85 -1s.19 -15,48 
j--15 . 2 __ -1 s.0 -1s,01-__ .,_i5, 12___ ... 1s. 62 __ ... 1s,43 __ .. 1s ,2f, ___ ,.15, 04 --•14, 94 __ .14 .94 __ .. 14. 95 _ _____,,_1.5. 02- -----------1 

DATE DATE DATE DATE DATE DATE OAlE DATE DATE DATE DATE 
79 4 17 79 S 4 79 5 18 79 5 27 79 6 12 79 6 29 79 7 16 79 7 31 79 8 17 79 8 31 79 9 13 

----- - - - ---
Z (M) T(CI T(CI T(CI TIC) TIC) T(CI T( C) T(C) T(CI T!CI T(Cl 

.a -6,75 -3,Bl -1 ,9s .1. 22 -1.47 -1. 02 --5.44 
_l , 5 __ .!' 23,)Z ___ -22,25 __ -10.10 __ -1 5 ,08 --- •l 1, 45 . - - -a. 77 --· - 6, 62 __ - 5. ) 5 --· •4,61 ___ . 4 , 45 _____ -s.03 _ _________ --< 

2,3 •23,28 -22,18 •19,82 •16, S9 - l~, 24 •11, 89 -9.65 -8,22 •7,12 -~ 0 64 ,;.6,49 
3,0 - 2~ .77 -21.83 •20, 44 -18,03 •1 5. 66 •13,&3 •11,65 •10,19 •8,93 -8,26 •7,87 
3 •2t ... H _ ~ L,J -~_Q. • ..!t_!L __ :!l.~, ~S- -=.16, 82 ___ ~ l 5, 18 __ • D ■ l 2 --~ 11, 77 __ ~ l O, 1+ s.___~9, 66. __ . _9, l .._ _________ ---4 

4.6 -20,20 -20,00 -19.70 -1a,a3 -17,65 •16 . 27 -14,52 •13,19 -11,s0 -11.05 -10,45 
6,1 •17,90 •17,24 ul6,10 •15,06 •13,93 •13,12 •12.47 

-~ ·-· 

__ 7 ,6 _______ _ _______ _ _____ _ __ •17,82 _ • 17.39 •16,81 __ •16.16 __ •15,32 _____ •14,éS . ____ .,14,07 __________ 1 G 
9 ,1 -16,88 •17,44 •17,59 •17.35 -17,18 •16 , 81 •16,47 •15,98 -1 5 ,49 •15,04 

12.2 -15.10 •16.12 -16 . 20 •16,43 -1~. 49 -16, 48 •16,39 •16,21 -1 ~.04 ,;.15,a5 
r1-5~1s , 02 •15,Jo •JS,4.L __ •.l5,5!t___ .,_1s,64. ___ -1s.u_~1s....z.~15,00_~~1a ~ s. . .. 1s...._ __________ --j 

1 

TEM PE RATURE AESULTS ARE OB TAINEO TEMPERAT ~R~-5--~~ T;~-~ -S -A- PA; ;.R o_•_u_N ________ .,·1 '-
>--------------------- 'F ROH A ~1ULTI THExrl IST OA CABLE, ________ CABLE A THERMIST OR S MULTIPLES, . 

f UA THER TE MPER AT URE LO GS ON PRE VOIT ENTRE PRENDRE O•AUTAES , 

DATE DATE 
79 10 2 19 10 16 

Z(H) TIC) T(CI 
, B • B, 66 •1 0, 20 ARE EXPE CT ED FOR THIS HOLE, SONDAG ES DE LA TEMPER ATURE DE CE PUITS, I r-t~---:~:n---:::;~ _______ D_N_D ___ N_R_c-~rnR -AL- EA_T_ PERl~AfRO_S_T_ E_X_P_T ________ O_ND- -- N- RC~MR-ALiin - PERMAF .. RO_S_T_ E_X_P_T ______________ _ 

1 3.0 •8,67 • 9 , 55 - ~E LL SPUDD ED 78 10 3 •OEM~ RRAGE OU PUITS LE 78 10 J 
, a___,,_2_,3 i:,___,,,9 ,9 .,_ _______ _,,.DRILLI NG FOR __ } DAYS ------------~• .ORAGE PENDANT ___ }_JOURS 

4.6 -10 , 24 •10, 49 • TOTAL DEPTH 15 MET RES •PROFONDEUR TOTALE 15 METRES 
6.1 -ll,85 ·ll,69 -DRILLI NG STOPPED 78 10 4 •FORAGE ARRETE LE 78 10 4 .. 

1 

1 
. 7, 6_ ,. 13,37 13 . 02 ------------
9,l •14, 43 •14 , 04 

------ ---------------------------------- -1 
12,2 •15,54 •15.27 LOCATIONS AND ELEVATIONS APPROX, 

·I 

TABLE 5 
,------------------ ---------------------·- ·-

w 
1-' 


