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Slli'~t·1ARY 

Dur'ln9 tiJe six-vwck period of t·1arch 1, to April 16, 1977, twenty--two 

holes \'Jere drilled from the sea-·ice to maximum depths of 60 m beneath the 
sea-bottom of the Beaufort Sea. Each of the holes, drilled with a novel 
low-cost hydraulic drilling technique was instrumented with several 
temperature sensors which were subsequently monitored as the thermal 

disturbance due to the jetting dissipated. Plastic casing was installed 

in three holes enabling seismic and radioactive logs to be run prior to 
installat-ion of the temperature cables. Preliminary results show the 

widespread di stri buti on of pel~mafrost in the sea-bottom but show addi tiona lly 

that it is highly variable in temperature and ice-content. 
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A STUDY OF SUB-SEABOTTOM PERMAFROST IN THE BEAUFORT 

SEA-!"ACKENZIE DELTA l3Y HYDRAULIC DRILLING t·1ETHODS 

INTRODUCTION 
--·~-----

The increasing pace of development in the Beaufort Sea through-the 

commencement of offshore clr"il 1 i ng for hydrocarbons ne cess ita tes a con~e­

sponding increase in geotechnical research relating not only to the 
current problems such as emplacement of silos and wellheads and the 
removal and placement of aggregate for artificial island construction 
connected with wildcat drilling but also to the eventual placement of oil 

and gas pipelines to the shoreline~ permanent bottom-founded hydrocarbon 
drilling and producti,on platforms, construction of deep-water harbours, 
the dredging of shipping channels and the identification and location of 

shipping hazards. All such developments will require not only information 
on the conventional engineering and physical properties of the sediments 

but also information on the current distribution of ice-bonding and ice­
lensing in the sediments, local sediment temperatures and thermal properties 

of sediments sufficient to determine the impact of various structures on 
those natural conditions. For long..;,term structul~es,we will need also to 

know the rate at which that natural regime is changing. The Federal 
Government is in the position of having to police such development to 
achieve a balance between the environmental safeguards and reasonable 

costs of production to best protect the Canadian people anc~ to provide 
future energy resources. A scientific understanding of the natural 
processes active in the subsurface of-the Beaufort Sea is central to this 
role. The work described in this report is offered as a step towards 

achieving these objectives. 
Hydraulic water-jet drilling has been used extensively for water­

well drilling ·in overbu1Aden in non--pel~mafrost areas, for very shallow 
drilling in pile placement and to some extent for shallow drilling in 
areas of discontinuous permafrost (Cederstrom and Tibbits, 1961). A 
simple ve1~sion of the technique Wils applied to the problem of thermistor 
·j ns ta lla ti on in onshore permafrost by Judge et a ·1, ( 1975), Further 

development of the technique led to the system designed to drill into 
the sea-botto111 from the natural platfonn of wintel~ ice. Judge et al, 
(1976) used the system to clr·ill five ho"les into the sea-bottom of the 
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Beaufort Sea shelf to depths of up to 60 m int6 which thermistor cables 
were installed to investigate the distribution of permafrost. The current 

drilling programme, using a further ·improved drilling system, represents 

the first attempt to achieve high rates of production and to place plastic 
casing in the holes, thus permitting additional downhole geophysical obser­

vations to temperature. 

SURVEY AREAS 

Two areas were selected for this season•s survey~ (see Fig. 1), 

Shallow Bay~ in the v·ic-inity of a pl~oposed gas-pipeline crossing, and 
north of Garry Island,v1here seismic ve·locities have indicated anomalous 
sea-bottom velocities (Hunter et al, 1977). 

Two "lines were sul~veyed in the Shalloiv Bay area, (see Fig. 2), hole­
spacing was chosen to delineate the relationship of the top of permafrost 

and permafrost temperatures with the receding SW shoreline. 
Line A was surveyed over the two drill holes of the 1976 (Judge et 

al, 1976) season at the entrance of the Tiktalik Channel. Two holes on 
this line adjacent to the 1976 holes were offset to examine lateral 
variations of permafrost. 

Line B was positioned 4100 meters downstream from Line A where rapid 

coastal recession is also in evidence. 
Both lines were surveyed from the present shoreline;·angles were 

turned by sun shots and transit. Estimated survey accuracy is +5 m. 

Line A was tied into Northern Engineering survey control baseline for the 
pipeline corridor. 

The 1 Netserk• line, north of Garry Island was positioned from the 

I.O.L. drilling islands Adgo J-27, Netserk 8-44 and Netserk F-40 (Fig. 3). 
Angles were turned by sun-shooting with a transit at each of the islands 
and chaining began at Adgo J-27. Estimated survey accuracy is +50 m along 
the line. 

ITINERARY 

An advance party (Neave and r~ac/\u·lay) left OttavJa for the~ Polat~ Continental 
Shelf Project base at Tuktoyaktuk on Febt'uary 28. 
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Equipment and supplic::s vwre assembled at Inuvik and Tuktoyaktuk ~1arch 1-3. 

Deployment of equipment to Shallow Bay by road began March 4. 

Main party (Hunter~ Judge, Collyer, Allen, Gagn{~ Burgess) arrived at Tuk 
~1arch 5. 

Drilling deployed and surveying done in Shallow Bay by March 13. 

Drilling, logging and installation completed in Shallow Bay, March 28. 
(12 holes). 

Camp moved to Netserk line by aircraft, March 29 - April 4. 

Drilling and thermistor cable installation, April 5- April 9. (10 holes). 

Camp moved back to Tuk and packing up completed, April 15~ 

l~ain party returned to Ottawa, April 16. Judge and Burgess remained to 

monitor installations. 

Monitoring and site clean-up completed, April 30. 

The Shallmv Bay camp was deployed by truck using available ·ice-roads 
and VJas re-supplied by air from Tuk (PCSP Bell 206). 

By t,1arch 28, all ice-roads in the area were blovm in so the camp 

was moved out by a Single Otter aircraft (casual charter). Because the 
sea ice along the Netserk line was too rough for landing) the camp was 
flown to a prepared strip at I.O.L. artificial island site Adgo J-27. 
From there the equipment was moved by Bell 206 (slinging), snowmobile and 

sled along the Netserk line. Two camps were set up, one at each of the 
Netserk drilling islands. On completion of the Netserk line, both camps 

were moved back to Adgo J-27 by skidoo and sled and from there to Tuk by 
Twin-Otter aircraft (casual c:harter). 

Air temperatures in the early weeks of the program ranged between 

-30° and -46°C, but moderated to -l5°C towards the latter part of April. 
Blowing snow and white-outs caused 6 non-flying days, however, since 
aircraft were not integral to the daily drilling operation only 2 days 
total delay resulted (during camp moves). Ice conditions limited the 
seaward extension of the Netserk line as the shear zone (edge of shorefast 
ice) was found to be unusually near the shoreline - approximately following 
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the 10m bathymetric contour. 

Netserk drilling islands. 

Rough ice was encountered between the two 

DESCIU PTION_Qt::__QRI.!J-:JNUQUI P~1ENT_ 

Mark 3 Wajax fire pump, 300 p.s.i. shut-off. 

Wye valve 1 l/2 inch I.D. 

Pressure gauge 0-400 p.s.i. 

Longear B 25609 water swivel. 

Light weight aluminum tripod, 13 ft (legs in two sections) complete with 
hoisting shecwe al\d hand winch. 

10 foot, 2 inch I.D. suction hose with foot valve. 

10 foot~ 1 1/2 inch I.D. discharge hose (pump tent to drill tent). 

5 foot, l 1/2 inch I.D. by-pass ,hose. 

15 foot, 1 inch I.D. swivel hose. 
L-6 llurri tent (pump she ltei'). 

L-8 Hurritent (drilling shelter) with a tapered rectangular sock which 

velcros to a roof opening and accommodates that part of the tr-ipod 
which extends above the roof line. These tents are manufactured by 
Warner Shelters of Winnipeg. 

One 35000 B.T.U. Coleman oil stove to heat the drill shelter. 

One Genel~al 51 power head with 10'' dia. flighted ice cutter and 10" dia. 
flighted extensions. 

Most of the above equipment was available from E.M.R.•s field store. 

DRILLING PROCEDURE 

At each site two 10 inch diameter holes were drilled through the ice, 
spaced about 12 feet apart. The pump and drill tents were positioned over 

these holes and the tripod and stove were installed in the drill tent. 
To guard against icing, no start-up was attempted until unit, hoses and 
other accessories were brought to temperatures well above freezing. When 
warm, the pump un·it \vas removed to the unheJted pump tent and ·,,-11 hoses 
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and accessories quickly connected. The pumr \'Jas then primed and stal~ted -.s 
with the discharge by·-passed into drin hole. After the ·drill pipe was 

lowered to the sea floor the swivel was connected, the Wye valve was 

S\'Ji tched from by--pass to the svri vel and jetting (or washing) commenced, 

adding the 1 inch drill-pipe as required. Slow rotation of the pipe 

string seems to increase the penetration rate through most material, although 
if this is not always the case the person doing the rotating may at least 

experience some sense of achievement. 
When jetting through unfrozen mate~ial, washed samples are usually 

obtained from return f"low up the pipe immediately after the swivel has 

been disconnected to add a further length of pipe. This return flow is 

thought to be due to overpressuring of the formation. If the return flow 

is not interrupted the pipe string may fill with washed material and 

circulation may be lost. By sacrificing a large sample this problem can 

be eliminated by stopping the return flow while a new connection is being 

made. This was done by one crew member placing his foot over the open 
pipe. Various bit and jet configurations were tried with no perceptible 

advantage over the normal open pipe end.· For holes drilled to 200 feet 

pumping pressures ranged from 75 to 225 p.s.i. 

During drilling the time taken for each section, or half-section for 
slow drilling; to advance past a set mark is noted as are comments on the 
"fee·lu of the drilling e.g. bouncing of the pipe. The individual drill 

logs for each hole are given in Appendix B and the drilling rates plotted 
in Appendix A. A combination of the sample appearance·and the drilling 

information is ~sed to construct the lithological logs shown in Appendix 

A and summarised as simplified cross-sections in Figs 4 to 6. 
CASING PROCEDURE 

For thel~mistor cable installation only the one inch I.D. jetting 
pipe was left in the hole ahd served as the casing. To ensure that the 
pipe string was clean throughout, pumping was stopped and the pipe pushed 

firmly into. the bottom of the hole at the desired total depth. Where 

geophysical logs were run, two inch I.D. P.V.C. Schedule 40 plastic casing 
was installed. ·The P.V.C. casing was installed over the one-inch drill 

pipe which acted as a casing guide,and the 10 foot sections were connected 
w·ith slip-on coupl-ings cemented with qu·ick-dry P.V.C. cement. The cas·ing 

was hand-forced to refusal usually short of the total depth drilled and 

the one inch pipe pulled. After the logs were run, a themlistol~ cable 
\'l'as installed. 

Dorn-X /\13S Pump.line drop tube, (2 11 x· 10 1 thn;aded sections) later 

became Clvailab"lc~ but was not used. It is anticipated that this casing 
could be connected to the pump and \'.'ashed down over~ the i1~on p-ipe with 
lm·J IW0';<;tn~r,c:; dm1n i-11 i'lw tntrl.l denth dr'·il"led. 
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LOGGING PROCEDURES 

The three drill holes Hhich had been successfully cased Here logged 

with seismic uphole shooting and radioactive tools while the heated drilling 
tent Has still available for shelter. For seismic measurements, blasting 
caps were exploded under the ice in a hole offset 15 feet from the drill 

hole. Arrival times were recorded on a Nimbus seismograph Hith stacking 
capabilities. At each recording station, the three-component geophone 
was locked to the side of the hole by an air bladder inflated from a 

battery--operated pump at the surface. For the radioactive logging: a 
dens·ity log (gamma-gammaL a poros·ity log (neutron), and a natural gamma 
log; stations at two foot intervals \vel~e read to give effectively continuous 
coverage of the hole. 

TEI'1PERATURE ~1EASURH1ENTS 

Upon completion,multithermistor cables were installed in 21 of the 
drillholes, 12 on the Shallow Bay and 9 on the Netserk line. The cables, 

a total of 36 \vhi ch were used, wel~e manufactured prior to the commencement 
of the project by MacGregor Electronics Ltd., of Carleton Place following 

construction specifications described by Judge (1973) using YSI 44033 epoxy­
coated thermistor beads. Two thernristor configur·ations were specif·ied; a 100 

foot cable with.12 sensors designed for use immediately below the sea--bottom 
with closer sensor spacing in the upper portion and a200footcable consisting of 

100 feet of 10 evenly spaced sensors and 100 fe~t.of.blank cable. Deep 200 foot 

holes were instrumented with two cables strapped together, one above the 

other, whereas shorter holes were instrumented with 100 foot oY 200 foot cables 
depending on the total depth reached. Spare cable was simply coiled at 
the surface. Installation was quite straightfon'/ard. Upon ,completion .of the 

the hole a 2 foot long, 0 . .5 inch diameter steel vve·ight was strapped to the 

end of the cable and the cable lowered hand-over-hand into the casing 
until either the ~eight touched the bottom of the hole or all of the 
sensors were in the hole. The number of sensors in the hole and the depth 

to the f"i rs t were noted so that the clej)th dis tr·i buti on of the temperature 
measurements was known. The thennistor resistance of each senso1~ in every 

cable was measured initially at daily intervals~ using a high precision 
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portable Wheatstone Bridge similar to that described by Judge (1973), and 

then at progressively longer intervals for periods of up to 6 weeks. 

During that period,only 3 out of a total of 370 individual sensors failed; 

however, 4 complete cables on the outer part of the Netserk line failed 
completely after a major storm from the northwest which presumabiy moved 

the sea-ice sufficiently to break each of the cables at the sea-floor. 
Thermistor resistance was converted to temperature aft~r a small correction 
for cable resistance using computer-prepared calibration tables. The 
resulting temperature curves showing the variation with both temperature 
and time are shown in Appendix A. Variations with time,except near and 
above the sediment-water interface,are largely due to the dissipation of 

the thermal eli s turbance caused by the jetting process i tse 1 f. This rate 
of change with time can, however, reveal much information on lithology and 
ice-content. Once the holes have returned to the natural undisturbed 
temperatures or sufficient data has been accumulated to predict those 
temperatures, isotherma·l sections can be dravm such as those shown in 

Figs. 7 to 9. Such sections show the spatial variation of temperature 
and hence the present natural pennafr·os t d·i s tri but"i on. 
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PRO,n2CT COSTS - SPRING PROGRA!v!ME 

Logistics Sunport 
-·--~----~:__ __ _ 
Location Costs ................ $ 6,000 
Ottmva to Tuktoyaktuk 
(8 persons) 

Aircraft Support fjxed wing 
- helicopter 

Expenses 111 transit . . . . . . 

Dri1ling Prog!amme_ 

3000 ft. of l" i. d. water-pipe 

1,000 ft. of plastic casing 

36 mlll ti thennistor cables . 

Incidental equipment purchases 

Food for drill-camp ... 

Fuel for camp and d-rill . 

,_fot~a.l . . . . . . . . . . . . . . 

. . 

. . . . 

8,500 
24,000 

800 

$39,300 

$ 4,000 

1,800 

10,000 

2,000 

3,600 

850 

$22,250 
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During the period of 1 March to 16 April a total of 22 holes were 

drilled and monitored at 8 cost, excluding salaries, of $62,000. Excluding 

the cost of the logistics support the cost of each hole including the 

temperature installation was $1,000 per hole exclusive of salaries. 

Inclusion of the latter increases the per hole cost to $1,300. A total 

of 2,950 ft. of hole was drilled at a cost of about $8 per ft. exclusive 

of salaries or $10 per ft. when salaries are included. If logistics 

support is included the cost of drilling and monitoring the sites rises 

to $23 per ft. 

·Ac.knowledgen'lents 

This project could not have been conducted without very generous 

logistic support fTom the PolaT Continental Shelf PToject and partial 

funding fTom the Oil and Mineral Division, Department of Indian and 

Northern Affairs. To both of these groups we offeT our grateful thanks 

for their confidence in us. Very many individuals from goven11nent and 

industry assisted in vaTious phases of this project and we offer ouT 

thanks to them also. No list would be complete vJi thout thanld11g Martin 

Smith of D. I. N .A. in Inuvik for his continued belief in and support 

of our pTogrammes. 
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APPENDIX A 

Lithologies, Drilling Rat~s, Temperatures 

and .Other Geophys·i cs t~ea.surements in 

I· Boreholes 



·;:, 

,_ 
"-

"-w 
c 

() 

20 

LO 

60 

eo· 

100 

120 

14J' 

1GQ 

13::J 

2GD 

DRILLING RATE (rliN/METER) 
10 20 30 40 

-~-. .....,..,.,.,..,_. _,_L .,....~-:-.,.~= .. ;=_ . ·""'"· :--: :.,....· ,--r-,-; -----~-_,----~--~ ~-;e - -----,---
! · ~--\Voter 
~ . ....... - - -:- ~ 

1 -- · --- ··· ~Silt 
l ···-· . ly;~ ... -

~· ,;.:· Top 
o__ 1~;\4Sil! B Sand 

V>··/~ 

_________ 7 7 -:T -·c.J '·------co:··--· 

. i. 

of Permcitros_i_ 

, I 
'. :.! 

~-- --T-:- :-:----:1 

·-- ____ ;__ , ______ _:_ ___ . _:_: ___ ; 
-10 

,1. ,' 'l 
- ----~---:---··---· ------------1------1 

~·• ., _w ___ , .,.._,_..._.,_ .. _,, ...... _,_,_, 

- -· --- ·--- -- ·-- ... ___ --~---·'"--..;...... ........ 

TEMPERATURE (°C) 
-1.0 0° 1.0 

~ (/~J 

- ;-:~-l;g·:~:,~::::;-·.; LT ; i···--,~ 
··--·--·- -- -- ··---------·. s -~ . . ·:---·· -'-'-'--!.-~'~--"···'··-'·, : . ·.' 0 . . . ' 

. ' 

l!.. J. ! : .. ~ + ~ ~ 1 X 

~·o~_E0\y/+ • 
t .• i/· TfO : Q . ·: ' ' 

0 ' 

I 

... : . - .:so 

~-----L-'--i---~60 
' 

! 
·j 

. --------~-----L......_; ______ . ___ . -· _ __;__ _____ . __ .,:___ ____ _:.;__....:,.-~ _ • .:..: • ...!. •••.. : _________ : ________ _L ___ : ___ j 

<::> 
rn 
-o __, 
::r: 

80~--' .. '·· 

100 

: : ~~0 r:) 

-30 

: ~ : : : . : . ; : 
------·:--·:-·------:------~---.;._ ___ : ______ ~-----~----_;·-·-··-~ 

---,--'-'-':'·-'--.,---+'-:-cc·i___;_-! _ ___;_:c-;----'---~---'---+--"----7----,--,----'- --'------ J(- 14 I 317 7 --: ____ ___:; 
o-22/3/77 . . 

-- 7 I 41 7 7 -·--·--­
f- 13/4/77 

.-:-':-'-!--'-'7:-'-i--:--'---T-:-:---+-·-'-'-·-+--:----'---'-:-'-;---,----'-'---"----'---...:.......-:. _ _;___;,.. ___ '!' --· 30/4/77 ·---- --

.... ·- --------.--

;;: 



0 ... 

~r. 

L·" 

t.D 

t•~) 

2:J 

,_ 
L- ·;.::; 

::.: 

~ ~0 

1~J 

1,..0 
''":; J 

.,t"ir 
iS.J 

2'}J 

DP.ILLI~G R.t\TE (i•:IN/:~·:ETER) 

I 
0 

1 
r 

0 

! 
i 

0 

, _________ :o 

. ... . .- ~-~ ''-~ ~r~y~l ~~:t-~: -~-_
3

_~ i-r _;.2 --=L~:._;~----r-~ 
~I ---

~""" SH; 

~ • Too 

~ iO .I 0 
i 
i 

~~"" 
/ 

0 

\ 
\ /0 

0 

""'""' .... . "-o\. 
0 

. ~-
---------- . 

0 

I 
I 
0 

~· ···-···· 

.. [~ 
~
! ~Cloy 

"I 
~~··· 

R'1Ciay 
~~, .. 

~R:;-'stiff I . ~"I • 
~ ""'' ~< 
~I I . 

~,I - . 
~"-1 ' s- k.:.;: 1 Sond, Un bonded 

_______ :._ __ j ___ : ____ . ..:....:.....:.--~---~-:..:.: _____ ~------: J ___ __:.;_;_ _____ l 

CJ 

"' 
~ 

40 

~-.,.,--,,·-. ,--. _::_I,_O_ TEMPERATURE (OC) .. .. .,---·---- -·· oo 1.0 

•• J ····· ··- . -
''•+ -~ - 7 7:-T:.--.2 

1------.:_ .· ... 
, ... ·~; .-

·- ~,·A· 
I 

.... ----

1 --- -···--·· -- . < .-----.· ; ;,.-10 

/ •• ~·p . 

.... ;•'} A I - -· ....... . 
i;~)~·. I ..... . 

1-' ' -·- -- . . . ';""+ A -. . . "I 
l..L.. l.· --r----· ~'oo~ ... ~L.~_j' I , , . ········ . i 
;3 , .. -- . - !' t tJ. ........ --

"0 :- ->·, . -. -· - I 
/~ A . 

,.c!_ f' • j 

i-/f A 

:: ,.).!\ 
! ,. 

160- \ 

-20 

0 

-------~-- -30~ 

;:: 

: "t .A 

~- \ \ -so 

------- ·-----------

·1 · cc;-c ;~ --: .:,.~ .. .:.'::':·-:-~--=:--=~---= 
I -----' ------~- .. --;·-~- A - 29/ 3/ 7 7 . ---- •--- _; 6 0 

'-'"~-' ·--' .. l .. l+_:~· .- ~~"~~=-t = ~3~~!~ ;; ... ···-: 



0 
0 

j 

\ 

20 0~0 

/ 
0 

co \\ 
0 

i 

10 

60 0-------0 

,_ 
"-

8J 

-iJO 
;::: 

c. 

120 

1~0 

150 

180 

zoe 

\ 
0 

/ 
() 

\ 
0 

\ 
0 

I 
I 

0 

\ 
0\0 

DRILLiNG RATE (!WUt':ETER) 

Top 

20 T>\:?-] Ice ___ 30 -,--~:~----,-;---~--;:-- 40 -,----] 

uwater 77-:-T-3 _ . ___ ; 

~
Loose Silt ' 

' II Stiff Silt . ·- - --

//1 10 I/ /I Loose Si! t 

~ s-\Oj· of Permofrost-1(:). Silt Send 

sJ)'::; 
!·.:;.·.:lstlt Sand, Ice Lenses 

!71 

~"" 
I~ 

/. Silt 
------ -- --- . 

~~= _ Silt, Ice Lenses 

I/': W•ll ''"''' C:' I _,,,t, .ce Lenses 

..lzo 

i 
I 

l3o 

--40 

-50 
___ j 

--, 

-.60 

I 

0 
rrl 

" ::! 

;;: 

~ 
!.!.. 

:r: 
I-

C.. 
w 
0 

TEMPERATVR E (°C J 
-1.0 o• -,----,-- 1.0 

.; ·-. 
________ 7 7- T_- 3 __ 

-------· . . . --- +o ----_ ~--__ ... 

-10 

0 
m 

~ro ,.,_: .. 

__ . _....f---"'~ - -- .• - -2.0_::; 

rzo~Lj--­
! ·-

.~· 
'·/ '""+ 

.. :. ;. ; I • ! 
:-- /·· ~·· ~ 

: ---· ; I 
--!--~--;:. +, • 0 ~ ---- i j 

·+· i ·:- - - •-c- I 

::;: 

:;;;: 

-30 

, r --- -- 0-l)- I r ... ? I 
.!. I 

---40 

I 0 -:-
140,-' 

I_ 

... -------~---·-- -

-;-------,-·-----;------· --·----------'----------------'---~-----' 

----··· 

i--~-- --:-- -~--:--·! --:--·+·-----~·-·- ·-· -··--------------:-----:--- --:-- ---:-----:-----:---·-----
\. "I ; 

r.r:-~-,--:~~-; i.: ---:--------,---•-·--'--.-·-_ -·-~~~~~;~;~-· ---_---
f---'----: -~--·-· : , : -e - 7 /4 I 7 7 --'------~ 
L_:__L_1 _j_~_:_~~-L-~~L--~---: __ : _ _:____j__~_:_:__ ; -=- ~ ~~~ ~ ~ . 
1-- ··: 

[_~: ___ L__l ~: _ ~--~-1~-----~--T~-~---------~----'-·_: _____ . 



"' 0. 
0 

<t 
~ 

?-
<t 
t9 

r·--·- .. , --

1 ! 
I · i 

i ~ 
I i 

['-' 

i 
I 

0, 
tO 

I 

0 
I{) 

0 
<.;)" 

I 
! 

i 
I 

I 
.. J 0 
<t t() 

0:: 
::l 

~ £\\ 
0 

0 

"' 

0 

r , 

·;·­

' 
! 
! 

DE:: P T H (M.) 
0 

.--· "'· I 

- .~ .. : _: ·:··-·-

0 
t0 

.. 1. 

·-·: 

; : ' 

.. ···•·•···• rNr 
~~ 

~ C> lO 0 

( .LJ) HJ.d] C1 o:> 

0 
0 

0 

"' 

0 
<T ., -- ., 

I· 

i 
i 

' ~ - . j -· 



:?: 
2 
<( 

0 
I 

<( 

2 
:?: 
<( 

0 
0 
0 

J'l 
J 

0 0 

"' 
0 

DEPTH(M.) 
0 

"' ~--- 1 ·1 -r-......,....-~,-----

10 

v· 
0 0 q· 

(".l:J)HJ.c/~0 
(<) 

''•: 

0 
f() 

T 

0 
0 

-~ 

i 

/\~\. 



I , 

z 
0 
0:: 
1-
:::l 
w 
z 

r
--Tc-·· 
. i 

r i 
I . ' f. , ... 
I 

() !0 

~f-- f~ 

0 
0 
(\) 

0 
() 

1'-
1'-

I 

0 

"' 

DEPTH(M.) 
() 

"' ---------,-- -- -,- -r 
! i i 

i . 

0 0 l{J 

<J· - 0 
('l:J)HJ.dJ 

0 
ro 0 

2 
0 

'" 

. ' 

., .I ··:. I .. 

I 
' I 



0 

o' 

DEPTH ( M.) 
0 
N ,- -, 

0 0 
l•'l .s· -- ,-~ ~--------:-r·:·-:--~-- • -,----1 --------,----: --.---~ 

~~ ± 
I r-- --! 

Lf) 

'l 
0 

-:N 
0 
lJj 
(f) 

' 
"> 
5<:~ 

>­
I-
0 
0 

~<=! 
> 

! 

i-

' .i ·-

I 7• •. • -0-~-· ! :y: I .-

' - , __ 
o- : 

- -- - ' 

- ' 

0 
N 

0 0 
<;t <0 

( '.l:J ) H .1. d ::1 0 

0 
ro 

0 
0 

0 
N 

t 

I 
I 
I 

I 
I 
' I 
i 



DRILLING 
0 10 

0 

I 
0 

~~ I 
Lv I 

40 
'~,~ 

6J 

pr. 
~" 

t:: lCO 

;::: 
c._ 

'-' ;::, 

120 

140 

16~ 

180 

ZO:J 

0 

I 
0 

I 
I 

0 

"0~· 
/ 0\ 

/ 

0 

RATE (iUN/i1ETER) 

20 --- 17'7'?1 ' _____ 30 I ·-,-4\L __ , -l 
~·ce · : · ; V/IWcter .. 77" L-.. 4 __ .. ----· _, _____ j v/ Silt · 1 

Wsond& Silt ·---· ·----! 

~~'!:, oiPocmohoo> ~··i .•. J10 

~ 
~""·."" '""'" 
1//1 ... ' 
~//Silt r /1 ... V/1 .. i2 .... 
' / 

~ 7-: I Silt, Ice Lenses 

WI Siit,_lce Lenses u . 

- ~---. 

--:20 
i --- -·-; 

.,.,r, 

.30 

Cl 
rn 
'0 
-l 
:::c 

:;;:: 

....:40 

. -,50 

' . 

fl 60 

·j 

·j 

~::_1.0 TEMPERA 
-~~~~~~1.0 __ ~~~~~~ 

l 
1.·:.' · r .TURE (oC) 

. :1 ) -r-- r 
'+ ?"' .. ~·····---'-I .. : . ! ~ ----------- ?.7.:-T;4 

40,~- l_ -- : ~·~. ~ --

i • 
L-·-' 
! . ~ 

-------------
! 

20'- --:-~,... i 

.. ! 

!--L .. i - , ....•.•..• / 
._: 60

1

- : --c-- -;- -___-~---· - -"'-.:9•7. •. .. . ....• . .. 
:·--. -- ···-·-j- ·--·---:--·--:-·· 

-lO 

0 
rn 

lJ.. -- --· I I .. 
;; : ·- ---- ~--- -·-/ .-+. -<~~ I 
~ r- _ _, _________ : 4 , 
w I : I ' ... _:4 l 

-20~ 

0 80:-·--·i----< -- ,y. I * 1 

~~-:--j-·-·T ·~ : 
10 I_ i I -*I 

0 -----'· l • I •,~ • . ---· I .... -. -ll-o -30 -- -· -------- ___ :._ ___ ..:_ _____ ;_ _____ _ 

i' 
:.,_ __ ;..._ . ..: ___ .L.......... __ 

: 

r·····. 

·---
; 

···--···-·-- --
I 

- ·:--1----:---:----:---:---- ·----~ -----------

L _ _: __ 
I . -----.---. ---.. -.------__________ _,. 

' ·.I I 

0-22/3/77 
·;---C.-~-,---:---·-,. ---,-··'-..,-·-·'--·'--,----,.·---7--'---.,-'----··- 7 /4 /77 --'--------·--: 

------------

------~----

---

;;:: 



\ 
i 
l 

0 N; w . 
(f) 
-..... 

>· 
~-

(.) 

0 
_I 
w 
> 

\ 

0 
(\) 

i 

.I. 
! 

l, _!_ 

(

. ~ 0 
.l.:J) IUd]O U) 

... !. 

0 
co 

- -~ J ____ _ 

. - i 

.I !-· 

,. 
I 
i 

i 
··j·· ·j 

I I . +-··J . 
' I 

I 
----j-·· 

' - _L._ 



'" n. 
0 

I 

I 
I 
L <j" 

l-~~ 
I t: 
L 

I· 
o· 
0 
r<) 

I 
I 
I 

z 
0 
0.: ' 
t-8 
::JN 
w 
z 

0 d 
0 

0 
(\j 

_;_-

0 

DEP~H (M.) 
(\J 

,.T 

- -·. ! ~ 
I 

-.) 0 

( "LJ) HJ.d:JO w 

0 
ro 



(9 

0 
0 

0 

o DEPTH (M.) 
- 0 
~---r- -~ ---; {· 

·--I 

··--! ! -

0 0 
N v 0 

('.LJ ) H .l cl ~I 0 ID 

0 
(1) 

L. 

-1 

1-'-, . 



o, 
10: 

en 
n 

! 

u 0 
v' 

<1: 0 

<.9 '" 

_J 
<1: 
n: 
::::J 0 
~-- (\1 

<1: 
z 

0 

"' 

DEPTH(M.) 

""""!" 

0 
\1 

( J.::l )HI J'J "c : 0 

0 

"' I 

0 
lD 

T-

0 
((l 

--~--~r--~---r-

I 

i 
: 

-f 

I 
' 

! 
i 
I i 

I 



0 

0"'0 
2G /

0 

c 
I 

0 

' 0 
,.,..._o 
-:..., i 

0 

6 
' 0 

0 
I 
0 

' 0 
I 

6 
....,,... ~ 
c~ ... ~, 

\ 

' 0 
'-o 

! ~ lCI~ 

0 ---------- 0 

~ 

120 

WJ 

:so 

l o~ uJ 

~"" L-.u 

~ o-......_ 

l 
0 

/ 

o---..____o 

10 

DRILLiiiG RATE 
20 

(iml/1·1ETER) __ 40_ 

Water_ 77-T-5 ------~
!ce ____ 30_-,-~: ,~. ' i 

/1 --- - --

~sn· ..... • ···-···: j 10 

. ~ 
;().J 

1;:1: , I 

·~ 
I~, -----
-1~ Slit 8 Hard Lenses 

i?/1 . 

~-
~""a Cloy S-~_J 

··--- r· 

. -------· -~ 

...! 20 

...: 30 

0 
rT1 
"C 
-i 

::;;: 

-40 

...: 50 

i 

j 
-I 

__, 60 
-. - . ~ 

-----1···----~-----.:------:-·-~ ----------------· 

.·i 

TEMPERATURE (°C) 

"'t""i ___ "t"' __ "'_,_-_,l_"'_-. --,-__ .,; -----,--~i~U----~-~~--~~--~io: __ :_~----~=--r?~T~
3

~
0

------,~---__ -__ -,-_.-

~..: 
! . ·I ... , 

20 r:--1 --,--~---'-:~---. ~------· 
1----;----,---:--. -'------'------7-------' -----,--

i . : . _-IO 

40---c----:- ---'------,--'----:--------

----------- -- ______ _!__ __________________ " ~ 'I' ' 

- ...... . / .. 

~ 80 _ -E ~~f? ~- -... -==20~ 
--------/' . :;:: . ---- ----·---- ---

! 

'-------'-----------

120 ~ __ j ____ , __ 

140i 
I 

L _ __: _______ ------ ------

-·-- 0 ~ ~ 

0 .:/ ----; 
.. . :y.?_ _.....=- ----· 

•1/ -

- ------

-------· ---------- -----------------·-· --·····-··-·· 

-30 

; : : : : . : :· . : 
-·-··;--- .~---:---··-7-----·-:----:- -:--------~ 

----'-------- ;-----,--c_----,----,-;--'-----'---:-----'--,---------,-,--;-,------'--;----- o - 23/3/ 7 7 ----· -· -: -~___: 
t-24/3/77 --; 

f---,.:--+-:---;---'-·c-;----,-T--c----,---'1------'--,--'------'---'--'-'-'---_;-'-:--'--- - 3 0/4 / 77 ------· 
_. __________ : ...... ...; 

r---+---' -· --,----~~--~---.---C----,---·-·---. -:----. --'---·----;----------,----
I • i -



0 

20 

0 

\ 
/ 

4(}! 
! 

" \ 
i 
0 

6C I 
c 

8~0"-. 
"'-.., 

DRILLING 
10 

b-_c~ 

---
2 =. ;c,; 

0 

I 

0-------0 
c.. 

0 

0~0 ----0----0 -----0 

:.::u 

14·J 

160 

12J 

2CJ 

RATE (1-Hil/f~ETER) ~O 40-----~------, 
20 - ,-----j ' - ' - Vllce . ...,oter ~ 

~ 
- 77-.t-6 

~Slit 
t%1
,' I/ . i/j 

~ ~Silt a Clay 
"~I 
!-J~?.:] .. 
/ I Soft Clay 

i-<::::1 Top of Permafr~st 

~~ Stiff Clay 

I~ 
I~ 
~~Ice Lenses 

!~ 
~Stiff Ciay 

101 

--- .. 

I 

~ - '. -

I 

-: 
~ 10 

-" 

-~ 20 

---' 30 

-- . .i 
C1 

"' " ::! 

_ _;40 

_j 

....:so 
I 

i 

---'60 

--i 

[ 

:r: 
1-
0.. 
w 
0 

TEMPERATURE 
-1.0 0° 

t:· ___ :: y· ~--·! - .. ;:: __ L :(~----~~----
L __ ~--- ------ ---------
~-- I .. ' 

!•---- -
20 l._ ---~-

L 
! 

I 
I 

I 

(OC) 

1.0_--,--,-----,--;--1- --------

77-T-

i ' 

I 
I I ----- -- -- - -
~·-·-;_/·~· 

-~··~· -80 -----~--
~- ;./ .I ... ·········· 

100 ;-­
I 

12.0 

i 
I ' ,---:-~ 

'-/T e 

- :_-_ -~;:· . ' 

/-----•-
i 

140 '-

1 -;· -

' ~· 

I 

i 
" i 
o I 

I 
I 

0 

--------

-----
j. 

'C-23/3/77 
<>-12/~/77 

-------i---,-- v- 30/4/77-

-:o 

0 
n 

-2C3 

:;:: 

-30 

-~0 



>-

:::.. 

DRILLH\G Rr'\7E ('':IN/METER) 

0 10 20 ________ 30_...,--;-~--,- 40 

~
Ice'-~ 
Water · -: 

0 
I 
, ____ 0 

------20 ~ .............. 
0 

0~ 0~0~ 
0 

tJ 

6C 

~0 

0J 

!GJ 

~2C 

140 

1GQ 

130 

2GO 

/ 
0~0 

/ 
0 

0 

\ 
0 

/ 

0/ 
/ 

77-T-7 
I//' ·' 

1F!rm Silt
1 

~~Loose Silt 

cTop of Permafrost-~ - 10 

~Bonded Sllr 

·.) 

~~ v), 
...; 20 

Slit, bonded 

-: 30 

;;::; 
-~ 

::;:! 

~CeQ 
.I 
! 

__ j 

..; 50 

. .; 

1 

·-· ---: 
..: 60 

. --~--"-"" 

TEMPERATURE ("C) 

~-,-_-1.0 
L~.: I ... [ 
! 

1.0 .,-----,---1 ... o• 
I L.:~:;:7_~-~-

. 77-T :- ?. ___ _; __ 

20 '--:-c.: .... :. ... 1._, .... :-... :.C.: .. ..c.o._; __ -· 

I 
I I ·--- --- --- ------~---- ___ : __ ----- _____ .:.._ ____ : ____ --------------------

i-
/':

0 ~ 

' ~ 
I -- o ..... i . • :---· 0 --- ... --

• ~¢'::>~----- ---

. -~ .. I -- ---

-10 

40 :--.. __ ; ___ ,_ 

··:-·----------- --:-· 

0 
/. ~ .·· 01 

, ./· • - -- --, - 0 I ..,: 60-- ~ 

-203, IJ.. 

:c 
1-
a.. 
LLI 
0 

120, 

:··, • ·: -- -- I 
, ... : \ .. : . 

;'. - -. l 
r ' o" ---- I L .. ., 

/. I 
-30 

' .. 

- ~--:---,_---:---7- ---

0 

I 
, I 

-;-------·--:-·---------: 

. : . : 

---~~-=:: :-.=:~ __ ,_:=~=:--=i:~: ~ ~~~~~ ~~ ~-~-'------
----....--'-------'--'--··'f- 3 0/4/77 .. ---·----~ 

. . . 
. . : ... : : .. : :... - ---- -- . . ; 

-' ·-· _j ___ . ____ J_ ___ , __ __:__ ________ -~-~---__: ____ ' ___ :__:_ __ : __ ~----~--~ ~------~--~· ---~----· 

40 

::;: 

;;: 

--. ·-·------ ... ~--- ._.- --- ~--- ----



u 
0 

. i 

' <D 
I 

.1-

llEPTH(M) 
0 

\ 

w 
0:: 
::lo 
!:(o--r, -D-

0:: i t• 
w 
Q_ 

;;;: 
w 
1-

~-------, 

I 
i 

:;r-

,,_, CJ 

·- ('-J ;;_; 

- <D -

0 
(\) 

0 

--,---- . I --

0 0 ..r w 
(:l:J) Hld30 

"' u 
"' u 
c: 
0 
ro 

c,o-o--o-o-o-o-o-o/
0 

C) ;,:-) 

6-J ·-! 

0 
(') 

I 

i 

. '---~-_I_ 
0 
<0 

g DEPTH (11) ~ 
- --,-·---i ----- ·- - -----,---- -'I 

(LI) lild:JO 

CJ ., 

0 
<0 

·-r·---~ T- ,--

i 

0 
1..0 

0 
<.') 

0 
'-0 

i-

1 

' 

- ,----~:·--·--;--. 

C) 
L) 

N 

·! 

,\ 
:l 
d 
:I 

-i 



G 

2J 

t:; 

60<-

8Cl 

::: ~ 00 

Q_ 

w 

i20 

140 

160 

lSJ 

200 

10 
DRILLHlG RATE (imU:':ETER) 

20 --- --30 ~4~ce -

I 1 Water 

j::.'·i :::1 Sand 

77-T.-9 

·~ <1c 
~Loose Silt 

Top '"""'''"' _§.8ra· · , , . .· 

----~o i oondec! s_~l~o 

'~~~.· 
c~ --' M .... 
~/ ·- ···-·- _. _____ , -· V1 __ : __ -:;30 

>0 ___ ; ··01-
0~0 ' - 'Bj 

~; .. -~ -_4:J 

~ 
" :::! 

::':: 

--50 

. ! 
-~60 

-1.0 
TEMPERATURE {cC) 

oo 1.0 
-~----:---7 I 

i 
I 

;:: 40 :.....---:.-­
u.. 

... -,---------,--~- -, 

' . I -·- ------,-------T -oo 

:~ ----·~-:-
:r:: 
1-
C!.. 
w 
o60. 

--------
' 

il ___ :~ -.-.:;/y~ _,
0 

------- - - --- :::::> 

--·--j-' /".----- .. . - - - - ····· ~ 
-·r /I ----- :;---· ? ... i -20.:: ! ' 

80-·-·-'-· 

100:--· ---- /; •. 
i ---·: -- • c 

~---~- . . / . " 
I __ , ___ ,/ , a ··-~- :. 0 

120 i ---'-·-!_ ____ __, 

--· 
...._ __ :..______! ---·----· .. 

I 
T-·---~-· 

: . 
~----:-

• 1 
(..__ . ...!.... •. 
I I 
r-·· -·j .. j. 

··--

i 

o I .. 
i 

--,. 

i 

. ···--. 

··-·· 

1 

,;._ 23/3/7-7---c-­

'1>-12/4/77 
v-30/4177--· -·-

------------

--

-30 



I 
! 

o' 
r<) 

I 

! 
+- ·--<: 

J 
! 

E i 
lO "1 

N ,_ 

0 
-:N 
() 
w 
(f) 
...... 
~ 
~ lf~ -
>-
!:: 
0 
0 
..J q 
LJ.J 
> 

()) 
I 

1--
I 

t'--
r~ 

(l 
N 

--- ;_ 

p 
I 

DEPTH(M.) 

2 -- -·--· I 

0 0 () 
" lO n) 

('.U) ILLd::J 0 

0 
r<> -, 

0 
0 



..: 
c: 

E 
0 

----: 
0 
w 
(f) 

' 

>-
1-

0 
0 
_J 
LJJ 

> 

~----~-·------

1 ! 
I ' i ~ ' 
L 

I 
I 

I en 
I co ,_ 

(\J I 
I f'--
I _____ f'--

! 
":: 
N 

q 
(\J 

(\J 

IX! 

<:t. 

i 
I 
I 

\ 

0 
(;_) 

DEPTH {lvl.) 

0 0 
l[) 0) 

('.J..:l) Hld71 0 

0 

"' ~-~- I . , 

0 
0 

0 
(\J 

- ~ -



0 
0 
J{) 

z 
0 
0:: t-8 
~(\.} 

ltJ 
z 

0 
0 

I 
! __ .. 0) 

I . ~~---
1 I 

[- ~ 
I r· 
I 

! 

c/1/' 

·~· 

0 
N 

DE PTI-l (M.) 
0 
N .,. 

() 0 
<.t <0 

('.! . .:J)II.Ld::JO 

0 
(\) 

·--,-~---, -· --~--- _, 
I . 



I 
ol 
o' 
f() 0) 

0 

.::r2 
~ 

:?.: 
<r 
(.') 

I 

<r 
:?.: 
:?.: 
<r 

o' 
0 

0 

I 
.1--

1 
1'-
1'-: 

0 

"' 
0 

" 

DEPTH(~.~.) 
0 

"' . l -

0 
<0 

L. 

( '.l.::J } II J 1 -~ .. c : (] 

0 
ro 

0 
f() 

c- 1 

L 

1-

0 
0 

T 

i _, 

-·.J 





0 
0 

. i 
I. 

. , I 
----! 

l ... 
____ J 

' _·l.· 
i' 
L ~--~ 

0 
(\J 

·-~ 
"' 

:\ 

0 
N 

I 

I ' 

DEI''\H (M) 
0 

_I ___ : -- ,. -- ----

.:~: 

. ·i I i !·~· 
·! i I ;I :. ; .. :\t 

0 

"" I 

L.' i '.II ' i . j - ··:.: ... ~l:il :"+~ 
L - ~ ! j "'~ 

, 1 - :1- J__: -: I · ·r r ~""~f. , · 

0 
10 

·+· -il·--+··-1 --~~,---···[ 'i -·1 ! ---1·,·-i·~l<---~ ' 
_L._ f.J ... l _L:i~l J- -L · _L~. l"-- ..! . ~· j __ ~:: · 

v w ro o N ~ w 
(".l:ll Hld30 

(:) ---·-~-~--~~--------------~-~ Q 
0 C) " 0 c• 0 D 

(~ "-'' \0 "' C) N ~~I 

{l.J) IIJcJJ(J 
f 1 i; i f•t· 

i 
I 
I 
I 
I 

I 
I 
i 
I 

I 
I 
I 

I 
I 
I 
I' 

:I 
I 

I 
I 
t 
I 
! 

0 
~() 

1. ··r 

f-. f'-' 

1
1,, t~ t~ ~­

............. ~ .... 

1

·.. f() <I' ~ 
;-;;'---o , 

I (\J ~ '{) ! -j ~ ! ~. .1.. 

... r · . [ ••I ... ·1--~ J · 
I ·I : -1 I 'i i 
I I I I .I 

.I ~~r··iti 
·_t· .I I ,!. 
, I ' 

i i , l · i ,I 

1 l ·1 ~---~ -~ I 

c--r -~r-·- ; .. J • -:--· c ~ .. 

-i 
1 

··r-T+ i-+:--:1. 
I . .! ..... : .. II- L I- .. L .: . L i I I ' ' 

! _J 'i _·! ! J ~: i 

-'·- ·-11,-.· I '. I I I i -;-- ~-+- l':·:_:_; ___ \-

: I .Li-.l. LL:_~ ~-·j_-
2 0 

'!•· '.i 
I •I il 

(\J 

n 
C) 

"·' 



0 
! 
j 

2·J 

LS-

.:n 
·-·.: 

EO 

;.... 

._.. lGJ 

""-
3 

120 

l~G 

lSD 

188 

?nn 
~-v 

• DRILLING RATE (MIN/i·iETER) 
_1_0________ 20 

-· 

- -.-. 30 __ _ 

g5Z'~:~~~ter 77:- T_- ll 

_40 ___ "' ----,-,.-.--;- i 

~::,": 
~~'" 

=~~t, & "'' . . ' 

s-r;;~ 
c.-V I Loose Silt 

:%1 Sand, Unbonded 

-~-----,-·--·--- --

i :...: ________ ~ 
! '! 

. !· .-:·:1 

--'--'~ 

"-'20 
·-i 

-..i30 
'i 
.I 

0 
rn 
--:> 
::! 

~40 ., 
i r------

.,;50 

r r·· 

t··.,-:....<>~---

zo H-
i 
L ... 

..._; 40.--.--u.. . 

:r 
!-
0.. 

TEMPERATURE <;~J 

--~--- ---- ----- 1 -~....,.----,.,.,--...,.....,.---,---,--:--:- ·-·--· 

77-:-T-l! ___ :.. 

-~~--

/'"-· 
·. .• /~ ----. ~ ---------' 

-!0 

- - -· ~:;/· - --

0 
ri ., 
---4 
::: 

~ 

.. ,/ -20~ 

;· 
-?JJ 

!2.0~-~:---~---~-~~-+-·-·---'~-----~--,--:-----l---- ---------- --------------

I 
r----.-------------~----------

' . ' ' : : . ~ ' : . : 
r~T ,-7-l~--.. ;~--;------.--.-.,....--_ -. --. ......,. 
l: : . i : ·, : : ' . 
~~-----:-------:--------:.-:-----. -· _ . ..:;_7--- ,------· --:-:----:-.-----.---------

! : L __ j __ L:..:.: __ j__;---c--'---c---------------------------
1 
I· 

t~ __ _:·_ ·-·-------

-24/3/77-------­
.. -!3/4/77 



>--

~ 

:0.. 
'--' 
:::l 

()_ 

~~ 

Lu 

,~ 

-J 

:o 

80 

.. .,r, 
I!_..,,_., 

12J 

1~0 

~6J 

lSI) 

28') 

. _._-

DRILLING RATE (fHN/i~iETER) 

20 ----,----.-.-. -:--

'··- --- ·--· ··--· .... ~--~-.....:...-~---

77~T:-i2 

Silt 

-- · 
9 

------Top --j 10 

0 

20 

-' 30 

Cl ----- -----· m 
-o 
-1 

----------~ .. ·---

3:: 

60 

TEMPERATURE ("Cl 
0 1.0 2.0 

C~ i _ -~L _I :~--,--.. _-.. ----. -.-__ -r l 
~'-c'·-·c·c+c--cc·"":·c--·-l--c .: ... ~ -·~v · ·····: -- - .: .. _ _: _____ _77:T- i 2 

lt0 -C-·t· ·. --:~;:::------~,-~ ----~-.----------- ;.; 

L,_ ---~~~-••· ------------ - ._ -- ~ ~:.!0~ 
L __ ;_ 

~--:- ;-

.. .:.... ... _:_ __ l_:......._: __ _ -----·---------------~--......:.~; __________ , 
! ~- . . 

: : ; :- . -: 
-·--------------------~--~------ ----------- ----·----

··:··------:-·-:··-·:·· 

·;· 

. . . 

··--·--------

l~~____j _____ !~ ______ L_ __ --~~-~1.._--~--



~ 
t() 

~C> 
(.) . 
o N 

IJ.J 
0:: 
:::> 
1-
<! 
0:: 
IJ.J 
(L 

::E 
w 
1-

I 
I 
I 

q'_ 

C> 

T 

i 
j 

! i 0 

r0 

I. 

1-
I. 

r< 
'" 
.. l 

j_-

[:_ j ' - [--' 

t~_l_~ _L U __ :__ 

,.., 
z 
~ 

..J 
-J 

i 
0 

~[_; 

a: r._ 

""',i •. 
<J.> 

0 

0 

!(])~ 
·~:;: 

C> 
t'J 

u 

'" 

0 

0 

I 

0 
<J· 

C1 

"' 

DEPTII(M) 
0 

I 
0 

C> 
<D 

N 

I 

("l;J) Hld30 

0 

'" 

. ! . 

·.J 

I 

l 
i. 

C> 
co 

('> 
(;() 

•:;· 

0 

'" 

C) ... , 
··:·-~r(J;-· 

i 

0 
c::· 

(LI) 

t i 
: .. !. 

C> 
(\) 

0 
<j-

1 

t 

i 
I 
I 

DEPTH (ll) ;; 
;·--,.-

C) 

\lld:JO 

-i 

c~ ..,,. 0 
'0 

I" 

i 
I 
I 

I 
-·, 

I I I . ' 

i 
I 
I 

-, 
i 
i 
I 
i 
I 

! 



, 
.I 

w 
n: 
::> 
1-· 
<( 
0:: 
w 
n. 
:?.: 
w 
1--

ex: 
ld 
r­
I!J 

;? ... . ,. 

I.LJ \...::1 
1- N 

~~ 

(.) 

l 
. I 
<j· 

I' 
I 

1-' 
I, 
r-
~ 

0 
c\J 

Q 
I I 

0 

0 
v 

I 
0 
10 

.. ~ 

0 
{'J 

I 

0 
N 

0 
ro 

::> 
0 
a) 

~ 

·0 

"' 0 

-' 

o,... ... ,.,. .. o --.. n -·-~-a-- o·~-·-·· o·--- ()•~----o 
t:) ··~ ,·, ~:-· 
l'J .:j \() (l) 

~- l ; i ( _l ! 

DE I'TH(M) 

8 
I 

0 
0 

('J..,J) Hld30 

0 
C\1 

DEPTH (1-;) 

i 

0 ..,. 
.I 

0 
v 

Cl 
•J• 

0 
w 

(,) 
C) 

I"' 

0 
w 
I 

! 
. i 

r~ 

1'-

" <j· 

" ·o 

• 

0 

'"' 

r~ I'· 
r~ r~ 

,_ ..;. 
<t v 
" 

-.. ,,, Ul 
C\1 

I 
0 .. 

.. T 

i 
I. 
I 

'·+ 

I 
II 

i 
! 

_; 



DRILLING RATE (t~IN/METER) 

-- -- -- .20. - &;<8 ~~r; ---- -_- 30 __ _ .~ .. ~ 40 

~
,, ... : ... -.-, .. 
nc.er ,_ ' < • ; .N \-. -- r 7::T::J5 - . -- : 

. I , , [' . : : 

0 •n 
--·----------I .J.----• 

\ 
0 

20 1 
0 

I ~~ 
f -- ~~ ~-? -- I 

oC i I ' ~ __ ~· 'Soft Cicy 

l . ' ! 

0 

LO! 
! 

' '"""' '"\ ~'-J \ ~ "1 

E F' '"' ~~~"-!I -~ C I I , 

=-- I. I 
'--' 
c: o I ~-- \ -- - ~ ~ 

''" 
0

\ · ...•. -·-· __ .. ~S>l<f Cloy 

0 . - .. ~'j ~ -- - §I"' Leooo,•?. 

o~o ___ ·-~- -~~~Stiff Cio~ , 

" -- I ' " "'-._ '-i -
0 --- -- - I'- 'J -~ 

1~) 

150 

l2:J 

20·J 

-: 30 

Cl ,., 
"' :::::! 

60 

TEMPERATURE (°C) 

-------,--,--,.---.,.,--.,..,.,--1.0 2.0-;---c------,-----,------:---

L~-~~--~;=~~t-~--t~·-~l~_1:_-=---~-~~--=:-=-- i : __ 77.-:-_T-15 

o• 

20-:·- I • " -----· ----·------ ______________ _ 

..= 
l:.. 

l----1 --- -------. -·. --- eo-_\ 
40-

I :\/' 
,o "'7 

60,- I -- --- I 
I - /" 

,.o 
so,-: 1 -j 

I ---;·· 
I 100~ :·1 ·;•"• 
f-- ' . 
~ ~ 

------------------- -----·- -----

-:o 

-2.0 

0 
r.-: 

__ -30~ 

= 
;=; 

~ :::~~· i J_[=r-;~y~:·. ----------~--.---. ----------:---.---:---------40 

I ' i . -

160 ~-' ~:~~~~~~~-~=t. -~-------------· .. -------
. . _-50 

f- ·····i· 
-----~----~ ___ : ___ --· : ___ :_~------· :. -----------------------------------

i ____ ~L.~ _ _i._~_;_. __ ~ __ l ______ -·- : ; _: __ ____;_ ___ : --~--=-------.: ___________ ; 



0 

1 
0 

2C; \ 
I 
0 

0 

'0 f 
I 
0 

! 
: 
0 

6G \ 

\ 
I 

s~d~ 

.::::.10\: 

/ 
~-

E i 
I 

120 
0~0 

o. 
' 
I 
0 

140 \ 
0 

\ 
0 

16J 

180--

2CO 

DRILLING RATE (i~IN/ii,ETER) 

20 ---~ . ----,--,.--30 

r'""l
1

:!:t~r -77~-f.:-16. 

~ ~Soft Clay 

I~ 
1:~ l?j 
~ ~ SliH.C"Y-' ' 

--~ 
t:;'! Soft Clay 
'-"-~I 

I'~ 

N 
~Stiff Clay 

~"'"'1 -
~ 

- 40 _____ -. : ~ 

; __ 

., 

I 

.::!10 
:j 

30 

0 

"' -o ..... 
:c 

~ 

·····-·· 

20~:~--'---'--- I 

·--· 

~--:-

~-. . : . : . I 

40:- __ :_ __ _ 

60--·-·------- ---· 
·r· 

80 :..._ 

1-' 

= :c 
f-
a_ 

w 
a 

140---

,, 
I 

160 :._c_ 

T 
.. 

i- --:--:-·:------:-----. -·-

------

TEMPERATURE ("'C) 
0"' !.0 
I-,...:·-~. --. --l 
~0, 77_::T -J 6 

I 
-'-- I 

I 

l 
I 
i -· -· 

v 

/ 
0 T o. 

I 
0 ... 

I 
roo 

---'---,..--1- c 

-----/· 
'"" I 

I 

.. 

:·- /0. -- ------~---.-
\ ,.,. 

-----

•···· 

---· 

.-. -.-~:---·· 

o - I 0 I 41 77 - -­
,_16/4/77 
7-29/4/77----

---------------

-20 

0 
, .. 

-~"'!; 
-.:>U--! 

:::: 
:;::: 

-~0 

-50 



0 

0 

l 
6 

2C \ 
\ 
0 

I 
LC l 

0 

\ 
5Q f 

I 
0 

\ 
\ 

80 ~\ 
0 

/ 
0 

!- I 
w.. 1C~0 

~ 

'-' 
0 

\ 
0 
I 
0 

-~,., \ 
iL'.J 0 

' 
i 
0 

'·~ .~" 
\) 

I 
0 

"-o 
I 
v 

/ 
0 

,• ! ~ 

DRILLWG RATE (rmUMETER) 
30 40 ________ 1_0 _____________ 20 r1 ~~:ter __ ·;~;J T-)7 --:Lc_·=- r-J 

5 _~-~·;.::.~ Sand, Grovel; Sift 

I . 

5~~ "l 
s_l~ 
~SoH 

·~ 
si"-"'-!stiff 
~. 
1::·.:::.1 

. 

. ~~ --~ ~
i}Y:tsond 

~'-:j SoH Cloy 

~--·· 
~· I 

"l 
--1 

E:l ~ 
~ 

"-c----o 

l3D 

2C::J 

0'\, 
? 

0-------
0 
I 
0 ~ 

1
:'::;::

11
- Sand 
~ 

10 

30 

0 
ro1 
"0 
--< ::c 

50 

60 

,.: 
u. 

L:J 
0 

. -:--- -~·,>-

TU RE (oC) 
TEMPERA - _lr ... 

f=}-,i~lcr i ---l~·~·-:.·~····-ncT-!7 
i -------~) 

60---+-- -----

rso ,--,--r--'---·-"-~-------'--

I 

I 

I 
t 

-~ 

i j:-.. I -·; 
1 r 
1- --;·· 

I ·' o i·; 
I .• . I 
I • 
If 
I 

. --·--·;! 

I 

~·+t-r~-=L-+ t ~ --- ~ - -
,..--.,-

~---- ·-

-10 

-20 

~ 
-30~ 

:;:: 

40 

-50 



,• 

DRILLING RATE (MIN/METER) 

c ___ 3o __ . - ......... ~~~0-7F~ 
~Ice . · · ·

8 
; :~. 

!! 77.-T-1 ·--·---

--·-----·--- !0 ____ ·----· 20 

0 

2'J\ 
0 
I 

0 
\ 
c 
' 48 ;o 

0 

' 0 

l 
' 

60~ 
i 

0 

~~o 
0~\ 

l 
0 

l 
}- ' 
:::.:oo~ 
~ \ 
c.. 
;:; c 

1 

l 
12·:;o 

\ 
0 

I 
140 o, 

0 
\ 

lSO 

? 
0 

0 
I 

1 lwcle' I I 
' I 
l-,.,l <:and 

~
-

1~1 

~'"" "'' 
I~ ~ 
!;Un 1 

. 
1-.:: ... ,l Send .. 

\l(j!~ 
~ - ----1;:~}/n] --~-Clay Layers 

e:U!I Son ' 

~"""'' ~S>iff CloL 
~'i 

. . ~Soft Clcy - --· .. f\ I l . . .. ...... . . .. .... 1'\, '\I .... . 
',-.__ . ·· · \"> '\! "'" Clo, '-,> .. ·······. ~"i 180 

200 0 -----~ 

-.10 

0 

"' ""J 
-i 
::;: 

5:. 

-40 
' 

:-.50 

-·-.-:.-=- ,.,.,._- ~..;-, ..... ~---··----_...,_...._~-'-":...,-._ ........ _ _.::.:_ •.•.c.~•:•.__.., ; .... •' -;:,;...__., __ :.;.::....'"-'---··•'··~·""·• 

TEMPERATURE (°C) 

i--LI --'t. 0° ID . I ------~--~~".....,..! ·---_...,...,....___,_ 
' i 

20=--:.--~T~T i 
·.~·····!' , I , ' 

'. .. : .. . . . .. ~ . -·. ' ' 

4o:----- i- -- ~-c-·· ·'·- . c.:- -'~~. 
I \ I - ~ -~ 

.. / 
, __ ---·- -~ ·-·- -- I !. .. ··-· 

/{ 
-/ I• 

sol.....:.._;_ .. ~,-, .. --:--.---.-- - ,----, 

80 -c. 

~ . I - r ~ 
I I 

w ' i. 
0 

N I 
:2o-- ___ . I 1 --:- .... --·-·. --.. ·c·· ., I 

' \ 
~-~-~-~--·--- --;------/ .. _ ""· 

140-•-·: ______ : .. 

i--·----:·----
1 

__ 77-.T -!8 

-10 

-20 

0 ,., 
-30~ 

= 
3:: 

-·--40 

160~~~. ~,: =-~_-'):•·· 
[-----:-,-L. --------- t l - -50 

180;_ ___ L_i_.; I . ' ;· 

e --;-1 ... _.__----:--... : ..... ---'.--'---'~'--'---.-~-----'----:----.. I ... , ...... ·--·--'·"'-
-+-_:_;....:-~-----~-· ---·--~---~---.:.-----. ---·---·-· --·-· ; i -- ------ --~.:._ __ l' 

t::_ -~-~--- __ i ~ _ .I -"'-~L-~ ~-~~:._j__L ___ ~-~~--· .. =-::: _________ . ____ _ 

.... 

.. -! 0 /4/77--'----~--'--­
v-!6/4/77' 



.• . 

I· 

0:: 
w 
1·-
llJ 
;;;; 
...... 
z 
~ 

ILl 
1-
<1 
0:: 

I 
I 

! 
I 
i 
I 
I 

{l): 

I: 
1-' . ,.1 
r--~ 
r~ 

o· 
'"· 

0 
(\) 

!m 
·o 

I 
i 

0 

0 

I 
I 

I 

' i 
i: ., 

i [. 

Ul 

<!5. , 
0 

(.) 

Dl: PHI(M) 
() 

I 
8 
I 

0 DE PHI (M) 0 
N 

() 
<,j· 

, 
(] 

(.) 

! .. 

0 
<D 

r 

(LI) H.Ld:JO 

0 
ro 

'.ti 

I , 
I. 

I 

I T l 
I I 

:i I 

I 
I' 

.. , I 

I I 
.I . ! -I 
I.: I 

i 
'··1--

I 
! 

i 
i : 
!", 

J 

I 
I 

I 
i 
I 

I 
I 

. I 
'I 

; 

; I 
I 

i 
i 
I, 



~ 

a 
---~-- .. --· ··----~---

0 
l 
i 
~ 

22i 
0 
\ 

\ 
0 
! 

L'] 0 
! 
0 

I 
0 

\ 
0 

60 

30 
0 

0 
I 
0 
I 
0 

'\_ 
9 
0 

/ 

t..:... 100 
0 

' ..... :) 

I 
0 

>-

120 0/ 
0 

lLO 

150 

100 

200 

""-o 
I 

0 
I 

0............_0. 

0~ 
\ 

0 
/ 

0----0 

/ 
0"-.. 

0 
/ 

0 
I 

0 
! 
0 
! 
0 

10 

DRILLING RATE U·1IN/1'tETER) 

'-

-------- 20 -- j<X/'¢1 lce ___ 30 ___ -,-c-. -·~77~4P-,-,-,- j 

I I -·--- .. 77-T: 20 
1 

J Water LJ ---
1~1 Soft Cl~ye, Sil~ 
~I - " 

5_~ •. I 

1>:>1 . 
s .. 

1
<;:·u-:; Sand a Grovel ' .... 

$_0.): .. - ·-
i~l Soft Clay 

S-:~:,:·:::1 

l
i(:\1 Sand--­

(:::::~;-1 .. -- ·-

1;2!clay S.Gr~ve! 
s ' ' I -N 
s .. j~~ 
~~ Soft Clay 

\~1 
J, I _,, 
~~Greve! 

I'T'""' ~ 
!~ 
~~Stiff 
~~~­
!~! 
~- .. ~.:::>01: 

I "I ~~I Stiff 

---~·-·-- - -~·. ,.._ __ ....... ..:-~'-· .,,.., .... ~:··-<..... ...... ,..·~,. ·- ~ - --- ·.-:. ~·~.' .-

:•: ... _ _ _ _, -1.0 TEMPERATURE ( oc) 

-!0 

.~ 0 \" - -- -----
TO 0 . - I r·----··------

60- ___ , _____ _ I·--- -- -1 
'l 0 0 . 

\ -- - - 1 \ I -~ 
• 0 "~-;~- i -----~ _:c ________ -:-----"--~~-__c _________ -- - _ _. 80~-~-j-:c-~-----1 -----

~ 100 ~ .: . \ . l ~ ----~~-~· 
1-' 
Lo.. 

!:. 
! r· 

0 . ; --- -;· - • , . : 0 

12 . . • ------! 

o ____ •• o - : • I I -- - -·-I 

-\ ~· 0 -i 
• 0-- -- I --

_, I . - . 
I ---;--.::-:~~-:-· -

----·--
, __ ,6 ___ _ 

. 

------~--

-------

~--r:~c~r~~~-i~~-~--~~~J~~-~~---~~~-~--0~:~~:~~~-~~ 
!--:~--;----:----'·:-c:__;_~.._.:c_ v- !6/4/77 

------------·-

L..:... __ 

c 

-3C~ 

;:: 

-40 

-50 
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APPENDIX B 

Drilling Logs for Boreholes 



I· 
I 

I 
I 
I. 

EHEHGY, HINES A!~D HESOUI~CES 
~--·-·-----------·---------

HOLE NO. __ Ll_:: T -1 AREA .SH1\LLill!LJ3 A Y DATE .JJar.ch..J..3Ll'L__l9 7 7 

LA T • _6_8_~ _ _5D_._83.~ 

LONG. _3_5_~ __ 5_8 ._08 -~ 

---
PIPE L ~)EPTH_~E_~ESS j 

·---------

_ __)_Q_,__;)_ f---lD_. __ L __ _5_ __ -

10.5 21.0 7 ------- ---
10.5 3'1.5 8 ----·----1-----·---

10.5 42.0 160 --
10.5 52.5 180 -

W\TER DEPTH + ICE _7 f~et:::..__ __ LINE U\) 
2000 1 from 

shore ICE THICKNESS 5 feet 

REf/J\RKS 
-· 

SiJ t S.ta.J:-t lEi. L;AO ___ _ 

Silt .. -
Si 1 ty_~9_DQ}_ samp 1 e at 30 I 

(Perm a fl~os t) 
Ha_rd ··lE!.Y_er _at 33 1 

' sample a _t 4 1 ~- f i.JJ..e_ 

Fine sa_nd & s i 1 t .J'/.ctsb_e..d_,___s am 
Sam 

"10. 5 63.0 120 - -><-----r-_1_2_5____ r--lre l_en_s_e_a_t_54 1 

sand, s·i­
lll2.le_5_l~~ 
pleat G2 1 

sllelLcw_i·LQD d 
chips was he: 

sd -~ 72 r: e -s.amp+e- _ . ,; 

c 1 ay _ _y,rj_tb_ 

10.5 73.5 ___9_Q 1?~ 

10.5 84.0 ------ 7~ 150 

10.5 86.0 -~ 1sn -------f--

-- -

------

----------· -

- --------- :-----

------ ··---· ---

------------

- ·-------------

----- t--·---

-----~--·- --~-------- --~---· ------

Clay vJi th shells & wood chiR 
\1./3-

No sample 

Ran out of fuel 2: Ei a.m. J nstalled 
)QlTl as t ·---fherrrn s fercaol e #177-n~bo 

thermi s ter ·j s 61 above water 
·---· 

level 
--'------

-· 

------

---------- ----------

----

-----~---. 
-----··- ---

=~ = _--~~ ~-~~-~=: -_=:T-_~~=r ~~-~~- :=----=-~--- --=~-
1 



I 
I· 

I 

I' 

I 

I 

I· 

ENERGY. !·1H~ES Arm R[SOUI<CES 
~----~--~~...........,--... -·--·~--··•···•r .. ,.. .-...... ...,..... .......... _..-~-------·-·"""' 

JET-DRILLI~G LOG· ----------------
7'1·- T-2 HOLE NO. /\REA SHALLO\<J 8/\Y 

LONG. 

..........,... __ _,._._·--~-~--

WATER DEPTH + ICE 

ICE THICKNESS 

n~ 

5' 

LINE (A) 
4000 1 from 

shore 

~r·i·r;[·l. ·-~-,;[r~~ .. i~~--.. r~~~--~---r:r~"Ess_f_________ REW\RKs - -----

,.--------~- ----~----~ .. -- ~JtJL -·----l-----·-----------------
1 10.5 . - Start 11:00 a.m. 

=.=-----~--~-~- ---·~~~- ...... ..,.. .. ,..,....,....- --..--.-..---- -~-··--~-- ---------------·------

2 21.0 5 t·1ud 

~-- ... -;~ . : .. =·-;1-~-5 __ -·l-~~~--
l~ud ~ some sand and silt 

4 42.0 5 Mud 
.----.-~--:'-~-- --..,..--=--~-=-----

,-~~1?~- - .. _?2. ?., __ ?__ - ___ .. ~--~_?il t~ hard layer (pel~mafrost) at 49.5 1 
. 

.6.. ..... 63.0 30 - Ice lenses. silt, 11:30 hose break at 53 1
, 

=·-~= --- ----~-· · ..... ~- ·---·--- --------·--s1ar't11:· 3o·~-l1c!s·e--E1.;-o ke 11 :so 
~~-2 7 3. 5 _ -~-1L .. _ _J_~_Q_ _______ ?Ja ~~!_ 12 : 3 5 

.~,~-~12.~~= _ .J.ffi.._Q___ __I? ___ ~ __ __}_QO__ Clay__, :ic~~_enses 

~~___JJ.~~,--~136.. . .5. ... -- 35~--~--J_§_Q ___ ~-~~-layc:_c.:_a-t 132.5
1 

- 134.5
1 

(sand?) 

=~-~,,M,-. ~---l£~_Q- _ _?__9 _____ ~9..9 ___ tlard -~~ri 1_l_i_~~g_ __________ _ 

---~lli _____ --~JiZ.. 5 ___ __ §2_~ ~--HiQ____ _ __ ___ _ ______ sec tj_~!_:.'?__!:~q u i_~_~e_~d d ~ n g 

________ !!?_ ________ l()~L_Q ___ _ ?_£) __ ____ l8.Q _______ [~~-sl_r_::_i_}J_io..g ___ .. -· - _____ ,.,... __ :. __ ----------

17 'L78 r: 2r:: ----------- ----· ----- ______ ,__;) ____ ... ·- .--,2_ ---- ____ __] .SQ_ ___ ---- . 

-.. -----1~- ~~----- ____ 119. _________ 5..__ ----180...-- ___ S tQ_}')_[l_~~--~~---2 0 : 
1

_Q_P._iP.~---~~-i~!:-~~!--~ 7 9~-~-~n:!:~~ e 

at 179 1
• Installed therrnistel~ cab-les #151 

_ ............ __ ..,.,_._,..or-;" .. -· -----~·--------.---- ~--.-----------·· ·----.---.---,----------- --------~----------------·~----··----- ~------- --------------------~------ -- -

..... -......... __ .............. ___ .. __________ . ----.. --- _ ~----------- __ u on .~J_.AD.£1..J.11Z.9_.l_?:.0.9.~.L.__ __ L_a .?_! __ !b~._l:!!~. ~.!.~ ~:~ _ 
of #151 is 10 1 above first thermister on #176. 

Top thermister on #151 is 6 1 above top of ic~ 



ENEF~GY, l'ili'H:S 1\ND RESOU!{CES 
~o.,.,..·-~·-·-..-·-•~~- ... -~--~-·- .... - .. --. .,..._ .. ._.._.._~~-- ~-------·'-"·~··-.-·-

ll 0 L E N 0 . ___ ZZ.:-_T--::'L 

LAT. 

LONG. 

JET-DRILLING LOG-
__..,. ............... ~------~------~-·----·---·· ... 

DATE _11AECJLJJ_J_7~~ 

\-1/\TER DEPTH + ICE .. _.J?~!L_ __ _ 

ICE THICKNESS ___ ?_~·-·--------·--

LINE (A) 

5760' from 
shore 

200' offset 
downstream 
from ·l·i ne 

=~-~r~:=;~~~ -~1~;: ~=~I~~~~~~-a~:~~:~~=~ -. 
~,....,r>o ...... -~- --··~----··_...--- -----··-.. ~--- --·----~-.-- ........... ~------------·------

31.5 13 Stiff silt at 25' lenses of hard mater·ial, -------~--- ---~----- ~~~--~- -----·~-~------~----~-·-·:-----:.-·--purnp trou b 1 e 

__ a! ----~- l G~- __ !2~ ________ GoosL9dJJ i ng.)_~QQ?~--~-LlL _______ _ 

___ 63_~-- -~--- ~ll_~·--rLJ:>_a;;.e __ sjJ_L_S.i!DIRJL6L5' _ _::_5j.lh...>LOOd £hips 

-~Z·~--~-~--~·- ___ ?9 __ ~-!5 --~·--~-~rd_.9_l::_jJJ.jJJ.9 .. JJ?~.r]_~a:[~Q?_t)~! __ 0_§_~~~mp~e 72. 5' 
s1lt) sand, we 

-~-_11.~-~~~~----~. ~-}-~ ___ _!_QQ._ ____ 1_9L9_g_j_c:;g_1~n_?es ___ _ 

·-----~-.2~--->--••·-l-·~~ 4 ·. 5 ~--- ____ ]_~--~ ___ 1_40 -- --·-·-

. ~----~llL ___ ~~-~~--~-~ -~~i___ _ ___ l'lL... t------

6 

-----------------

11 'I l 5 . 5 ~§---~ -~1-~Q __ _ 
=-~.......,.._-~..,..--.. ~---··h._...,-.~_ -__,.,_,...-.... ------·-----··---~-----------------

126 

· 13 136.5 26 U c Some ice lenses 
=-·--~-.~---- -~-~·--·-·- --C: .. c.~ -- _,__,;_,~--------·-------------------

=-~~=-~~~ ~ =:~-~~~;~-~~ -~ 1~~~e~ ,-~;;~ ~~1 i ng in up~er section 

Stopped at 3:"15 
-·-------~- ~---- -------... _ -------- ------~=! n s-~~~;-~~--140~ ~ s ;;·~;;--------_ 

----~---------~·- ------~-- ··----------- __________________ 1~-~j_]_~-~-~~~-! .... !?.~P e ------------------~----
·~ --~-· ______ _ ___ ...... -----~~- __ . _ _________ ..... ___________ ... .. __R 3_1~--~_t:- j _ _s_~~:! .. ~---(l-~~9--~ a._~ j__~-~~-!_"!...~ ... }5~9_5 _______ ~-----

Installed thermister cable # 178 
----~------- --- ..... .. ---------------~ --------- - -----------·----- --- --·- ................. -------------- ... --------- ---------- ----· ------------------- ------



ENEI(GY, 11Ir~ES, 1\tW f\ESOUf<CES .. --··---· -··-·· --_,~------·....----..... ·--···,--....... ·~---d·-~·--·~--------------

HOLE NO. 77-T-4 A!~EA ~$lL~LJ._QJiJ3AY DATE ~.11tlB_~j__l 8 I 7 7 

LAT. HATER DEPTH + ICE ~-~-Z.....EEEL-~--

LONG. ICE THICKNESS 5FEET 

PtPE L DEPlH TII·iE PRESS REt-lARKS 

LINE (A) 

1000 1 from 
shore 

:~'~:~~,: ~' ~;:~~e;:: _: ~~:-:~t~: ~= =~;-;:w,~-~Q,/0 -_,:~: i ~~"::?, ~= 
~~~LQ .. 5 1 ~ _4lJ~-~t~ _ _z_o~_min -~---~--~- -~.h.LLPJ:.rma£ro.,S_:La.t_3.4...5____ie.e1 __ 

10 5 1 r:1 r: f:+ 3r:: · · 1r·o ,zr.: h. .tl · h "cl ""+ · 1 ,.+-- ,.... · --=----'--~-- __ Q __ ,_:.t:-- __~,_~~- ->oLiLJH~J1

1 
__ ;J_ .::.,.~_ -~ . l~L~s . .ot~le . n:~g__ _aL ~eru __u_j____,~_e.r..L.L~_rL_ _ . 

~-J_()_._J>_~ _62.__£e.e.L __4 iLnlU\

1
_~~--~- ___ .:~f?-lthb_les ... sJ.ar:.tes.LJ:o_c_orne_up_JJLtbJ.s..-S.e.c t 1 on 

·- 1 ce lenses 

--lQ&- 7~~-=-;2 m;~--2~D_, __ ,:;:;~::v:;~e:~~~~~::~~:::_ ~~~:~~~~\h: ::d 
10.5 83 ~5 mi~ ~ hydrocarbon detector gives o.k. signal 

~~~-~..,.,----~~--~-· ---~------ ·------- -~~-- ~--- --·--~----.·-~- _____ , ..... --~-- --·~------------·-------------~--~---

10.5 114.5 20 min 

.. -. ----,·----~- -------·---~-__ ------ ____ ~---~-____ ~tu_lle_d __ ~_te_e ·l __ _p_ip_e_.~------------------------

~~-~--__ -------~~-=-- _____ -----·~---~-_ JlitLS..eisuLi.c.an.cl.r.acLLoa.ct.i_v_e__1.ug.s ________ _ 

·-~--~~6 ______ ------~-~--- ~~---·--~-- --~~------- _.Jns .. taJJ.ed_th en:n:i.s.ter __ r_._aJ)l.e_fi_.JA7 ___ (JD.0_1
_) ______ _ 



.. -

I 
.. 1 

r 
j 

/. 
HOLE NO. 77 --T-5 

LAT. 

LONG. 

AREA ·--~LL01J0li GAY DATE .JARCJJ_llflL__ 

\~ATER DEPTH + ICE _§_l/2 ____ _ 

ICE THICKNESS 5 I 

LINE (A) 
9000 1 

from shore 

=£~E ~~i~~)~:~F~~ Till~--~~~ ---~s :~:t ~-, 47 :~~R:s--
·------~--~--- ------------ _____ .. _ -------,---~ ------------ ---·------

21 5 Loose silt with some hard layers 

l 
II II 

-~-<'< 

II I) 52, 5 II 
---~-~-'--·--- -------- ~3_ __ --------- ---··-·- -----------------------
-~~-(i-~~-----~-~~---- _] __________ ~at!!_]Jle _ _?t_.§£__1 

- fine sand 

----·---J~-~- _z_~:..5~~~ __ ]_ ___ ----------
---_11 .. ~~-- ____ 84~-- -~-1-- ----- -------------

__ ..J..Q_______ 1 o ~---~-- _J3_ _ _____ _1LeJ:.y_hs1.cd __ d_rilliosL~.t 1 o 2 I 
n 

~-~-_u~~- u~~.2. _______ cL~----
lo 

~~-"1?--~-.. _J_2_6_____ ___ lL ___ -~----- ___________ -_______ _ 
8 Stop 1:50 p.m. 

~-L?____ _l3 6.._5______ _ll).______ ____ J\dded_2DO-.. JlLlo.a__d_s.arJp.le._l_3S .. .5---'-....s..Lit~f._c.lay 
11 head of wa tel~ 

_J2.i .p.e-~1 -E--l:oz.en!~ .. ..can ~L.au.g.e.r 

Installed thermister cable# 180 

----~--~-----------------------



... 

/, 

JET-D!Ul.LJf{G LOG 

HOLE NO. 77-T-6 f·.REA SHALL0\·1 8/\Y 

LAT. \,Jf\"1-ER DEPTH + ICE __ 6 _fe~----

LONG. ICE THICKNESS ____ _1. 5 f_eet·"'----

·--~-------·-.. - ------·--·------------------·----
-~~~-~----DEP1~~~-L~~~~~--~~Es:_ _______ RH,ARKS 

10.5 10.5 j 1 mi~ Silt - starting time: 

=---} ~:_ Ei -~=- ~=-~-1 -~~ --- 1 m i d~~-=--_ ~~l t 
12:26 

"10.5 3L5 2 mirl ~ snt -------- -------- -4~mr- -·--e:~-- -·--

LINE (A) 
11550 1 from 
shore 

offset 300 1 

north from 
line 

lo.5 42 1 rnir ~ 2 feet into section hit hard~_r la~_l1 foot) 
-----· --..,-rT-··-------"-------:....;:_;:....::...;,..;:,c,.c_c.:...:.....c:.-_;_;__ 

10.5 52.5 .. 
7
g; __ l--_Sanm_l e J fine sand al'}_ci_s 'il t)__l7-J -6_Ui} -c 
(!) 

10.5 6_3 __ ~----'2 mi. __ ,;..__ ---~arop_L~-.L~l9cY-~ .. 2 i 1 t) 77-T-6 _{Q) 
0 

__ 19~!i_ _ __ ?)~ ____ Lilli.--~-- ~j_lL .. ______ _ 

___ J_Q_.j ____ -----~- _Lm:iJ.I __ _j ______ s_amp1_e_(..cJ_ay._L_2Z.::T::.6 _ _(_s+-------
5 rni ,1 ~ 

__ lQ_~-~-- __ 2_:LL_ .S...nl.iJf---~- LLt_p.eJ:.lllaf.l:'SJSJ:_a..L.SZ_fe.a:'c_..:::_g_r_a__du_aJ_j.2mm du. Y'Y 

I probably ice lenses above it 
TolliTt1 -- -----'---· 

10.5 10.5 15 mini ---------- ------- -romTI~--

10.5 115.5 9 mi~ ----------------- -;6-n1TiT _________ _ 

10.5 126 12 rni~ Ice lenses 6 feet into section ------------ -------------- --zs--iilTnj _______ ----- · 
_ _j_.Q_._5_ _______ l..3 .. 6 .. .__5. ___ l1 ... Jninr------ __ \!.e.a__sJ.oJ~ _ _r_~t~ __ f'or _first ..ffvJ_f_e~_L ___ _ 

27 nri nj 
_lD. .. __ s_____ £lfi ___ ll_mjJ1j ___ -j-·-J __ f.on.Lo.f_p~Lp_e_is_gJ2_oy_e_s_urf_gil_::....iD_s..taJ ... le_d 

------------- ---------------~ --------· _______ cabJ.e ____ tLlLL(.20D.'J.--.:::_tir_s..L.ih.el:mis te r 

----------- _____________________ js_ss ... _feeLb.elo•&_..s.ur...fa.c.e._ _ 

_ ,_~------ --·-·-··---------- ----.. ----+------------------------



I. 
j 

I· 

I 

I· 
( 

\ 

HOLE NO. 77-T-8 

LfH. HATER DEPTH + ICE 11.5 feet 

LONG. ICE THICKNESS ____ .!i..f_eet,_: __ _ 

PRESS RHiARKS 
__ _..jSCLJta.r..tP_cLdciJJ..in.g_ 1·1: 07 

10.5 10.5 In water 
-----·-!---·- ·--·-· 

pipe descending without 
aoaTtTonal human 

"10.5 Silt ----

Stopped drilling 14:30 ----·-·-- -----:--- --·------· 

-------~ ------:--·-·-11----

--------·- --·-------1----l--------· ---

------------·-------:--- .. ___ .. ___ -------- ·---------·----·--------- ·----

---------· ----------- ·-----···----------



I 

I 

HOLE !W . . ]7 -.I:_2_ __ 

Lf\T. 

LONG. 

JET-DRILLING LOG-
------~---·~----------·----------

\·lATER DCPTH + ICE .Jl.J) _______ _ 

ICE THICKNESS 51 

HEW\RKS 

-~-__: _____ zJ ___ rz ___ --------· 2.~~~y_~ard ______ _ 

LINE B 
4000 1 ·fl~om 

shot~e 

-~ :--- _3l5 __ T~- -------~:~:-:;;: -------
~-~~-- ~-;~=-=r;- Lo~g_.silt --------------

~•. ~--~-6--~ __ 6J _______ _j__,_ _ _____ Yexm_g,f.rP_~ t AL6.2_• _f.r_o.nL.w.at.el."......le.'Lel __ _ 

~~-.2-.. ~-- -.-7--3~---IL_ ~~ _____ £Jne_grQQRg_9_~:t_§~--------·-
45 .. 

-~~~-- ___ _§~---- I 18·-----·-- _£Ullll}_~i9J212J;.Q______ ---

-~----~---. - -- 9 4 ~-----1.2. 
~--__ J_Q _____ lQ_?_ _ _l_~j __ 

20 
______ 1_1 ___ _ _ll 5. 5 _______ ls _________ -~0:1llJ2.k2_l__U1~-----------------

20 
~-12 ·--- _ _12_6 ________ J]_ ---------- _________ · ----------- ---

18 
~-ll ______ 1_]_(5_,_6 ___ -22------------ ----------·· ------------------------

27 
., ___ H _______ ___ Hl _____ ---34-- -----·------------------ ----------------

1"1 
----~5 _____________________________ Suc!j_~~"!__~ose~ __ j.I_<2~en~ sto1~ped 21: ·15 p.m. ___ _ 

Installed 133' of PVC casino ····---·-- -~---- -·--·---·-· --------- -----·-·-·--- --------·------------·-·---------~----

-------~----·---- ____________ ---·--··- ·-··-- -·-- .El!llE::cJ __ s.t.s;..eJ_J2.in_e _________________________ _ . 

-
- --- - -

1 

- -- -- - - _____ ~-- _____ ! Top tl]crnljH~L js__l9 .5' _bel OJ< ice l eve 1 



. . I .-

! 

/, 

ENERGY, MINES AND RESOURCES 
----~--·--------~---~---~-------------

HOLE NO. X?:.::_J~_l_Q__ 

LAT. 

A!~EA SHALL.0\-1 flAY 0/HE t-1ARCfl 26'--'/7-'-7-
·1 fn·e-lr--=-cooo feet 

\~ATER DEPTH + ICE _.2.~_5_ feet __ _ 

LONG. ICE THICI(NESS __ 4_ fe~:t. _____ _ 

__ r!!i .. L -~ ~~~i!TI~~~- THiE --- PR_ES~ r--------·--- REW\RI<S Starter! dri ·11 i~~Ol~::~~essu 
l 0 · 5 ·1 0. 5 I _lLa.t.e.x ·LLto.oi...__.s_j.lt.___ _______ _ ------- -------·- -------------- -
10.5 none 

none 

none 

10.5 ---~---~___52~5.__- __ _.:!_~1 ~ ___ Sample: fine si.lty ·sang_at 5.05_ft ___ none 
(i") 

l min m Sample: fine silty sand at Gl ft 

I 
.. 91nTn-g---

73.~) 25 min -1 Hit pennafl~ost at 67ft 10 nrin ·in 
---~--1-----·-- ----· ----------r----....... ---

13 nri n C; second 1 
84 1.5 mi 1 ;::J Sample: finer silty sand at 82ft af_ter fil~s 

----t--;c -----···-'--/."-·-!----· ::______, 

5 mi nl ~ 5 min 
10,5 94.5 2 min G3 Ice lenses started ar·ound mid :[ox:. whoh~ 

!----"--' -- --·---~----- ------------------------------------
----~- -- G min section ·lenses sect-ion 
__ J.QJ> ___ _ l 0 5 ___ !?_jJlil1. ______ _none 

10.5 63 ____ none 

'10. 5 

10.5 

11 min 
_j 0. 5 __ _]J_5_L_5__ G_m:Ln _____ ----------------- none 

1'1 min 
__ J.Q_J) ____ l2fL___ 7 __ mi! -----------------------none 

12 min . 
__ _J_~-~-- _]_3_6_,_5_ __ l~ __ min ______ -------·-----------------none 

1
22 nrin s 1 10 min i')·· 

__ j_Q_._G ____ ]_47 ___ ,.LCLJnin ______ . orne enses. ------- ., as t 1 ;: 

l0.5 Ei7.5 -------'------
26 m·i n 
-9--lll-=W:l-:---------·-+------------------- lust 4 m·l r 

__ ]_Q_._t) ___ f--~-~-1 . 2 5 __ 3.0_min-l--.,...----2-i _P<::__~-~~1_~--~-~ t _P e_-n~-~-a ·t:_e _f_· u_~~~:_l::_ ___ lj~$_L_2 3 111 -; 

Installed 200 1 cable #166 & taped on 100 1 

------------ ----- --------- --------~-~----~-----____________________ __........ 

cable 11"148 ... last thennistOl~ of 148 
------------ ---------------- ----·-----------

is 10 ft from first of 166 · 17 thermistors 
-~---------- ----------1--------t--------- ---------------·-···--------······----------------·-------- ..... 

Stopped dri ll_j ng_: ___ }~: 39_. ______ ----·------· 
··---· ·····--· --·-····- ---····--·····--·-- -------··-··]----------··-··· ....... . .. 
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J[T-ORILLING LOG 

H 0 L E N 0 • _ ]I:·:..L:JJ_ 

LAT. 

A!~EA --~Ji1LLOU. BAY DAT.E J1~RClL_2]_l_,_7 7 __ LINE B 
9000 1 

viATER DEPTH + ICE ___ LJlU~---

LONG. 1 Ct THICKNESS ·--------~-~---·----

PIPE L DEPTH PRESS REW\RKS 

2 21 1 Loose silt 

3 31.5 1 
~-,_...,.-...-.:~~-----...--·~~-·---··-- ----~--. ~·--·~--

Loose silt~ coarse sand 25-30' sample 31 1 cla) 
-·------~----·-··----~. ---·-------- sill 

·---~~- . ___ J_f_ ___ l. . -J~--- ---~--- _5~_!IJJ?l~:5'..L~l:.,.~~~l-~_t:lj__s h_~_s ___ _ 

---~---§--~----· __ §2,!_.5__ _1 _____ ~--. ___ ?_0~1_P 1 e . .9.,L?_?~---~-~-~.!!~~j_:!l_ ________ .... _ 

~~- ~-~---~--~:~-. __ ~- ··r=--=r~~~~-~: ~~~.: c_l ay a2~ flOOd Chi ~S ~= 
·--~8~---,---· . . ~---- ·----~--] __ Qy i C k Sjl_IJ.Q __ L _ _9 ri J_}_.J:QQ..J?__§j_{:_~j __________ _ 

.. ___ ---~-~-j~~-----· __ S.1QR[lJ~Li:\_:L7 Ll'. .. LL~_fY.~...slLJ_:JL~~Jil.:... _____ _ 

~~----~ ~-----~----·--~-- --·---~ __ los__t_g,lle.d __ thexmtstoc___c::_~.QJe f.lLG?_~------

-·~-- 2 .tlw....r_mis..:l:DJ:s__on..sur.fs'lc...e ______________ _ 

3rd thermistor 0.5 ft below surface 

---.......----~ ---1-----~-~-~-·--------~-------------------~-----

I 
.. -----·-----·---------·. --· ----- __ j ................. -

I 
I 

' 
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HOLE NO. 77-T-·12 
---~·-~----

/\REA -~_HA_l.J_QyLBAY Line B 

Ll\T. 
·--··----~----· 

\•JATER DEPTH + ICE -~ _ _lL2 '---

LOt~ G. ICt THICKNESS 5' 
-----~·-

?_ 2"1 1 ----" --r---------------''----j-----l-----"'G.cl_,_~ttiY_S i lt'---------------

---~----- _):...:l,...:.·..o:.5---l---'1 ____ 1 ________ Loos_e_~sjJ_L _ 

_____ 4_-· ________ _ L]JL ___ ________ E.e.Dn_a£c.o.s_Ll...t__3_L_ ______ _ 

------1--- .. I __ Gas_b.ubbJ.e.s_at..3E 

------+-----+-----+------·I--'--Ga__s_cte.tec.i.o.r--r.e.gj.s.ter-e.cL...dange:+-l"--

----+------+-- -+-----+--Fl_a __ r_e __ d __ b_u_l2_bl_es~ ended hole ]2:00 nog_1_1_ 

Installed cable #169 --------- -------1--------------- ---~...:..:::..:: 

_____________ L__ 5th tf1~Dnis__Lor_5.5' Qpo'--'-v""'"e __ _ 

_______ -------+-----~--------r-.LiJLcJ.u.ding_..\'Le._igb.__,_t'+) __ _ 

------ ------------------1---------

--------+---------<----- ----- ---------------------------

----------+--------------+-----1------------

-----·---r--------------- -----+---------------

-------·---- ·-------- ------··---~--- ----·---------------------------------------·--

---------·-------

-·----------- ---------- ------ --------------------------.--------------------

------------~---- ---------···---- ----- ------------------------------------·------------

. -· ···-:····--- - -~---· ------------- ----·---···· ---· . ····-----·· ··-·-------------------------------------------

····· - - ....... 1. ·--- ------·- -·---~-J 
I 1 : i 

-.. ----·~· -·· ... -- -----·· 
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JET-DRILLING LOG 
---~-~-~·-·~-·--------""" 

HOLE NO. __ 77-T-.:13 AREA .Adgo._J.:-.27 

69° 26' 30" LAT. 

LONG. 135o 50' 52" 

10.5 10.5 ·1 min 100 

l 0. 5 21 1 min 1 00 
--~--- ---------·--·-·----- --~---·~ 

\~ATER DEPTH + ICE __ 5. 5 feet __ 

!Ct THICKNESS 5 feet ---· -------

--··----------------

------·------- ----- --·-- ------------ --·---·---.-------------------·--·-··--·-· 

-·---·-··- ----· ------·----·-·····-- ____ ______________ SJ:Q!21! ~(Ld.r.iJJing_; __ ]]_;~Q_g:... _____________________ _ 



i 
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JET-DRILLING LOG 

HOLE NO •.. .77::1.::11~ AREA 215 miles North 
-·-uf-1\dgo 

DATE APRIL 7, 1977 

WATER DEPTH + ICE 7 '1/2 feet 

Icr THICKNESS 5 ft ice + 1 ft snow 

----- --~-------·-------·····----·---------~------------·-

PIPE L DEPTH PRESS RE!-'1ARKS 
----------- ----------·----- ----------- ------··--- -----

10.5 10.5 Started dril1inq: 14'5 ---------,-------------- -----·----- -----:::-----------· 
__ JJ1 . .5 _______ 2_1__ _3D_s.e. :s ____ .il_ ___ t-----

-< 

_ __J_o....£L_ ____ _3l...5 ____ iiLse _5 _ ___s ____ S light via ter f1 ov1 ·- no s ampJ e ___ _ 
:=.£: 

__ :ULSl~!\2 ____ 30_ Sf5 --~----·- .. 
___ l0_,_5 ____ 

1 

__ __52.......S,__ __ }9 s e __ ~--~ _ _ ______ _ 
7J 
fT"I 

__ J_Q_: __ ~J JJ_ 

1

_:30 -':tiii f: _+__ s 1 i.g.hL.flm·L=-.JlQ_s arnple__ ____ _ 

1 0 • 5 __ 7 3 . .2_ __ 

1 

__ J 0 s e ~--=::--f-- _S.oJJJ.e_j;JJ.iJLJ:La.r..cL . ..Lty_er.s _________ _ 

. ____ l9.:i? _ _j_Jl0 ___ 3_0_~eL~i~- ~- ____ .1 lard i mpe net rab 1 e__lQye r _::_.PiJil_e ___ b_QVlLc;:_c;r_ 

---=---~-~~---j· _- I ___ -=--~--- _Qtl.iL..:::...i.Ds..ta.JJ..e_d __ c_ghle_iL1S [J ftr_s_t ______ _ _____ J --------;- ---+------ __ !_b_en11i stor is 3 ft bel 01·1 surface __ -=:...3 __ _ 

__________ ________ -----l-----1---=-t=h~? rmi s tors ·in hole.:::...-_______ _ 

---------------·--+----+-----------·------- ----·-----------

·---- -------

........ -~- .. --·--------------- ........ ·-- --·-----~---1 . ---.... ·---------- ----- -.......... --- .... .. 

.. r ·-··r- ... r·--



,, 

. \ 

. ' 

Ll\T. 69° 30 1 46 11 WATER DEPTH + ICE 

ICt: THICKNESS 

6 feet 

ll/5 feet 

____ J_O. __ ._s _______ _]J_5_,_sl_] 5 ~~ 1 __ 130-]_SO ----·--~----------""'-----

_J_O_,_s_____ __]26------1-_ _l~l~_:i_~_J22___ --b o u t1cTrlg .. & llm1p ·i ngof\)=rp_e1_nTETi1 s·-se c t fo-t1----
_ .. l0.5 ______ J.36~5--- ~~i_ __ )_?_?__ _ __ ?___peo_[J_]_§_~olt!ill9 __ ()_ll.._l1 __ ~~o_~!_y_:f._ ti_~TI~....:· _ _i_~-~-- ... 

_ . . _. ,.., 2 people sitting,·on pipe .. samp-le lenst 
----lOT~------ ____ _1..9]___ __1§__~~Ul __ ~,.9_Q ___ 

1
_..c1.t--~ ~-6--fce-t:-~.umrf ... o:f-verv-compac.ted.-cluy.-.,.---
llttle water cohtent, appear frozen 

1r7 r 2? . gage 
---..:J 0.-5----·-·--- ----~~--~-:2.. ___ ---""---OllJ_ --f-tozen- -th+s--s-eet+on--(r p revi.ous·- v~er·e-·-very···h a l"d ·-goh1 ': 

had to tv;ist, stand on) sit on, jump on, c 
·-------··----· -----·· ---------···-··------·- -------------p·i pe··to- get-·i t-·movi ng-;--5-amp 1 e-·1 56·-ft·--;;:-·cla.y· 

as before, but mostly ·in suspension £< 
----··--· ·- ---- · ·----·--· ----- ·---·---- · · ----- · ··---- ··the re·f on~·- ·vm shed· avm_y-------------· -------- --· ··- ·:· ··---

1 0 r:: ·1 G3 r: 30 · · I gage · . . 
.. • ~ ..... ···- -··----· . .::.....~.J ._ ..... 

1

1 _ •. .I1!! 11f-··fJ'ozen .. tlo __ samp te. , . but s J. :t g. hL_fJ o1·1 ...•.. cou 1 d J.e l I. ther· 
. 1 · I 1·1us clay in suspens·ion 

... . I··----- .! InstalJec! 2 cub.les. 1/152~~~ {fl53 (top) first 
r l thenn·istor ·is 6 feet (bottom) belovJ surface' 

lG thennistors in 

Stopped drilling: 17:05 
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JET··DRIL.LJ'l~G LOG 

0/\TE APRIL 9, 1977 

WATER DEPTH + ICE 5 feet 

L 0 N G . .13.!").:'~ _5_5~.5 fi II ICI~ THICKNESS 13 ft 10 in 

-----------

10.5 10.5 Started drilling: 12~15 

-~~~~ ~~~L --~~:;~~-
100 

-r-~! bot!9~3:;~ i~~;~~e~~n ____ _ 

-" ' --··--------~---------"-------
1 

___ JiL_!i_ _41_ L2..J]ljll.J1_Q_ __ 

____ 52_._5____ __3_5_s_r_t______]Q5__ S_lj_g_h t __ fJ__()~:.- n-o-~ ar~1p 1 e _____ _ 

_ 6.3 __ 4.o_s~_

1 
____ _)]_Q _____ -----··------· ____ _ 

'--------! ~4.__nnl_l2D____ __ ~-------· 

--10. h 

---lO~-
therefore not retained, some silt & fine 

---~- ------- -- --- ..sand as W£.L1. ·-----

---- __ ·10~_ ~11i_:,1 150 Twisting f} push·ing · 

11.5 7_mi lll_J_~Q_ ____ J~~i_ s ti n~_:;~p_~~-h·~-~g-~~-~~~~~~~~~ ni_~-sam;~-e 
10.5 126 5 mi 1 155 lots of tvristing & nushing - sample at 

----------- --··-- -------~--------· -Tz4·-:n:·--.~·--cl-aY-·as·-at56v e-;----·trt·-rle-·r·e--ta·hTe-ct-
__________ lQ..j ______ .l19.~> __ _)3_rnit~ 150 as in prcv·ious sect·ion, sample at 135.G ft: 

_______ 10_._5 __ ___ __]_Lll_ ___ _ _l~--~11i -~ -~-;-~----- --~~-; g h ;;~-::·,--~~-~~:~1~~-~-----·-··- -------clay 

19 nri J1 -;-;;;·---- -T~;i s-~~---i-~~-~~-&-,-~~~~ 5 1~i-~~----,··------b -.-·--··-··-----~---, -····--
____ l0.~5--- ____ 15.6___ -------- -----------------·- -s amp -e--c.n-· <Jt)·-·'J·t----c -i:l':h-- ul~plng-up.--1.0. C.----

because of .9..~-- vJhi ch bumed vJhen 1 it. 
-----~--- ----- ----··---- ---- -------~-~-- ··--,-------~----------~-~ ... -----~-~---~----------------~---......,..-----~---

Installed 2 cables : #164 bottom 

til G5 top 

16 then1ri s tors be 1 0\v surface 

17th ·is 1 foot above 
..... ---~----···-···-------- -··--·----- ----··----···- ·-··--··--·--····-····--·-··· -·-··-· . ··---

---~--·· ------ -~ J 1 I ·--- -· -,.. . -·-·------ ----- . r··---···-····-·-·- ·. ··----·· ..... . 
Stopped dloilling: 15:35 
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JET- DfH LUNG LCYG 
.,_~.~-~-~-----···------~--

DAT.E -~EB_H,_ _ _]Jh ... J_9_7J 

LA T • ___ 65l~ __ _3_5~_J_2_ II HATER DEPTH + ICE ___j_Q_. 5_'_ _____ _ 

L 0 N G • __ 135.~____!)_!)_1_]_8 II lCt THICKNESS __ _,6,1 

------~·----------.--~---------------~---------------

PIPE L DEPTH Tlt-'iE PRESS RH1AFKS 
------------ -·---------------.. -SjlJl_ --- ------- ____ _ 

-------

-~----~-- ---------· _5.a n_g_~___gx ave 1 ~!1 d c l_.9_y ___ _,_J?.Qml2l~--;n~ 

__ S_(!. _ _®? 1 e _1J~--

_5 _____ 5_?..:__5 ____ } __ --+---- __ Sof-_t __ ~lQY-

__ 6 ____ 63 __2_ __S..o .. U_.c_la,y__ ______ ... --~--

7 J 73.5 Soft clay, · ·· • Sampl(!_.73' 

~ : --=-~ ~;: :L~ ~~~ --~---- _:~~ f c :~~~~~~::: 1 ::~: :: i ~~ ~d_:~:~~e. :3~ 
___ _l_o.._ ___ J..tl5.____ _ _____ ___I LS..L.d._JJJ.J..J19.~-~--o ---'--

__ ]l_ __JJJL!"L. --}-- ________ ....E_a.s.i:.....ctd .. L]j .n g+_.bar.c.Lle.nses...,_~S..CJJldl. _______ _ 

l ______ ..S.of..LcJ .. a'!/--

_____ J3 ______ l ~6. 5 _ ___j_ __ --- ..........S.o.f:.:t....cla.~ -- --------

____ _li_ ___ _ _11] ______ -~·_I. _________ s tj f f .sJ.-9.L __ ~----------------·----
____ , §__ __1!iL5 _____ L_l ________ _sti_ ff --~1M ___________________________ _ 

G 
_____ l~ ____ _l 0_G.. ______ fi__ ~---------- __ 3..:t i JL ... t:19.'i.L.? .. s:.umsL h a lf.._y ~r .. 'L-~ t i i..f:o. __ j ~-~------

4 bondin~j'? 
___ __l]_________ __]lB_, :.> _____ ----~) _________________ _J_e_r.'L~JjJf._ ~:1~-------------------··-·----------·----

18 
________ J~L _________ J_8~------·· .l7. ___________________ V.e.ry_stj fi .... cJay -----------------------------·----·-·- __ 

20 Pipe dropped last 11 - sand? 
_______ l2 _____________ ].99 .. S ____ 2Q _________________ .Stjff. __ cla.y_~-·_jJJ.C.n~ased ... pump_ __ press.ur:.e_,. __ gus 

. ____ 20 .. 

. . ···- - -- -~-

! 
1 

.204 . 
19 bubb.les 
..9 ___ ·----------··.:...Pipe cltopped ... -.sand1 .... Bubbles. flared .. _ ...... 

j ..... , ~ . __ ~ stopped 4:23 p.nL 
-····r·----····---~· Intalled thelllllSLOl. cables ........... . 

l. L tfl62 {bottom) £L #168 (top) 
! 
: Top thennistor is 2 1 above the ice surface 
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JET··DRJLLING LOG 

HOLE !W. __ ]J::L-:JB AREA -~~rq~~~S-r DATE -~~Rl.L_Q_?_ _ _l~ZL._ 
LAT. 69° 37 I 24 11 W-\TER DEPTH+ ICE 20 1 

I C!: TH 1 C KNESS _______ 1...__§_' _____ _ 

1 l 0. 5 ----------- ------------· ----c-------------------- -~---·---------

r; 2·1 o Start 1"1:27 a.m. 
--------'---- ___ ..:-.._.!.__ ___ ----- r-------- --------------------

1 Gravel and sand on bottom 1 1 soft clay __ _3_______ 31 . 5 __ _L __ -----+ .__: __ 
2 

___ Jt ____ _12 _______ ---2~-·-- ---------+_s __ ;_·l __ t_an,d clay Samp1 e 4·1 1 

l 
__ _____s ___ 5_2_.__5 ______ _ ___] --~f t c 1 ay 
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LAT. 

NETSERK 
AI~EA __ tjQrtlL_ 

JET -DRI LUNG LOG 

D!ffE 

~J/\TER DEPTH + ICE 

J.Ct THICK!~ESS 

--------------·- -------------------------·--------------------

APRIL 5, 1977 

23.5' 

5' 

PIPE L DEPTH TH\E PRESS REf/lARKS 
--------------------- ---1~11-LI-- --·-------- -------------------------

1 10.5 

~-=:-~== :;~ -=6 h~~ ;; Soft botto~;, hard gl'itty la;ers Sample 31' 
----------- 6- -------------------------·-----

4 42 2 100 Clay wjth hard layers, cobble Sample 41.5' ___ 1 ___ ---·--·---· -----·'·----------------·-----------
____ §_____ ___!2£_~--- -~J)_ _________ -~o f..c...t_c_l_a....,_y _______ _ 

---~---~ __ :_c5_-_J_L_~:~---~-:: :;;~----- ::;: ~:~5· 
___ lL __ T.B.1 ....... .J __ j __ j__l2_L __ .SQf LcJ_ay_jn_.uRrer.Jli!lf_,_.silmLilLlo:M.eL .. . 

_ 
1
____ _ _______ L______ _llali.ie.il.s.y__d.riJlirtCJJ_s_Q.O.<L.a.n.<i _ _gr.fJ.\f.e_L ____ _ 

_____________ [___ _ ________ Jj______ _r__p_tu.cns....?~_be.a.cL.Ltr.e;JJ_L _ _Samp_le....BJ_~----
--------------[-_:·_ j .G.as_hu bb_le.s_,___p_ip.e_.s_ej_ze.cLanclll.l.o..c.k.e.d ___ _ 

-·------- ------- ----- -------- -Ho-1 e~-1.9-=-.o.ILddJJ.ed..J..Q_L.oJ:..fs.eJ:.-to._a_ _____ _ 

------·-- ----

___________ ..l).rJJsb ___ Jl.:S5 __ a_,Jn_.._ ________________________ ~--

~---~------·-·- ----------~---------------,------------~---__..-·~-----~ 

• ~- ••• -~-~-~-~= ~ -~~r-=~- :: ~=--~-~: ·:····· :~:=·-~=~=-=:-=::_==== =--=~- _-
-.. . . - -I - . ! - - ............. ·-· 
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I 

E I~Xl\~-~2-.!~~}~~ E ~J\ll_Q __ L\I?9~L8.U_0____ _,)JT- DR I Lh_L!'L~~J:~9·G 

HOLE NO. __ _?._I:. T ~10 ARl:A ~JE:~~-~!>j~O 1 DAT_E _l\PBJLL4-JS11J_ 

L/\T.. 69° 41 I 53 11 

---·--···--- ·------
\-.1/\TER DEPTH + ICE _2 _ _6_. __ -""-5_1 __ _ 

LONG. 135° [i!J- 1 00 11 ICt THICKNESS ____ 5'-~--------

PIPE L DEPTH THiE J PRESS RHV\RKS 

=~~l -=- ~-~ ~:~) ----- _---------_[~~==~ ---------------------
___ £__ ______ _?_}_ ______ _ 

3 __ 1 __ ._5 ________ l-----_____ __3 _ _ _ ____ S.oft _ _b_o_t_tom, __ cl=a ---------"---------
2 

___ _!___ ____j_:~------_(,____ _ ____ S_LLtjL._.§.tj f f _ S 9JHR.Le__A]__' 

___ 5 ______ 5 ~-~--~ __ i___j _______ San.d_gr.a1'.e.4._hlud:iJ)_g__p_ipu:.ce __ ....J.S.amp1.e._.5l. 5 1 

---12----- _j2_6 __ _ Clay, soft ------------·- -- --------

____ rL ______ ]3.G_.s__ --~-
14 147 5 

-------------- -----~- lG---

_____ Soft c}jl_y________ _ _____ _ 

__ ] __ S_Q f Lc 1 ay5 __ gril"'"~J_l_GJJS e_j __ ~.Ji:Lj_LI~l'_ ___ _ 

_______ l5____ __]_?]_~-~---~------- _______ -~So_f:L.cJ ay ______________________________ _ 

____ jli_ ___ .JJi8 ______ '--~ _____ --c------ .. .S.t:i.ff._cJ_ay_ , __ jJJCJ'e as e d_p.wnp _ _pressur.p ________ _ 

17 lZ8 5 6 I Stiff clay -------- ------ ------ --- _.__ ------ -:r--------- ---------- ---.--------------------------------.,.----------
18 189 8 Stiff clay 

------------------- -... ---· ·----·------ ~------- --------- ·- F as:CcirT1'fir19"1i1-uppe·l~·-se"ct i 0 n ------------------·-

1 ~----- __ 1_99~_5 ____ -~------ __________ Sq_f_t___s_l__sy:_,_ ___ ?_ti f"[_~]_~lJ'_"iJ}_~ovJe):jJa 1 L ______ ___ _ 

________ g_g _____ 20/l ____________________________________ .5tjf_L !=19Y ______ s_t9PP~9 .. 3 ~J_G_J~~lTl:. ______________ _ 

. -------·- -- --- ... 

1 

--------------- ______ .... -----------------1 Ins ta 11 ed thenni stor cables _ _#1] 3 __ ( [)ottom ____ _ 

. .. . . ....... ~- __ ... _ +·-· . : L.- ·- ___ . i .. and __ j/.170 (top) ___ Top thenni s tor is 2. 5' 

1 above ice sudace 
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LAT. WATER DEPTH + ICE 27.5' ----
LOI~G. 135° 53' 30" ICE THICKNESS 7' 

·-------

__ _Q_ __ 

5 
_...:.._9____ _ 9 it~ 5 _ _6 ___ 1------ ..sill~:L.cl.ay_~ __ j..c_e_lens.e.s.-7 

. 9 
_____ lQ ________ l 02__ ___ JJ ~So.fJ:_cl_a_y ______ _ 

9 Upper half soft clay 
__ l_l ______ ll~ · _f~ --l-----·-- .lDl:Je..l::.J:\.aJ.f - c-,ltnd..,_.p..ip.e~....cLrop.pe:.wd,__ _____ _ 

"12 

.. ?: _______________ .E..as.t._d_rilLi .. l:L9----=-S1ill.d.._La...c;_t_2..~-J1e.n.Ls..l.mL..l-¥-
5 

___ J-.1_ __ L1L .... - ---~----__ . S.nf.L.f.'J..a..y_. __ _ 
5 

·---~5 ___ . ___ lS.L..6 _ _1 _____ .. Sof±. .. cJ.a~L..___ 
6 

____ ].6 ______ _]_68___ _fi_ ____ ------··-- S.oJ.:t ...... cla-;)L-----------
7 

·---------·--
178.5 6 Soft clay _______ lL ___ ··-·-·-·----·- --·····~·- -----· ·-·-··--- -------------

10 
__ J.fL_ _ __ l?.~------- .J.?. ______ -····---- s ti.ff.:...r~Cl.'L. ____________________________ _ 

"15 
____ ].S,L _________ 12.9..:..? ______ ]2__ _ _______ s_t:Lff .. _ru_y __________________________________ _ 

- ---20---·- . .fQL_r-·-·--l~---- :J:.ifLsJ ay ________ ~S.topp_erL1L:.5G.. .. !LDL _______ _ 

·-·-···- __ .. --·-·-·· -·····---·----~------ --··- ··--------·- ... Ins t aJJ.ccLtb e r:mis..tru:._c u bJ. e.s .. .!L U .. 5 .... (.b.otto.~:n.)-__ _ 

-.. -·· ...... --~--- -·- ------ ·l--'· .... : .. --·· . -.. ---- -11] d .. n 6.1. (.top L ..... I 0 p .. _t lw nni.s. tor_ j .s .. J.' -"l bo.v "· . 

__ ..... ·--·--------····-··---------·-------·J·-~---------'---··----- _____ _JI_c:.c ... lJ~ vel _________ ---~- ... ---·---------··-·----------········ -- ---· ·· 
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100. TJIEH!VJISTOl{ CABLE INSTALLATION IN l'ElU\o1AfHOST MATE!UALS WITH 
A WA'l'El{-JET DRILLING METHOD 

Project 7~J0006 

A. S. Judgc1, J. A. Hunte!', 11. L. Good, J. Cowan and G. Hobb 
Resource Geophysics and Geochemistry Division 

In an attempt to obtain subsul'facc temperature data 
in frozen surficial matm·ials of the Tuk1oyalduk Peninf;tlla-· 
Macl,cnzie Della Region, we are experimenting· with a 
watel'-jct drilling technique. Wntc1· jetting in penna­
frost is wfdl known in place!' mining Hnd the drilling 
technique has been used fo1· installing· piles in Alaska 
and northern Canada. Our application involves the 
installation of the1·mistor cables at shallow depths in a 
rapid, inexpensive manner. 

With a l'elatively small watcl' pump connected to a 
l-inch I. D. steel pipe, we drilled n number of 3-m holes 
in frozen nnd unfl'ozcn silts, sands and gravels during 
August 1975. No special preparation of the drilling 
end of the pipe was used. In unfrozen materials drilling 
rates exceeded 0. 5 m/min. whereas in fl'ozen materials 
drilling· rates were in lhe orcle1' of 0. 2-0. 3m/min. For 
these cxpe1·iments we used sea-watel' at "' 6°C as a 
dl'illing· fluid; the pump used was a WAJAX Mark 26 
Centrifugal 2 stag·e unit capable of developing· 150 psi. 

Decpt~r drilling· with this unit resulted in a hole to 
a depth of 20m, limited only by Inc!' of further drilling· 
pipe. No appreciable chang·e in the drilling· rate was 
observed at depth. 

To complete the preliminary experiments, a hole 
was ddllccl for a thermistol' installation at the Polm· 
Continental Shelf Project base at Tuldoyatuk. A depth 
of 20m was achieved in 55 minutes tllt'ough frozen 
sand and silt. The drill-rods were left in place and 
two thermistors were installed at 8 m and 15 m within 
5 minutes of drillhole completion. Temperature 
readings commenced 30 minutes after cable installation 
and temperatures were monitored for 1750 minutes. 
Fig·ure 100. l shows the return of equilibrium of the 
drillhole; it is apparent that a "zero curtain" persisted 
for the first 1000 minutes representing· refreezing· of 
the surrounding walls of the drillhole. The apparent 
refreezing· temperature of -0. 08°C rather than 0°C falls 
within the calibration limit of ± 0. l°C and so the 
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difference is probably not sigTiii'icanl. Once refreezing· 
was complete the tempei'atuJ·cs started to. f';lll l'npidly 
at a l'atc of app1·oximately 0. 005°C min-1. If the log·­
IWithmic l'eturn to l)quililJI'ium is n valid extJ·apolntion, 
the final equilib1·ium temperature is -8. 8°C to -9. 5°C; 
these results are consistent with other nwnsu1·enwnts in 
the Tuktoyajduk m·eu. If the extrapolation is valid, a 
very close approximation to equilibrium temperature 
is achieved in lt:ss than 10 clays. 

l\1cnsurcmcnts were ag·nin attempted a week later 
and both tlwrmisto1· enblcs had failed. Attempts to 
recover the pipe and cables were impossibl(~ in the time 
available. The cause of' failure is unknown, but may 
have resulted fl'Olll cli('fcrential freezing of' the leads, 
as observed elsewhere. Displacing· wntcr in the drill 
pipe with antifreeze or the use of a st1·onger eable 
should OVel'COmC this. 
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The nclvantng·cs of' this technique of' dl'illing lie in 
the speed of' hole completion, the low wcig·l!t and cost 
of' the equipment, the simplicity of' usc ancl the case of 
trnnspo1·tntion. Tile major clismlvnntag·cs a1·e the need 
fm· n plentiful supply of wate1·, which is pumped into 
the hole nne! suJ'I'ouncling· mcdin, and the Jack of 
recovered cores. However, we believe that the water­
jet dl'illing· method has g'l'eat promise ns an inexpensive 
technique to ncquin~ large amounts of shallow subsurface 
temperature information. 
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Polar Continental Shelf Project. 
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17. AN APPLICATION OF HYDHAULIC JET DIHLLING TECHNIQUES TO 
MAPPING OF SUB-SEABOTTOM PERMAFROST 

Project 740102 
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Dul'ing· April 1976, five experimental holes were 
drilled into the sc!abottom of the Beaufort Sea Shelf 
near the Mackenzie Delta. Thermistor cables were 
installed in all holes and temperatures were read at 
periodic intervals during· the weeks following installation. 
Accurate measurements of sub-scabottom temperatures 
indicated permafrost was present. 

Location of Drill holes 

Land-fast ice can be found extending as much as 
20 miles offshore in the Mackenzie Delta area. In March 
and April the ice is often greater than 2 m thicl~: and 
offers an excellent platform for a light--weight drilling 
operation. 

The locations for the five holes were selected on 
the basis of existing sub-seabottom permafrost anomalies 
(see Fig·. 17. 1). Two holes were drilled in Shallow Bay; 

1 . 1 Earth Physics Branc 1 

2
Resource Geophysics and Geochemistry Division 

----·---------,-· 
Fr·om: Report of Activities, Part C; 
Geol, Sm·v. Can., Paper 76-1C (197G). 

T-1 and T--2 were placed over locations of holes previously 
drilled by Northern Engineering· where indications of 
ice-bonded permafrost had been found at shallow depths. 
Holes T-3, T-4 and T-5 were located on an east-west 
line approximately 32 km north of Hooper Island 
perpendicular to a seismic boundary delineated by 
Hunter et al. (1976). West of 134°W; the seismic results 
indicated the absence of ice-bonded permafrost. 

Drilling Procedure 

Hydraulic water-jet drilling techniques have been 
used extensively for water-well drilling in overburden 
in non-permafrost areas and to some extent in permafrost 
(Cederstrom and Tibbits, 1961). A simplified version 
of the technique was applied to thermistor cable 
installation in permafrost by Judg·e et al. ( 1975). From 
this experiment a more elaborate technique was desig·ned 
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Figure 1 'l. 1. Location of drillholes. 

75 



to drill into seabottom materials f1·om nn icc plnt!'onn. 
The procc3durc is shown in Fig·ure 17. 2. ,letting is done 
thJ•oug·h u 2. 5-cm steel watcJ' pipe (3-m sections). The 
first section eon1ains a bit (eutlinp; teeth fashioned from 
a 2. 5-crn coupling) und 1 m of flighted section. 

A water pump system delivering· 235 psi (1. 74 MPa) 
shutoff pressure was used. Pressure losses at the hit 
as n result of frictional losses in the pipe and the 
hydraulic head are estimated to be 1 psi per fool 
(. 023 l\1Pa/m) depth below sea-surfact3. Additional 
frictional losses in connector hoses, couplings and 
swivel-head could not be accurutcly estimated but 
probably result in the loss of a further 5-10 psi 
(. 04 to . 08 MPa). 

Immediately after disconnecting· ut the swivel to add 
sections, washed samples were obtained from return 
flow up the pipe. 

lt was found that chang·es in drilling; 1·ates could be 
correlated with change in type of materinl washed as 
well ns the degTee of icc-bonding. In unfrozen recent 
muds drilling rates as hig·h as 6 m/min were achieved; 
however, when drilling in ice-bonded sand, the rate 
dropped as low as 0. 03 m/min. 

Holes T-3, T-4, T-5 were drilled to refusal. In all 
cases temperature cables were installed by lowering· 
throug·h the drill pipe. After cable installation the drill 
pipe was disconnected at the coupling close to the sea 
floor, raised up several feet and was allowed to freeze 
into the surface ice; hence, ice movement could occur 
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Fig·urc 1'/. 2. Diog-rammatic representation of drilling 
technique. 
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without damage to the installation. Most installations 
were visited and temperatures were read at least three 
times during· the surve:,: period. 

Results 

Shall_<_Jw Bay (Fig. 17. 3a, 17. 3b) 

Two thermistor cables were installed in the 
Shallow Day holes to depths of 30 and 50 rn and the 
cables were periodically monitored for more than 
500 hom·s after drill completion. A resulting· ratio of 
settling· to monitoring time of 58 on the last log should 
be sufficient to determine an equilibrium temperature 
if not to achieve equilibrium conditions. 

Both temperature curves shown in Figure 17. 3a 
and 17. 3b exhibit the same characteristics of hi g·h 
positive temperatures (maximum of +2. G°C) 6 m below 
the sediment surface, negative temperature g-radients 
(GO to 260 mKm-1) and negative bottom hole temperatures 
(minimum of -1. 4°C). Although no sensors were ple1cccl 
above 5. 5 m in T-2 the spring·time near-surface sediment 
temperatures are probably close to 0°C which is similar 
to T-1. 

Since the sensors used had a calibration accuracy 
of only ±0. 1 °C there is some uncertainty in the depth of 
the 0°C isotherm. In T-1 the isotherm lies at 15 ± 2 m 
below the sediment surface compared with a frozen 
ground depth determined from drilling of 14 ± 1 m, and 
in T-2 at 24 ± 2 m compared with 25 ± 1 m. The close 
correspondence between permafrost depth and the depth 
of ice-bonding sugg·ests a lithology of fe1irly pure sand 
containing· fresh water (0 to< 5000 ppm dissolved salts). 

The observed temperature profiles can be explained 
in two fundamentally different ways. One involves 
essentially an equilibrium or near-equilibrium situation 
in which the two holes were drilled through topogTaphic 
lows which locally retain water beneath the ice in winter 
but are surrounded by a sea bottom to which ice freezes 
in the winter. In this case permafrost at very shallow 
depths, and perhaps ice-bonded, would be widespread 
with tali!< zones developed in the topogTaphic lows and 
on a surrounding shallow thaw zone corresponding to 
a sub-sea summer "active-layer". A second explanation 
involves non-equilibrium conditions in which the mean 
temperature at the sediment surface has increased from 
below freezing to above freezing temperatures and the 
permafrost is accordingly degrading from the top. This 
mig·ht be explained by a myriad of surface phenomena 
such as rising· sea level, depression of the surface by 
sediment loading, shifting river channels, etc. The 
current depths to the top of permafrost sugg·est an 
increase which commenced 500 lo 1000 years ag·o, 
present bottom-hole temperatures sug·g·est that the 
previous sediment surface temprn'aturcs were at least 
-3°C, and that permafrost thickness may be in excess 
of 100m. 

To distinguish bet ween these two explanations fm· 
the curves requires f'urther g·eophysical worl<; and 
clrillinl; in Shallow Bny. 
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Beaufort Sea (Fig. 17. :lc, 17. 3d, 17. 3e) 

Thn~e further thermistor cables were installed to 
depths of 30 to 59 m beneath water depths of 13 to 16 m 
on an east -west line approximately 3 2 km north of 
Hooper lslancl. The cables we1·e monitored for periods 
of up to 340 hours after completion ancl since drilling 
time was somewhat less than in Shallow Bay reasonable 
ratios of settling· to drilling· lime of GO to 70 result for 
two of the holes. At hole 'J.'-5 the icc surface shifted 
between log·s breaking· the cable at the sea bottom, so 
that a sing·Je log at a tinwratio of 77 is the only sub-bottom 
information obtained. 

The appearance of the temperature logs at two of 
the sites differ dramatically from one another. Although 
in all three cases the temperatures at the sea bottom are 
similar at about -i. 5°C, T-4 shown in Figure 17. 3d 
exhibits a positive temperature gradient of 57 mKm-1 
at a depth 10 m below the sediment surface and the 
temperature rises to 0°C at a depth of 35 m, whereas 
T-3, shown in Fig·ure 17. 3c exhibits a negative 
temperature gradient of 15 mKm-1 at a depth of 6 m below 
the sediment surface and the temperature falls to -1. 9°C 
at a depth of 4.4 m. The limited data on T-5, shown in 
Figure 17. 3e, is inconclusive; however neg·ative 
temperatures were encountered 17m beneath the sediment 
surface. 

Unlil<;e the Shallow Bay holes no particularly hard 
boundaries which could be attributed to a frozen to 
unfrozen interface were encountered during drilling, 
although ice was encountered in the sand near the base 
of T-4.. Because this sand is at temperatures between 
-0. 3°C and 0°C it must contain fresh water. The presence 
of ice-bonding or lensing· in other horizons in holes 
T-3 to T-5 is unproven. 

The temperature profiles exhibited by T-3 and T-4, 
sites separated by only 7. G km, seem to reflect two very 
different situations. Whereas T-4, the westernmost 
site, seems to reflect a situation in which permafrost 
has gTown to be observed depth and at present is in 
equilibrium with the earth's heat flux and the sea bottom 
temperature, T-3 reflects a non-equilibrium situation 
in which, similarly to Shallow Bay, the sediment surface 
temperature has increased from below -3°C to the 
present scabottom temperature, and permafrost thickness 
degraded from gTeater than llO m. Two sets of results 
provide insufficient evidence on which to develop 
regional models; however, T-3 and T-4 are on the east 
and west sides of a major north-south seismic boundary 
described by Hunter et al. (1976). It is tempting· to 
relate this boundary to the sea level and glacial history 
of the area. As sug·g·ested in Hunter et al. (Hl76) this 
complex history resulted largely in thin permafrost 
close to thermal equilibrium beneath sea bottom to the 
west of 135°W in contrast with the thicl~:, relic, degTading· 
permafrost found to the east. Since the thin permafrost 
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to the west is mainly in clays, ice-bonding is unlil.;:ely 
to be pres(mt and any icc--lensing· present may not appear 
on conventional seismic records. Wherever sands are 
present at shallow depth intermittent reflections might 
appear. 'fhe thick but warm permafrost to the east 
incorporates both sands and clays; presumably each 
sand horizon is ice-bonded if it contains freshwater, 
will act as a seismic reflactor whereas the clays 
containing ice-lenses only may not, this results in a 
very complex seismic pattern of refraction, reflection 
and diffraction below the first refracting· horizon. 

Obviously an explanation for the reg·ional distribution 
of permafrost in the Beaufort Sea based on two 
sub-surface temperature profiles is open to question 
but the combination of seismic and thermal profiles 
provide strong supporting evidence. Further thermal 
profiling and additional g·eophysical profiling using 
electrical and more sophisticated seismic systems are 
required. Part of the thermal profiling should include 
instrumentation of both offshore island sites and Dome's 
drillship sites. 

Conclusions 

Combined thermal and seismic profiling· of the 
offshore areas of northern Canada can provide valuable 
evidence for present permafrost distribution and 
character as well as provide some understanding of 
permafrost genesis and geological history. The jet­
drilling technique is a simple and cheap method of 
drilling· holes for thermal profiling to depths of at least 
50 m beneath water depth of up to 20 m from a platform 
of winter ice. 
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