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SUMMARY 

During the six-v1eek per·iod of March l, to April 16, 1977, twenty-tvw 

hales were drilled from the sea-ice ta maximum depths of 60 m beneath the 

sea-bottom of the Beaufort Sea. Each of the hales, drilled with a navel 
lov1-cost hydrau lic drilling technique was instrumented with several 

temperature sensors which 1'/ere subsequently monitored as the ther1Tiàl 

disturbance due to the jetting dissipated. Plastic casing was installed 

in three hales enabling seismic and radioactive logs to be run prier to 
installation of the temperature cables. Preliminary results show the 

widespread distributi on of permafrost in the sea-bottom but show additionally 
that it is highly variab le in temperature and ice-content. 



A STUDY OF SUB-SEABOTTOM PERMAFROST IN THE BEAUFORT 
SEA-MACKENZIE DELTA BY HYDRAULIC DRILLING METHO DS 

INTRODUCTION 

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

commencement of offshore drilling for hydrocarbons necessitates a corre­

sponding increase in geotechnical research rel ating not only to the 

current problems such as emplacement of silos and wellheads and the 

removal and placement of aggregate for artificial isl and construction 
connected with wildcat drilling but also to the eventual placement of oil 

and gas pipe l ines to the shoreline, permanent bottom-founded hydrocarb on 
dr illing and production platforms, construction of deep-water harbours, 
the dredging of sh i pping ch anne l s and the identification and location of 

shipping hazards. All such developments will require not only informa tion 

on the conventiona l engineering and physical properties of the sedi ments 

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

of sediments sufficient to determine the impact of variou s structures on 
those natura1 conditions. For long~term structures,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 t he environmental safeguards and reasonab le 

costs of production to best protect the Canadian people an d to provide 
future energy resources. A scientific understa nding of the natural 
processes act ive in the subsurface of -the Beaufort Sea is central to this 
role. Th e work described in this repor t is offered as a step towards 
achiev i ng these objectives. 

Hyd rau lic water-jet drilling has been used extensively for water­
well drilling in overburden in non-permafrost areas, for very shallow 
drilling in pile placement and to some extent for shallbw drilling in 
areas of di scontinuous permafrost (Cederstrom and Tibbits, 196 1) . A 

simple version of the technique was app lied to the problem of thermistor 
insta ll ation in onshore permafrost by Judge et al, (1975). Further 
development of the technique led to the system designed to drill into 
the sea-bottom from the natural platform of winter ice. Judge et al, 
(1976) used the system to drill five holes into the sea-bottom of the 
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Beaufort Sea shelf to depths of up to 60 m into 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 hales, thus permitting additional downhole geophysical obser­

vations to temperature. 

SURVEY AREAS 

Two areas were se lected for this season 1 s survey, (see Fig. 1), 

Shallow Bay, in the vicinity of a proposed gas-pipeline crossing, and 
north of Garry Island,where seismic velocities have indicated anomalous 
sea-bottom velocities (Hunter et al, 1977). 

Two lines were surveyed in the Shallm<1 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 hales of the 1976 (Judge et 

al, 1976) season at the entrance of the Tiktalik Channel. Two hales on 
this line adjacent to the 1976 holcs wcrc 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 1 line, north of Garry Island was positioned from the 
I.O.L. drilling islands Adgo J-27, Netserk B-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 1-i ne. 

ITINERARY 

An advance party (Neave and MacAulay) left Ottawa for the Polar Continental 
Shelf Proj2ct base at Tuktoyaktuk on February 28. 



Equipment and supplies were assembled at Inuvik and Tuk toyaktuk March 1-3. 

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

Main party (H unter, Judge, Collyer, Allen, Gagné, Burgess) arrived at Tuk 
March 5. 

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

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

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

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

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

Main party returned to Ottawa, April 16. Judge and Burgess remained to 

monitor installations. 

Monitoring and site clean-up completed, April 30 . 

The Shallow Bay camp was deployed by truck usü1g avai labl e ice-roads 
and was re-supplied by air from 1·uk (PCSP Bell 206). 

By March 28, all ice-roa ds in the area v1ere blown in so the camp 

was moved out by a Single Otter aircraft (casual charter). Because the 

sea ice along the Netserk line was tao rough for landing, the camp was 
flown to a prepared str ip at I.O.L. artificial island site Adgo J-27 . 
From there the equipment v1as moved by Bell 206 (slingin g), snowmobile and 

sled along the Netserk line. Two camps were set up, one at each of the 
Netserk dri lling isl ands. On complet ion of the Netserk line, bath camps 

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

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 \\lhite-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 



the 10 m bathymetric contour. 

Netserk drilling islands. 
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Rough ice was encountered between the two 

DESCRIPTION OF DRILLING EQUIPMENT 

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

Wye valve l 1/2 inch I.D. 

Pre ssure gauge 0-400 p.s.i. 

Longear B 25609 water swivel. 

Light weight aluminum tripod, 13 ft (l egs in two sections) complete with 

hoisting sheave und hand winch . 

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

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

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

15 foot, inch I.D. swivel hose. 

L-5 Hurritent (pump she1ter). 

L-8 Hurritent (drilling shelter ) wi th a tapered rectangu lar 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 General 51 ~ower head v~ ith 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 dr ill ed through the ice , 
spaced about 12 feet apart. The pump and drill tents were positioned over 

these hales and the tripod and stove were install ed in the dril l tent. 
To guard against icing, no start-up was attempted until unit, l1oses and 
other accessories were brought to temperatures well above freezing. When 
warm, the pump unit was removed to the unheated purnp tent and all hases 



and accessories quickly corinected. The pump v1as then pri med and started 

with the discharge by-passed in to dri ll ho le . After the drill pipe was 

lowered to the sea floor the swivel \'Jas connected, the ~~ye valve was 

switched from by-pass to the swivel and je t tin g (or washing) commenced, 

adding the l inch drill -pipe as required. Slow rotation of the pipe 
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string seems to in crease the penetration rate through most material, although 

if this is not always the case the persan doing the rotating may at least 

ex pe rience some sense of ach ievement . 

When j etting t hro ugh unfro zen mate rial . was hed sampl es are usually 

obtained from return fl ow up the pi pe immed i ate ly after the swivel has 

been disconnected to add a further l eng th of pipe. This return flow is 
thou gh t to be due to overpressu ring of the form ation. If the return flow 

is not interrupted the pipe string may fill with washed mate rial and 

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

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

made. This was done by one crew membe r placing his foot over the open 

pipe . Various bit and jet configurations were tried with no perceptible 

adv an tage over the norma l open pipe end . For holes drilled to 200 feet 

pump ing press ures ranged from 75 to 225 p.s.i. 

During drilling the time ta ken fo r each section, or half-section for 

slow dr illing, to ad vance past a set mark i s no ted as are comme nts on the 

"feel" of the drilling e.g. bouncing of the pipe . The individual drill 

logs for each hole are given in Append ix B and the drilling rates plotted 
in Appendix A. A combinat ion of the samp l e appearance and the drilling 

information is used to construct the lithological logs shown in App endi x 
A and summarised as simplified cross- sec tions in Figs 4 to 6. 
CASI NG PROCEDURE 

For thermistor cable install ation only the one inch I . D. jetting 

pipe was left in the hale and served as the casing. To ensure that the 
pipe string was clean th rough out, pumpi ng was stopped and the pipe pushed 

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

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

pi pe wh ich acted as a casing gu ide, and the 10 foot sections were connected 
with slip-on couplings cemented with quick- dry P.V.C. cernent . The casing 

was hand-forced to refusa l usually short of the tota l depth drilled and 

the one inch pipe pulled. Afte r the logs were run, a thermistor cable 
was insta lled. 

Dom-X ABS Purnp l ine drop tube, (2 11 x· 10 1 threaded sections ) later 

became .available but was not used. It is anticipated th at this cas in g 

cou 1 d be connected to the pump and \v as hed down over the i ron pipe wi th 
l ow pressures down t o the tota l depth dri ll ed. 
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LOGGING PROCEDURES 

The three drill holes which had been successfully cased were logged 

with seismic uphole shooting and radioactive tools while the heated drilling 
tent was still ava il able 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 with 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 
density l og (gamma-gamma), a porosity log (neutron ), and a natural gamma 
log; stations at two foot intervals \vere read to give effectively continuous 
coverage of the hole. 

TEMPERATURE MEASUREMENTS 

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

a total of 36 which were used, were manufactured prier to the commencement 
of the project by MacGregor Electronics Ltd., of Carleton Place following 

construction specifications described by Judge (1 973 ) using YSI 44033 epoxy­
coated thermistor beads. Two thermistor configurations were specified; a 100 
foot cab le with 12 sensors designed for use immediately below the sea-bottom 
wi th closer sensor spacing in the upper portion anda200foot cable consisting of 

l OIT feet of 10 evenly spaced sensors and 100 feet of. bl ank cable. Deep 200 foot 

holes were instrumented with two cables strapped together, one above the 
other, whereas shorter holes were instrumented with 100 foot or 200 foot cables 
depending on the total depth reached . Spare cable was simply coiled at 
the surface. Installation v1as quite straightfon\lard. Upon completion of: the 

the hole a 2 foot l ong, 0 . .5 inch diameter steel weight was strapped to the 

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

to the first were noted so that the dePth distr i bution of the temperature 
measurements was known. The thermistor resistance of each sensor in every 

cable was measured initially at daily intervals, using a hi gh 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 fai 1led 
completely after a major storm from the northwesl which presumably moved 
the sea-ice sufficiently to break each of the cables at the sea-floor. 
Thermistor resistance was converted to temperature after a small correc tion 
for cable resistance us ing computer-prepared calibration t ab les. The 
resulting temperature curves showing the variation with bath 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 disturbance caused by the jetting process itself. 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, isothermal sections can be drawn such as those shown in 
Figs. 7 to 9. Such sections show the spatial variation of temperature 
and hence the p resent na tu ra l permafrost distribution. 
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PROJECT COSTS - SPRING PROGRAMME 

Logistics Support 

Location Costs .. . ............. $ 6,000 
Ottawa· to Tuktoyaktuk 
(8 persans) 

Aircraft Support - f ixed wing 
- helicopter 

Expenses in transit . . . . . 

Drilling Prograrmne 

3000ft. of 111 i.d. water-pipe 

1,000 ft . of plastic casing 

36 multitherrnistor cables . 

Incidental equipment purchases 

Food for drill-camp .. 

Fuel for camp and drill 

Total . . . . . . 

• • 

• 

8,500 
24,000 

800 

$39,300 

$ 4,000 

1,800 

10,000 

2,000 

3,600 

850 

$22,250 

$61,550 

• 



During the peYiod of 1 March to 16 April a total of 22 holes were 

drilled and monitored at a 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. 
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APPENDIX A 

Lithologies, Drilling Rates, Temperatures 

and Other Geophysics Measurements in 

Boreholes 
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APPENDIX B 

Drilling Logs for Boreholes 



ENE RGY, MINES AND RESO UR CES JET -OR ILLI NG LOG 

HOLE NO. 77-T-l AREA SHALLOW BAY DATE March l 3Lli.._l977 

LAT. nB 0 50.83 1 

LONG . 15° 58.08 1 

PIPE L DE PTH 

10.5 in 5 

10. 5 21. 0 

10.5 31. 5 

10. 5 42.0 

10.5 52.5 

10.5 63 .0 

10.5 73.5 

10.5 84.0 
- --

10 . 5 86.0 

--·-

--·- ·-------~-----

TIME PRESS 

1) -

7 -

8 -

160 -

180 -

120 _J-2.,fl 

qn l?fl 

7 i:; l i;n 

i:; -15D 

-

--·r - - .,. _____ 
1 

- ----- ------.~ __ -J_ ___ ----

WATER DE PTH + ICE 7 feet LINE (A) 
2000 1 from 

shore ICE THIC KN ESS 5 feet ---------

RE MARKS 

~ ·ilt s ta_r:_t__j..6_: 4 0 

Si lt 

Si ltv sand 2 sam12le at 30 1 

(Permafrost) 
Hard , laver at 33 1

• samole at 41 1 fio e 
sand, 

Fine sand & silt wasbed, samp]e 51 : _5__'.__ 
Sampl e at 62 1 

Ice 1 ens.e~t1Ls.hell4-.11J.O.Od 

Clay with shells & wood chigs chips was 
--W-à~- -@d-.s-à-mp-l~ 7 2 

No sample 

Ran out of fu el 2:1 5 a.m. In sta 11 eù 
thern11 s t ër cab 1 e # 177 ( 200 1

) l ast 
thermi s ter i s 6' above water level 

t -- --------~-------- - -~- -~ 

si 1 t 

hed 
.5' 



ENERG Y, MINES AND RESOURCE S JET-DRJLLING LOG 

HOLE NO. 

LAT. 

LONG. 

77 -T-2 AREA SHALLOW BAY DATE March 15 , 1977 

68° 51 .09' WATER DEPTH + ICE 11' ----'-'-----
35° 57.77' ICE THICKNESS 5' 

LINE (A) 
4000' from 

shore 

PRESS 1 ____ R_E_M_ARK_s _______ _ 

1 10.5 - Start 11:00 a .m. 
---2--+--2-1.-0--+--5--+-- ---i Mud ·----------·--

PIPE L DEPTH 

3 31. 5 5 Mud, some sand and silt 

4 42.0 5 Mud 

5 52.5 5 - Silt, hard l ayer (permafrost ) at 49 .5' 
----"--+------t-----+------:--

6 63.0 30 - Ice l enses, silt, 11 :30 hose break at 53 , 
start 11:30, hoseoroke 11:50 

7 73.5 40 150 start 12:35 __ _,_ _ _,__ ___ _,__~-+--~-=---1---------------~·---

84. 0 1n 150 Stoo 13: 40 hose repair, restar t 14:35 new hose 
sample 72. ST clay 

__ __,_g. ---<- -""-94--'-'''""5 __ -+--...._1..,__1'--+-__.__1 z._o._ __ l ce 1 en s c s w o od c h_iQi., s h e 11 s 

10 ln5.0 ?1' i i;n F +,., J'I, ·11; nrt - ·----'= --+--'-"'-"<-"--"'---+-.,__,__-+--__._._'-'-'-----+- .a.s...w::.r .. . u.rJ~-----------

1 l _ _..._~1~1~5~ .5~-+----'2~5~-1-_._1 ...,_ i;,Q__'" __ .lce_ Jens.e_~ ____ .. ------------

_ __.1~2.--+--__.l~?~h.J) __ ,_2 __ 5_-+-_ 16_0_-+-_C_l_ay'-,_,i_c_e_:l_e_n_se_s __________ _ 

_ __,J~3 --t-__,1~1..._.._i;"_,__-t--3_5_-t-_1_60_-t __ H_a_r_d~_ l_a~y_e_r_. a_· t_l 3_2_._5_'_-_1_3 __ 4_.5_'_ (s_a_n __ d_?_) _ 

--L4---1-_1_4_7_. 0_+--5_0_~---'"l -=-60::::...__~- Hard _j _ri l ~_i_n-'--g ________ _ 

---'-' -=-5 --+--15_7_. _5 - t--5_5 ___ _._l 6._0_ ,__ - --

_ _ 1_6 __ -+-----'l'-=6-=-8-'-. O"----J·- =2=5 _ _.__1..ug_,,_,_n---l--"'-E ~ d ri 11 i n g 

__ 1_7 __ _._____,_l ~7 8~·~5---<--=-2-5=--__,___lBQ__ - , 

sections require spudding 

-· - -~-·------

--------------
___ 1_8 __ --+-___.l_,_7..c...q __ _ 5 ___ ,____18Q_ Stop_p_ed at 20: 'O pipe seized at 179 ' sample 

at 179'. Ins ta l led t hermister cables #151 -----·-l----·+-----·- _____ ,___ ______ . ___ _ 

___ _____ ,_ __________ .___ ____ _JJ_O_Q~)_illlQ___itl(_f?_l~Q_Q_'J_. -~as_L_!.b~l'.:f!J i s_!_~r 

of #151 is 10' above first thermister on #176. ---·- -- ----·- ,___,,____ __ . - - . ---~--·- ·---·--- ------------. --· ~-------
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DRILLING RATE (Mlll/METER) 
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sj(/; 
" 5-1~ 

Sand 8 Grave! 

Soit Clay 

œi'ISood 

;21Clay8 Grave! 

5 _~ 

~ 
5-1~ 
~! Soft Cla y 

~ 
~ Gravel Loyer 

~I Soft Cl a y 

~ 
~ 
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1 
1 

ENERGY, MINES /\N D RE SOURCES JET-DRI LUNG LOG 

HOLE NO. 77-T-3 AREA 5HALLOW BAY DATE _MARCJ:L.12/_ll__ 
LINE (A) 

5760 1 from 

LAT. 

LONG. 

PI PL L 

l 
- ---

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 ----

12 

13 

__ __]_4. 

15 

------

-------

Dt PTH 

10. 5 

21 

31. 5 

42 

52.5 

ni 

73.5 

84 

94.5 

105 

115. 5 

126 

136.5 

147 

157.5 

·- - ---

- - -- -----. --

. ------ . ·----- ----------

TIME PR ESS 

10:20 -

7 

13 

16 110 

5 110 

8 110 

29 75 

31 100 

22 140 

24 140 

26 150 

24 u.s. 
26 u.s. 
3_1 Il <; 

39 170 

-

-1 
---F -
,_ ___ j _ ---

1 

WATER DEPTH + ICE 12.5' ------
ICE THICKNESS 5' 

-------~ 

shore 
200 1 offset 
do\'ms tream 
f rom li ne 

-
RE MA RKS 

Start 10:20 a.m. 

Loo se si lt 

Stiff silt at 25 1 lenses of hard material, 
- purnp trou ble 

Good d_dj li ng, loose silt 

Loo se si lt -
....J.QQse sj lt, s_afil.Q~6_2. 5 1 - si lt, wood chips 

Hard drillinq (permafrost) at 66 1 sample 72 .5 1 
s1TI;-sand , \'JOOI 

Larqe i ce lenses 

-- --

-

Larqe ice lenses,_Q~_2ressure increased ---
Sorne ice 1 en ses 

Ice lenses, ha rd drilling in upper scct·i on 

Stopped at 3:15 

Ins ta 11 ed 140 1 plastic pipe 
-

Pulled steel p·i pe --
Ran seismic and radioactive logs - -· ~-

Installed thermister caule # 178 -----------------

_..lQp _ tb_ermi!?_ te~- - 46.~ . b~lQY{_~y~_face of i ce ·----

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



ENfRGY, MINES AND RESOURCES JET- DRI LU NG LOG 

HOLE NO. 77-T-4 AREA SHALLOW BAY DATE MARCH 18/77 LINE (A) 

1000 1 from 
shore LAT. 

LONG. 

PlPE L 

l 0. 5 1 

10.5 1 

10.5 1 

10.5 1 

10._5. 1 

_]_Q S' 

10.5 

10. 5 

10.5 
----

10.5 

10.5 

DEPTH 

20 f eet 

30.5 f t 

41 f eet 

1 Sl. S ft 

Fi? foot 

72.5 

83 

93.5 

104 

114. 5 

~ 5 min. 

2 min 

20 min 

'.Fi min 

4 n min 

29 min 

35 min 

23 min 

23 min 

20 min 

--

- -----
-

------. -- ... - -·- - - - -· ---

' 

WATER DEPTH + ICE __ 7 EEET 

ICE THIC KN ESS 5EEET 

PRESS RE MARKS 

Si lt - starting tirne 15:40 

Si lt 

1/2 wav down sounds sandy -

h it !2eDJ1a fro s t a t 34.5 f eet 

_]_5_ü.=ll_5 _bit s omet hi n g_har.cLa__Len d of s_e.c..tinn 

150 

1 

-

--

-----

·---- ------

- b11hbles__s_ta rted to come_up jo tbis s ection 
- i ce lenses 
- rP l ri ti v.elJL-S-O-f.te r :.o.r. 2 f t sec tio.n__]_/-2-wa.y_f . 

-bubbles appears throughout the dri 11 i ng 
t1 Il - t he end 

a1 - hydr ocarbün detec Lür gives o. k. sign 

- more îenses in th1s section ln flrst - 1/2 
ps i - second half much faster rate at 175 

- icelenses again 3 f eet i nt o section 

Instal led PVC to 98 1 

P1,111 ed st~ioe 

Ran se~j_y_e-1Qg_s__ 

Tn~ tri] l ed thermi ste.r cab l.eJt-..1.AJ __ (J_û~) 

T n fL.tb e.rmi_s_te.r_J_~---ab ove top_o_f_icr-> 

--- . 
stop pi ng time: 21 :05 

--------·----· 

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



ENERGY, MINES AND RESOURCE S JET-DRILLING LOG 
LIN E (A) 
11 550 1 from 
shore 

offset 300 1 

north from 

HOLE NO . 77-T-6 

un. 

LONG. 

AREA SHALLO\~ BAY DATE 

WATER DEPTH + !CE 

!CE THICKNE SS 

MARCH 21 /77 

6 f eet 

4.5 feet 1 i ne 

PIPE L OEPTH 

~ 
PRESS RE MARKS 

10.5 10.5 Si lt - s tarti ng time: 12:26 . 

10.5 21 1 mir Si 1 t 
ï:J 

10. 5 31. 5 2 mir ;o Si lt [Tl 

4 mir Vi -
10.5 42 l mir c: 2 f eet i nto section hit harder 1 aJ:er J__ 1 f ;o oot) 

1 1 

10.5 52.5 1 mir Ci) Sample (fine sand and si lt} 77-T-6Jfil ~ 
'--
Ci) 

10.5 63 2 mir [Tl Samp l_g_j c 1 ayey si lt) 77-T-6 (fil 
..,.:: 

1 Silt 

0 

10.5 73.5 1 mir -l 

~ 
0 

10.5 84 1 mir 
:;::o 

( c 1 a~L.-2Z -T - 6 ( 8) ::;><;: --
5 mi 1 

..... -5.amp l e 
:z 

10.5 94.5 i::; mir 
Ci) h_U _ p . .e..t:ma.fr.D..s 1 at 81 fee t - _g_ra.du.a 1 bmmdai ~y 

probably ice lenses above i t 
10 nnr 

10 .5 10.5 15 mir -
10 mir: 

10 .5 115. 5 9 min -
16 mir 

10. 5 126 12 min Ice l en ses 6 feet into section -
25 min 

_liL.__5. l:if) !) 14 min Ve r y slow rate for first few feet 
27 min 

10 .5 l 4h 17mil l f o o..t_o.f__p i p e is ab ove surface - i n s_.t.tlle_ 

rab] .e.. __ # 179 (20D~ - first therm.is 

d 

ter 

__j..s-58.....fee.Lbe l ow s.ur:face 

-·---- -. 

Stopped drilling: 19:32 ----- ·---· 

- --r----- - -

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

1 ! 
--- -· --

- -



ENERG Y, MINES AN D RESOURCES JET-DRILLI NG LOG 

HOLE NO. 77-T-5 AREA SHALLOW BAY DATE MARCH 22/77 

8 1/2 

UNE (A) 
9000' 

from shore LAT. WATER DEPTH + ICE 

LONG . ICE THICKNESS 5 1 

PI PE L DEPTH TIME PRE SS RE MARKS 

1 lo.5 u.s. Start 11: 47 a.m. 

2 21 5 Loo se silt with some hard 1 ayers 

3 31. 5 1 Loo se si lt 
-

4 42 1 
Il 11 

. 

5 52.5 3 
Il Il 

n 63 1 Sam ple at 62 1 - fine sand --
__ 7_ 73.5 l 

R 84 l 

Q 
1 94. 5 ? Per:iw fr os t at 87 1 f ast dri 11 i n.9__:__j ce l 1 .ense -- -- s 

10 105 8 \f_ffY__ b a r:d dr:j] J j og at 102' 
11 

11~ 6 -
10 

12 12 11 
8 Stop l: 50 p.m. 

13 l 3n s 15 L\.rlrl "' rl ?nn 1 h 1n.a..d_s_nmpJ__el3.5...5 1 stifL tlay 
l 1 head of water 

-P-i-p~~.e.r 

Ins ta lled thernri s ter cab le # 180 

To_p __ th ermister 47' below ·j ce 

-
' 

-

____ ... ---i--- - ·- ----------------------- -··--
. 

---·------ ----- ·- . . ·- _ .. _ - . - -- ·· --!----- ------- ·-·-- ---------·--- ____ .,. ___________ ___ 



ENCRGY, MINVi_f\ND_ RESOURCES JET -DRILLING LOG 

HOLE NO. 

LAT. 

LO NG . 

77-T-7 AREA SHALLOW BAY DATE MARCH 23-24LJ.] LINE (A) 
500' from 
shore WATER DEPTH + ICE 7 J /2 1 

ICE THICKNESS 

PIPE L DE PTH TIME 1 PRESS REMARKS 

1 10. 5 Start 3:10 p.m. 
b 

2 21 1 Hard 1 ayer a t top of section 
3 

3 31. 5 1 Loo se si lt 
11 

. 

4 42 37 Permafrgst at 34' 
41 

5 52.5 37 
45 

6 63 30 -

j=: 5 

57 
7 29 

37 
8 ?5_ 

32 
9 j__9_4__.s_ 

iH -----
]Q lnl) . 

28 _ _ u _ - l-J5-...5 ')() --
126 22 Stopped 00:28 a .m. __l2 

Bottom of hole 124.5 1 

Set PVC Casing to ll 61 

·- --· Pu 11 ed s tee 1 pipe 

Added l 1/2 gal. diese l fuel 

Installed cab l e # ·171 

_JJ) p_ti1 enniill r 2 2 1 be lillL:tQ.Q__O_f_ i ce . 
l l _;_OD~ar_c b 24 - ca.ble frozen 

---- i_n._p.v.c_ca.s..i ng_-=-. cannoL..be...._p.uJ J ed 

---------------r----- ---·-· -

--- ·-- - ·-------·-------' - ---- ---- ----



ENERGY, MINE S AND RESOURCE S JET-DRILUNG LOG 
SHALL0\·1 BAY 

HOLE NO. 77-T-8 AREA 2000 1 
- 2nd li ne DATE MARCH 25/77 

LAT. 

LO NG . 

P}è~t L 

10.5 

10. 5 

10.5 

10.5 

10.5 

10.5 

10.S 

1 
l 

DfèJ~ 

10.5 

21 

31. 5 

42 

52.5 

63 

73.5 

__J_()_.._5 _ _J..9_,-5 

1 

----

----

-

---

~=~~1-
-- .. ·--- . -· -- --· 

LINE B 

1IME PRESS 

l min ï:J 
;.:o 
1 1 
(/) 

l min (/) 
:z: c 
'-' AJ 

-1 rr1 

l min :::;::: (j) 

l min --0-::P 
;.:o c 

25 min 7' (j) 

.~ >--< rll 

35 min :z 
(j) 

30 min -
31 min 
?3 min 

! 
':ln mi_n 1 

' 

... 

-----·---
... 

---- '-- -·· -·---· 

WATER DEPTH + ICE 11.5 feet 

ICE THICKNESS 5 f eet 

REMARKS 
Sta rted drill "in_g_ 11: 07 

In \'Ja ter - pipe descending wi th out 
aaâîtlonal h 

Si lt pr~ 

Si lt 
-

Si lt 
permafrost a t 47 f eet - lots of lenses -

pipe bouncing violently in second l/ 

bubbl es s ta rted l f t from mid section 
and s topped shortly 

less bouncina_{ l enseill__in_th ~secti on 
bubbl es s ta rted 2 f t be fore mid section and 

n .e.r.sis__t.e_ç!_ Q.Il_Qj} d off 
lots of bouncing i !1 this section - more and 

ma r.e _hu b_bl e s - b,J'..dLo~on detec_tor j)_uzz 
and fla shed red s topped drillinq at 
Z9.5 feet _-::_]_frstClilJ.e.d. _thermi.s_tor ... cab le- # l 
200 if eet - fi rs t thermistor in air, 
"' o c.o.l'.ld--4-f-t--ab.o.1œ ... --S..u..r_f a ce 

Stopped drilling 14:30 

--

---· 

u111an 
ssure 

2 

af te r 

ed 

74 

·----·-------

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



1 l 

l 
EN ERG Y, MI NES A D RESOURCES_ JET- DRI LI ING LOG 

HOLE NO . 77-T-9 

LAT. 

ARCA SHALLOILBAY DATE. MARCH 25/77 

13.5 

LINE B 

LONG. 

PIPE L DEPTH TIME PRESS 

l 10. 5 
2 

?l 2 
3 .11 C) 1 

4 
ll.? 1 

5 f:\? i:; l 

6 
k'< 1 

60 
7 7-3. 5 54 

45 
8 84 --

18 
9 94 . 5 12 

14 
10 105 ?l 

20 
11 11 5. 5 1 i:: 

20 
12 126 lJ.. 

18 
13 l 36. () ?? 

27 
14 l ll. 7 34--

11 
]5 

·-

- - -- -- -- '---· 

-_______ ______ : ______ ----r 

WATER DEPTH + ICE 

ICE THIC KNE SS 5' 

RE MARKS 

Start 12:40 p.m. 

Sandy,hard 

Loose si lt 

Loo se si lt 

Loose silt 

Permafros t a:t 62 1 f rnm 

Pi 12e d ro12_12ed l 1 at 69 1 

Pu mo stopped 

-

water: 

4000 1 from 
shore 

. 

te.fil __ 

.. 

:ip_e_j_umpin.g_aLI_O 0 ; • q a S.:Jluhble s 

Samole at 11 41 

Suction hoses frozen , stopped 21 : 15 p.m. 

Hol ~th 147 

Install ed 133 1 of PVC casing 

Pull ed stee l RiJ1_e_ 

Ins ta 11 ed 2.5 gal diese l in casing - --

g~Q- se i s mi_Ç.i..__- _ an d __ r:i_El.ll.t r:._on -9 amm~_j::Qo J s ___ 

Inst9.l_lg9 t:~~rmi ster cab l e ttl 72 

_TO R_ _j~ h e rmi s te r is 19. 51 be ï m,1 i ce 1eve1 ---- - - - ·· -- ·- ~----- · 



' 1 

1 . 

1 
' 

ENERGY, MINES AND RE SOURCES JET - DRILLING LOG 

HOLE NO . 77-T-10 

U\T. 

LONG. 

PIPE L DEPTH 
-

10.5 10.5 

10.5 21 
10.5 i 1 . r; 

10.5 _42 

10.5 t:;? i:; 

10.5 63 

1o.5 73.5 

10.5 84 

10.5 1 94 .5 

10.5 105 

10.5 115_._5 

10.5 l ?(, 

10. 5 l 1h i:; 

10.5 147 

10.5 1S7.5 

_JD_._5 lGl.25 

-

-- ----

------ - -

-·- - ----

AREA SHALLOl·J BAY DATE t1ARCl-I 26/77 
li ne B - 6000 feet 

TIME PRESS 
. 

1 mir 

-0 

l mi !J, 
::0 
rn 
V 
(/) 

1 min c 
:::0 - 1 1 

1 min CJ) 

> 
L-
CJ) 

1 min rn 

J T9" min 0 
25 min --l 

T3min <.:. 
0 

1 . 5 mi 1 7-J ..,.,.. 

5 min ,_. ...., 
2 nri n CJ) 

6 min 
5 min 

11 min 
r; 'rni n 

11 min 
7 min 

12 min 
lLl min 

22 min 
lQ min 

26 min 
, _g_m.:i..J+_ 

30_ntiJ'.I 

--<--------
-

WATER DEPTH + ICE 9.5 feet 

ICE TH I CKNESS 4 f eet 

RE MARKS Star:ted dri 11 i ng 13 : 10 

Hu man press uri 
--11ater + ] foot sjli 

<:JI t none 

Si lt none -
Sil t __,__ none 

Sample: fine si 1 ty sand at 5.05 f t none 

Sample: fine si 1 ty sand at Gl f t none 

Hit permafrost at 67 f t 

Sample: finer si 1 ty sand 

Ice l enses s ta rted a round 
section lenses 

-

Sorne l enses 

Pipe would not penetrate 

Ins ta 11 ed 200' cab le #166 

at 82 f t 

mid 

further 

r~ taped 

10 
s 
min in 
econd 1/ 

t.er f·i rs t af· 
5 min 

_ __fo r. \vh o 1 e 
section 

__none 

.none 

-none 

10 
-1 one 
min i Il 

__last 1/ 2 

las t 4 m"in 

las t 23 min 

on 10 O' 

cab le #148 l ast thermistor of 14 8 

is 10 f t from fi rs t of 166 . 17 the ri ni s tors -----

in ho le - fi rst i ~ _) ft_f.!:om ?.Yrfac~_ 
f--·- ------

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

_ ____ ~~oppe9 d_ri 11 ~ ng: 19:30 ---· -- ··- -- - - ·- - ·----



. ' 

EN ERG Y, MINES AND RESOURCES JET-DRILLING LOG 

HOLE NO. _ll-T- 11 

LAT. 

AREA --211\LL.oH BAY DAT.E f'1ARCH 2Zl._,_7_7 _ 

WATER DEPTH + ICE 7 l /2 f t 

LONG. ICE'. THICKNESS S' 

PIPE L DEPTH _!~ FRESS RE Mi\RKS 
·-

l 10.5 

4~ -11u.cL.-.b..o.ttom soft S.ta.r...t__l2_;J_6 

2 21 Loos e silt 

LINE B 
9000' 

31' c 
3 31. 5 l Loose silt, coarse sand 25-30' sample 

-
lay 
· 1 t Sl 

4 42 l Samo l e .. at 41. 5 ~ clay and shells 

5 52.5 l Sarnp le at G2' clay and si] t 
w--··-- • 

6 G3 --~l Sarnple at G2.G clay and \rJOOd chips 

7 23. 5 l Lo ose si lt 

8 1 Quic ksa.lliL_ dri 11 rad se·i zed 
1 1 S_1.Qm2ed 7~' reft..:s al l : l G at p.m. r ' 

I n<>ta 11 ed _tbermi s tor cab le f 167 

? thermistors o n_s ui::f9 ce ----
3rd thermistor 0.5 f t below surface 

--

- - -----

----·--- ·-

·- ----·- ------,__ __ --- -

------ .. ----- · --------------------·-- ---------
! 

.,. __ _ __ __ - - ~·---------- - - --- __ j ---·- ·-i- -.. --. -----·-·-----·---·------- ---- -- ------
1 
l 

-- - . ·· --- ------ - - - ·-- . 
1 

- - , --- ---- -- - -- -- --- -· --- - · ·- - -- ·- - - . -

-



ENERGY , MINES AND RESOURCES JET-DR ILLING LOG 

HOLE NO. 77-T -12 

LAT. 

ARE/\ SHALLOl•J BAY DATE MARCH 28/77 

9 112' 

LONG. 

PIPE L DEPTH TIME PRESS 

WATER DEPTH + ICE 

ICt THICKNESS 

REi-1ARKS 

__ l __ ,___l_O_. _5 _+--1---+----+---S_a_n d,y_bottorn S t a rt 11 : 14 
,.., 
L 21 1 Gri tty Silt 

__ ___;4 __ 1 ____ 1----'40=---l------1--'-Pex:maftos t a t 33' 

Line B 

-------------+---~-~G~as~b.ub.hl.e.s_.a:L.~37~'-----------

-----+----~----+----1--G_..._ri; c:_,___._.rle..tectox:_r..e_g istere.cLcla.n.ge.V",_ __ _ 

Flared bubbles, ended hole 12:00 noon 

Installed cable #169 

5 th the rrni s to r 5~·~5_' ~a=b~o~ve:·-_____ _ 

Ice level. 4 1/2' tail on cab l e 

----·-+-------1·---1---- -- - (io_c_lu_ding_..w.eigb.t) __________ _ 

- -------+------·-------- ~··--------------------

--~~~~=-----~~~-=~-~ !=--=----------·-·---.-_-_-_---------~=-~~~~-
- 1 1 

· --t·---- ----- 1-~-~r --- -,------------



' . . 

ENERGY, MINES /\ND __ RESOURC!"2__ JET-DRILLING LOG 

HOLE NO . 77-T- Ll AREA _fülgn_J.::.27 DAT_E _8.ER.iL 11, 1972 

LAT. 69° 26' 30" WATER DEPTH + ICE 5. 5 feet 

LONG. 135° 50' 52" ICt THICKNESS 5 feet --- --
-· 

PlPE L DEPTH TIME PRESS RE MARKS 

10.5 1 min 100 
Started drilling: 15: 10 

10 .5 ---

10.5 21 1 min 100 

10.5 31. 5 1 min 100 -
10.5 42 1 min 100 "' 

10.5 52.5 1 min 100 

10.5 Fi1 l min 100-150 

ln r:; 71 r:; 1 min 150 

_lD r: R-a 1 minJJ-5.n-?nn 
1 

10. 5 OLI r~ 1 min 150-200 

10.5 lG5 J--5 mi'' ?nn ---

10.5 115. 5 2 min Hard layer 2 feet i nto section 
--- 3 G--s--e-E-s-4-n-t-o--se-€-t--i-oo-, 1n·e s-s-t:J l"e-

drop, de ad stop 

moved aga in after V&J sat on it 

samp le 114 f t - clay 

pipe seized (another day later?), pump 
1-' ressure--dr-oppo.:: u 

- -- to tg.J_d_e_Q__tlL12.Lfee t - i n..s_talle.cLJ:.abJ e _ _ 

#160 - 31 f t to fi rst thermi stor 
--- --,- -

. 
- -- ~ tOJ2QS;..LJriUj_1ig_;__ l] ·DA 

----· - --·-- -------- r------ ---------- --- --- . ---- ·- -·- ----- -· -- - ---·---- ---

··------- --- ---- -·-----···- -------- ____ ,.. ____ ·----------
1 

- -· ·---- -----·-·i-·------ ·- . L_ ______ - · ___ - -· - ·---- --- -- - -···- ·-·--- ·--- --·- --· ·- -- -- --·- --



.. . . t 

. ' 

ENEHGY , __ MINES l\N D RES OU RCC S JET-ORILLI NG LOG 

HOLE NO. _1 7-T-14 

LAT. 69 ° 28 1 38 11 

AREA 215 mil es North DATE APRIL 7, 1977 
-oTfW·~ro 

WATER DEPTH + ICE 7 1/2 feet 

LO NG . 135° 52 ' 18 11 ICË THIC KN ESS 5 ft ice + 1 ft snow 

---
PI PE L DEPTH TI ME PRESS REMARKS 

10.5 10. 5 Sta rted dri 11 inq: 14' 5 
< 

__J_Q J) ?l iiLs._e <: 
rn 
~ 

-< 
__J_Q._5._ _-3.L.5._ ~..JD_s.e.c t:s. ~ Sl i ght v1ater fl 0\11 - no saru12 le 

~ 

Jo 5 42 30 se s -0 ,,. 
~ 

rn 
(/) 

10.5 t)? t) 30 se .,s (/) -
;;o 

10.5 rn 
hi 30 s~ '-S~igh~ 

10.5 r 
73.5 30 se 2...... me thi n h.ar.d ... J.ayers 

(.,'"1 ::r: 
rn 10.5 !lard Jill 30 se - ço i mp_enet rab 1 e_J_Qy_er - ni p 1 e .... J2.Q t)fl.Ç~L - --- (:1)-~ ....... J::> 
-< 

nn it - irnU.:all.e .. d_Ciill.le__JLl5_Lfi rs t 

thermistor ·j s 3 f t bel m'/ surface - 8 -----

thermistors in ho le 

.. 

St o1212ed drillin_~5:37 

.. 

---

---------,___ __ . 
---------- - -

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

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

-
1 -- -·- -- r- -----··-,__ - -i---·-- -·-. --· __ .,. .. - . .. - . -- .. --·. --·· - __ ... .. - - .... 

1 
1 



. ' 

ENERGY, MINES AND RESOURCE S JET-DRILLING LOG 

HOLE NO . 77-T-15 AREA 5 miA-~ of DATE APR1L8. 1977 

LAT. 

LO NG. 

69° 30 1 46 11 WATER DEPTH + ICE 

ICt THICKNESS 

6 f eet 

135° 54 1 6 11 11/5 feet 

PI PE L DEPTH TI ME PRESS RE MARKS 

10.5 10.5 water Started drilling: 12:24 

10. J:) 21 1 min 100 
+--~:__4---------------------

_l.c_.:0:...:.• ...::.5_--+-~3"-'l. 5 1 min 100 

10 .5 42 40 sec 100 

.3.fLs.~Pr~'f---~1_n1Jc..Ln-+--------------------
1n c.Pr rnn-12_o _-1-------------------

25 sec 100 

84 _ lw...0,__.....,_5 ---.. ------•-2_5 _s_e_c_ +-_1_50 __ -+----------- --------

~ 94.5 5 min 125 __]~~--l-------l----1·----l------------------~ 

--LO~~---i--1_0_5_---+--'-l-'-5_m-'i-'-'n-1-_1'"""'2-"'-5--r-4.'--f=-ee"-t~(_fe\.'1 mi nu tes) i nto s_ect_i on pipe 

beaan to slow dovm drastica ljy___::__r_e_lativeJy 

------+-----i-----i-------1__.harder l.a.,Y-er: permafrostL_lx1r_g__b_uifül_[l_ 

~l_(L_5_ _ _ -+-_1~1~i;~>L--i;-+-_1 5_m_ir+-1_3_0-_1_5_0-1------------'-----------

J o. 5 _ --126, ___ 1_8_m_i__,rr--l _75 ___ -+-<---.----.--.---.-----..---,---,,.--, 
bouncrng & jumping of pipe in 'ffîis section -

__J_o__s_ __ -1---1,.-3.6-.-5-_,_2_3 __ m_i_1,_17_5 __ _,_2_people st:\:ting_~:m i t most of time - ice_ 
2 people sitting on pipe - sarnple le nses 

147 46 mir 200 Rt ---1-0 .-5-- -C--'-'----+------1--'-'---~--0""µ--46--f-ee-~--1-ùm of- Ve8L-Cornpacted- c-lay, 
. gage 11ttle water co tent, appear trozen 

-l0~-5---~""5-7'-.'-"5--+--"'2--'-3-n_n-'-x -f-r<T-zen - -t+ri-s-3-ec-ti-on-&-pre"Vi.o tt-s---we-re-v-ery-ttard-~o-i-ng 
had to twist , stand on, sit on, jurnp on, etc -- -- ·F-- - pi-pe-to- ge-t- it-ri1o vi ng-:- Samp 1 e --J 56-ft-...:.-c-J-ay-

ês before, but rnostly in suspension & 
- 10. 5 --- -~--~--~~1i-~[ gage- - ~,h-ere-forl e -·wbas-thed ·l~wahyt-fl_, _ ___ --l--d- _t- --1--1---t -h 

- - --- ------- · - - ---- -4-frozen . _uo___samp _e_, _ u s lg __ mt., __ cou e _ ere 

__j _____ J _________ ! ~{~~-t~U~d i ~ ~~~~~~-s~l~2 & ~ 153 (top) f1 rs t 
1 i 1 thermistor is 6 feet (bottom) below surface 

16 thermistors in 

Stopped drilling: 17:05 



ENERGY, MIN ES AN D RESOURCES JET- DRILL!NG LOG 

HOLE NO . 77-T-16 AREA Na t~nÜ~h DATE APRIL 9, 1977 
~ 

LAT. _6_~_3_3~_Q3 Il \~ATER DE PTH + ICE 5 f eet 

LO NG . J35° 55 1 5Ji" ICE'. THICKNESS 13 f t 10 in 

PI PE L DEPTH 1 TIME f{}J-~S RE MAR KS 

10.5 10.5 Started drilling: 12 ·:15 

__JJl.....5 21 1 mi 1 Hit bot tom 31 4" i nto section 

10.5 31. 5 2 mi 1 100 -
1 

10 .5 42 1 . 5 m n 120 .. 
10._5_ J:i? i:; 35 se1 105 Sliaht flow - no sample 

10~_5_ __61 40 se1 130 

__Jn r:; G r: 4 mi 1 _J?O --
__J.Q_s__ _ ___s_4 

1 ]5 Sf'.l __JJ.'l 
1 Tvri s ti ng 0 pushing sample at 93 .5 ft: 
l 

(.)( -
---lO 5 94...-5-- __]_6.__mi n l LI.~ _ci_ay__g l 0 b S • iILO_s__t of it is in suspens t on n 

l 

therefore not retained, some s ·i 1 t & fi ne 
C' " n rl :l c:: 1<1ell 

10. 5 105 15 mi in 150 TvJi s t i ng 0 pushing <;.( 

10.5 11. 5 7 mi n 150 Tv.1isting & pushing - sli ght flow, no sam pl e 
------- - --- -

10.5 126 5 mi n 155 1 ots of tv1isting & rushing - sample at 
IZ-4Tr=cl ay asab-ove;-îYtttel··rtairre-cJ-

10.5 136.5 13 min 150 as in previous section, sample at 135.G ft: 
"C'l ay 

___ lQ_. 5 147 15 mi 1 175 Sli g_ht fl OVJ, no sample 

__ lQ_._5 _ __15_{2__ 19 mi 1 200 Î\"li S ti ng & pushing 
-·-s-amp l e--a-t--+56 -f-t---c-+a.y--,-b-urp-i-r+g.-u.p-h-ol 

because of~which burned when 1 i t. 
----

Installed 2 cab les #164 bot tom 
-----

#lo 5 top 
---··-

16 thermistors bel OVJ surface ------ ----·- i---------- ------ -- ---- ··- --·--- ---·----------- --···. - -- - -- ------------ ··----

17th is 1 foot above ----- -- -r ----- -1---
- 1 

·-- -· · ---·----------..---·-·· 

-- ----- __ i _______ t- ----i--.. ··-----· ------ -- . -· . ----·- - ·- - --· __ ,._ ----- -- -- - . 

~-Stopped di 1lling: 15: 35 



. ' 

INERGY_, MINES AND RESOURCES JET -DRILLING LOG 

HOLE NO. 77-T-17 AREA N~l~~~K+ 13500 1 DATE APRIL 10, 1977 

LAT. __6_9° 35 1 12 11 WATER DEPTH + ICE 16.5 1 

LONG. _135° 5.5._'_18 11 !CE'. THICKNESS 

PIPE L DEPTH TIME PRESS REMAR.KS 
---lill! 

l 10.5 .. 

2 21 l Start 12: J 8 : Sam~le 20: 5' . 

3 31. 5 3 Sand, grave l and clay_ SamQle 31 1 

4 42 2 Soft <?lay Sam[? le 41 1 

5 52.5 1 Soft cl ay 

6 63 ? Soft r.lav . --

7 73.5 Soft clay, i -·· - . - Sample 1 ' 73 1 

-~ 84 --2 Soft clay, ha rd layer at 82 1 Sample .. 
f 

83 1 

3 1 

9 __9.4. s 1 Stiff cl~last half drilled fast 

_ lQ ln!:) 1 Fac; t driJl.ing_~n d? 

_ _ll _ _JJ5-..5_ 1 _Eas_Ldr:i.Ui ngJ_ar.cLle.o.s.e.s. san.d? 
1 

]? 126 l Snft r]ay 

B 136.5 5 -5..o..f:L.c.la.y 

14 147 5 
5 

15 157.5 4 
6 

16 lG8 6 
~-

17 178 Cj f.j 
--· 

18 

Stiff clay 

Stiff ç]_fil' 

Stiff clay-Lsecond 

......., Ver y_~_ti ff çlg_y 

ha lf \'..e_ry_ s tiff, 
bon 

i ce_ .. 
ding? 

18 _lBq _ _]]_ ïery_s_tj f.f..._cJ.ay ·---·-·--- -----·-
20 

___ __li_ __ -199 .. S ?O_ --· 
19 

Pipe dropped l ast 3'1 - sand? 
.5 U.fLclayJn.c.œ as.e cLpJlmp___p re..s s..ur_e _,_gas __ 

ubbl es b 
. - _20 __ ····-<-- 2_04 __ - .. 1 _9_ ---. ----· __ Pipe dropped _- .sandL .Bubb les _ fl.ared. 

stopped 4: . ··---- .. I_ -~- -_J --· - -_
1
1_ ___ -----· - 1 nta.lJ ed therm1 s tor. cab 1 es 

23 p.in. 

1 ! - -- -· 1- - --· ·-- -
. 1 

.. ·- i.. L #162 (bottom ) & #168 (top) 
! 

Top thermistor is 21 above the ice surface 



E~ERGY , MINES AN D RESOURCES l1ET -DR I LU NG LOG 

AREA NETSERK DATE APRIL 9, 1977 
-nTOŒO-r HO LE NO. 77-I-18 

LAT. 69° 37' 24" \~ATER DEPTH + I CE 20' -----
LO NG . 135° 54' 48" ICt THICKNESS 4.5' 

PIPE L DEPTH TIME PRESS REMARKS 

1 10.5 

2 21 .9_ Start 11: 27 a.m. 
-

1 Grave 1 and sand on bot tom 1 1 sof t clay 
i 31. 5 l -

2 Si lt an.P clay Sample 41 1 __ a 42 ~-
1 Soft clay i:; 52.5 1 

----6 f)J 1 Soft clay Sample 62' 

7 _]J_,f.: 30 set: Sand, saline water Sample 72. 5' 

8 ~LI. 30 sec Sand 
- - ·-1- -

~ 
1 

9 94.5 30 se:: Sand 
-

_ _J_Q 105 30 set: Sand, gas bubbles 

]] 115. 5 1 Sand, some cl aY2._tri ngers 

12 126 1 Sand and cl ay lenses 

__J_J_ 136. 5 i Sand - up12er section, ~ 1 ov1er half 
1 

----1-4 l Q ? ~ l_ay__ill_i]Ls.ancL SQft c l_gy_j_n_J owe r .l:Léi.lf_ 
3 

15 1 r:;.7 r:. ? 'nf:t_cJ_ay 
" 2 

16 -W-68 l. S.tif.f_ c-_l a...y.-in-u p pe.r-h alf-S.O.fLilL.lowex 

178 .5 
1 

Soft c:J ay vli th f ew stiff bands 17 ~ -· 

_J89 ____ 
8 

Stiff cl~_L_gas bubbles, fl ared ___ Ul._ --17- -----

199.5 
23 

-- _V fil'.Y s ti ff -ç]_fil:_~ ·j ce-bonded __ EL ___ 
~------- - 1-9-

____ _ _2Q.. ___ _ 2 0_4_ ___ -- - ----·------·--· F_i ni SIL 2: 08_ p .IJl_,_ _______ _ ·- __ _____ -· 

---·--- - . - - ·- _____________ ___________ 1 In s t a 11 ed _ thermistor _ça_tll ~-it.1 5~ _ (bo_ttorn)._ 

_ . _ . ______ -· ___ _ .. 1and #158 (top). Top thermistor i s l' 
1 1 1 . - - . - -- . - .. 

above i ce level 



.. 

. 1 

ENEF~Y, MINES AND RESOURCES JET-DRI LLI NG LOG 

HOLE NO. _ll.-T-19 
NETSERK 

AREA _JJ.o_r:_lli__ DATE APRIL 5, 1977 

LAT. 

LONG . 

PIPE L 

l 

2 

3 

4 

1 

135° SL.2.l 11 

DEPHI 

10. 5 

21 

31. 5 6 100 psi 
6 

42 2 1 OO 
1 

l. 5 5 52.5 

6 63 
,--<--­

--"---·Y--='-=----t--~3__ 125 
3 

7 73.5 6 125 
8 

WATER DEPTH + ICE 

ICE'. THICKNESS 

RE MAR KS 

23.5 1 

5' 

Soft bot tom, ha rd gr itty 1 ~yers Samp 1 e 31 1 

Clay w~th hard layers, cobble Sample 41 .5' 

Soft clay 

Soft clav Sampl e 62.5 

Soft clay Sampl e 73 1 

8 84 --=---1---"'-'----.---=s- ___ _J_2 5 Soft c:lav in UDRer_b_alf, sand in J_ower 

---·--+----~---+-----+-~hH_l~f-\-'(P~H........,,\L_Çj_riJ.lin.g_)_s_g_n~_ill]d_gravel 

---·-------i-----1-----1--'-Y'e__turns_2.'._ J1e ad ( fr..es.bl--5 arnp_Le--83_'. 

-------+-----+------+----+-G.a.s_..b.ubbles_..=_p_i.pe_s_ej zed arnL.bJ ock ed 

-----+------:-·---+------+--n1 0-le- l9-=ILd.dJJ.e.cLJ11J_ o.J.fs.e.L_to_a __ _ 

-----+------1-----·-----'--'-r1Jep..tA-0-f-.1-2-...-.5;;--1 
-----------

I ns ta 11 ed thermistor cable #161. The 

------+------+---+-----1~8t=h_,__t""~h_e=r-"111-'-'-i~s__,,_t9r is l 1 belo~v ice surface 

-----+-----+---~i-----~~s~;t.a.LL_]J_;J_.5_ a.m. ---·-----------

------+-------i-----l>------ _.Einis.b_ Jl:.55-a..lll._. _________ _ 

- - ------ -·------<---~----<---------------·-----·------



ENERGY, MI NE S AND RESOU RCES J ET- DRILLING LOG 

HOLE NO. 77- T-20 AREA ~JETS~-~~O 1 DAT.E _APRii 8,_19.l.L 

LAT. 69° 41 1 53 11 \ 1ATER DEPTH + ICE 26.5 1 

LONG. 135° 54 1 00 11 ICE'. THICKNESS 51 

-
PIPE L DE PTH TI ME PRESS ROtl\RKS 

1 lO. 5 

2 21 Start Ti me 12:20 

3 31. 5 1 Sof t botto111.. clay . 
2 

4 42 2 Si lty, "StHf SampJ..e..Jll' 
2 

5 52.5 l Sand g LillleJ~_bin_ciin..g__pj p e 5.ample 5L . - 5' 

h 63 4 r.:Y'a.v..e J Ol: ice J es nin.g~s_arui., sn t SampJ e 62 . 5 1 

5 
7 73.5 _5 S_Q.:fJ__ç_lay 

8 84 4 i= .::i s.t-d..r::i...Ll-i-ng..,-Sal'.l.d2.. ·-
2 

__ g 94.5 ? ~-t:__-0.~-l-l-:i n g , s and-&-g~-1-? 
2 

Clay with gravel Sample "JO __ ]_Q U15 ___ - 2 4 ' 

11!1 ·5__ 
4 

Soft c 1 a.l'.'. JL -4-
5 

C 1 ay, soft 12---- _J?F; 1 

13 5 
Soft clay: 136.5 c -

14 147 5 
Soft c 1 ay_,_gra ve 1 lense 1 1 at 144 1 

;-B 

__ l5_ 157.5 5 
--5.o.f...:t_s~lay .., 

I 

lG 168 4 _s.tj..f:Lc...lay. , i n c re as..ecLp.ump__p_œ.s..s_u re ;-9-
17 _Jl8 !) 6 Stiff clay - ----- ::J ·- -

18 J8_9 _ ___ 8 ~.iff cJ-9.L 
--t) ---- -

Fast drilling in upp'er section 
19 U-9.9....5 ___ 7 Soft C~i sti ff cl ay_i_Q_.J_qvJer half --· ·-- -- -r-

__ 20 ____ _2Q_4 ___ -- -- -· S:.t_i f_f_ çJ_g.y_ ~PQi=!.9_J~36 __ hm. 

··-·- - ·-· ·--· -·- --w·••- •-·-- -----·-'_.In s :tS.1.l l e_cl_ the_rmi_s tor__ cabJ es .{l}~ j poj; to.m. 
. 1 

- 1 1---- _J _______ --1-i!.nd_#_l ?D _(top)_ Top 

' above i ce surface 

tl1erm1stor is 2.5 



" 

ENERGY, MINES AND RESOURCES JET -DRILLING LOG 

77-T-21 NETSERK N APRIL 7, 1977 HOLE NO. AREA + 250~ DATE 

LAT. 69° 43 1 27" WATER DEPTH + ICE 27.5 1 

~ 

LONG. 135° 53 1 30 11 ICE THIC KNESS 71 

PIPE L DEPTH TIME PRESS RE~tl\RKS 
M~ ~I 

l 10.5 

2 21 Star t ti me 12: 19 p.m . 

3 31. 5 11 Stiff bottom, cl ay soft 
l 

4 42 2 Clay, soft Sam12 le 41 1 

l First half fast - sand? Îlard layer at 
5 52.5 17 46 1 orave l , cobbl es. broke thru at bottom 

11 Sampl e 51 .5 
6 63 5 Soft cl av Samo1e 62 1 

8 
7 73.5 7 Sof t cl av 

11 
8 84 g Soft clav. hilrd l Pnc;pc; ( frp?) 

5 
. a 94.5 h C::nft r ., ri v ice len..s..ec::? 

9 
10 105 1 1 C::nft r 1 .:iv 

~ 

11 115. 5 
9 Upper hnlf soft cl ay 
1 1 nt.in Y' ha l f - sa n d ' pipe dropped 

12 126 2 l::"::>c-+~.,,;~ 

13 136.5 2 Fil•d rlri lli ng - sand 1 .a..s.t 2 1 went s l nw]y_ 
5 

14 147 5 c:;n++ r l ;'.l\t 

5 -
15 l '-7 h 4 c:;n-Fi- r l ;:i\1 

6 
. ., 

_ _J_fi_ l()R 5 c oLt--.c-l-0-jt--
7 

]Z 178. 5 6 Soft cl av 
10 

]8 189 _17 Stiff clav 
15 

19 199.5 l ? Stiff cl av 

-2.0 204 ls tiff cl ay St a p peiU!:..:..5..6_p--111. ___ 

- lns_taJJ..e..cLJ..bexmi.s_t.o..r_..c.abJ...e.s__JLll.5__.(_b..o.:t.tDnl-)-_ 

------- --Jg_o d__#J_6.3 __ ltopl Iop_J;h.e..rmis.tor._j_s.___l.'.__ab..o.v..e __ 

- - li rf:l 1.e._v_eJ . ..... 



17. AN APPLICATION OF HYDRAULIC JET DRILLING TECHNIQUES TO 
MAPPING OF SUB - SEABOTTOM PERMAFROST 

Project 7 40102 

A. S. Judge
1

, H. A. MacAulay
2

, and J. A. Hunter
2 

During April 1976, five experimental holes were 
drilled into the seabottom 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. 
Accura te measurements of sub-seabottom temperatures 
indicated permafrost was present . 

Location of Drillholes 

Land -fast ice can be found extending as muchas 
20 miles offshore in the Mackenzie Delta area . In March 
and April the ice is often greater than 2 m thick 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 anom alies 
( see Fig. 17. 1). Two holes were drilled in Shallow Bay; 

72° 14QO 

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 Judge et al. (1975). From 
this experiment a more elaborate technique was designed 
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100. THERMISTOR CABLE INSTALLATION IN PERMAFROST MATERIALS WITH 
A WATER-JET DRILLING MET HOD 

Proj ec t 730006 

A. S. Judgel, J. A. Hunter, R.L. Good, J. Cowan and G. Robb 
Resource Geophysics and Geochemistry Division 

In an attempt to obtain s ubs urface tem perature da ta 
in frozen surficial material s of the Tuktoyaktuk Peninsu la­
Mackenzie Delta Region, we are experimenting with a 
water - jet drilling' technique. Wa ter jetting· in perma ­
frost is well known in placer mining and the drilling· 
technique has been used for installing piles in Alaska 
and northern Canada. Our a pplication involves the 
installation of thermistor cab les at shallow depth in a 
rapid, inexpensive manner. 

With a relatively small water pump connected to a 
1- inch !. D. s teel pipe, we drilled a number of 3- m holes 
in frozen and unfrozen si lts, san ds a nd gravels d uring 
August 1975. No specia l preparation of the drilling 
end of the pipe was used. ln unfrozen material s drilling 
rates exceeded O. 5 m/ min . whereas in frozen materials 
drilling rates were in the order of O. 2- 0. 3 m/ min. For 
these experiments we u sed sea- water a t " 6°C as a 
drilling fluid; the pump used was a WAJAX Mark 26 
Centrifugai 2 s tage unit capable of d eveloping· 150 psi. 

Deeper drilling with this unit resulted in a hole to 
a depth of 20 m, limited on ly by Jack of furth e1' drilling 
pipe. No appreciable change in the drilling rate was 
observed at depth. 

To complete the pre liminary experiments, a hole 
w as drilled for a thermistor installation at the Polar 
Continental Shelf Project base a t Tuktoyatuk. A depth 
of 20 m was achieved in 55 minutes throug'h frozen 
sand and silt. The drill - rods were left in place and 
two thermistors were installed at 8 m and 15 m within 
5 mi nu tes of drillhole completion. Temperature 
reading·s commenced 30 minutes a fter cab le installation 
and temperatures were monitored for 1750 minutes. 
Fig·ure 10 0. 1 s how s th e re tu rn of equil ibrium of the 
dri llhole; it is apparent that a " zero curtain" persistcd 
for th e first 1000 mi nutes representing refreezing· of 
the surroundin g· walls of the drillhole. The a pparent 
r efreezing tempera ture of - O. 08°C rather than 0°C falls 
within the ca libration limit of ± O. 1°C and so the 
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differencc is probably not signi fic an t. Once refreezing 
was complete the tempera tures started to' fall rapidly 
at a rate of approximately O. 005°C min-1. If the log·­
arit hmi c return to eq uilibrium is a valid extrapolation , 
the final equilibrium temperature is - 8. 8°C to - 9. 5°C; 
these results are consistent with other measurements in 
the Tuktoya)<tuk area . If th e extrapolation is valid, a 
vcry close approximation to equilibrium temperature 
i s achieved in less than 10 days. 

Measurements were again a ttempted a week later 
and both thermistor cables had failed . Attempts to 
recover the pipe and cables were impossible in the lime 
avai lab le. The cause of failure is unknown, but may 
have resulted from differential freezing of the leads, 
as observed elsewhere. Displacing water in the drill 
pipe with antifreeze or the use of a stronger cable 
should overcome this. 
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The advantages of this technique of drilling lie in 
the speed of ho le completion, the low weight and cost 
of the equipment, the simplicity of use and the ease of 
transporta tion . The major disadva ntag·es are the need 
for a plentiful supply of water, which is pumped into 
th e hole and surrounding media, and the Jack of 
recovered cores . How ever, we believe that the water ­
je t drilling method has gTeat promise as an inexpen sive 
technique to acquire large amounts of shallow subsurface 
tempera ture information. 
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Beaufort Sea (Fig. 17. 3c, 17 . 3d, 17. 3e) 

Three 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 32 km north of 
Hooper Island. The cables were monitored for periods 
of up to 340 hours after completion and since drilling 
time was somewhat less than in Shallow Bay reasonable 
ratios of settling to drilling time of 60 to 70 result for 
two of the hales. At hole T-5 the ice surface shifted 
between logs breaking the cable at the sea bottom, so 
that a single log at a time ratio 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 - 1. 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 a t a depth of 35 m, whereas 
T - 3, shown in Figure 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 44 m. The limited data on T - 5, shown in 
Figure 17 . 3e, is inconclusive; however negative 
temperatures were encountered 17 m beneath the sediment 
surface. 

Unlike the Shallow Bay hales 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 hales 
T-3 to T - 5 is unproven. 

The temperature profiles exhibited by T-3 and T-4, 
sites separated by only 7. 6 km, seem to reflect two very 
different situations. Whereas T - 4, the westernmost 
site, seems to reflect a situation in which permafrost 
has grown to be observed depth and at present is in 
equilibrium with the earth' s heat flux and the sea bot tom 
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 seabottom temperature, and permafrost thickness 
degraded from greater than 110 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 suggested in Hunter et al. (1976) this 
complex history resulted largely in thin permafrost 
close to thermal equilibrium beneath sea .bottom to the 
west of 135°W in con trast with the thick, relie, degrading 
permafrost found to the east. Since the thin permafrost 
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to the west is mainly in clays, ice-bonding is unlikely 
to be present and any ice-lensing present may not appear 
on conventional seismic records. Wherever sands are 
present at shallow depth intermittent reflections might 
appear . The 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 regional distribution 
of permafrost in the Beaufort Sea bl:!-sed 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 geophysical 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 hales 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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to drill into seabottom materials from an ice platform. 
The procedure is shown in Figure 17. 2. Jetting is done 
through a 2. 5-cm steel water pipe (3 - m sections). The 
first section contains a bit (cutting teeth fashioned from 
a 2. 5-cm coupling) and 1 m of flighted section. 

A water pump system delivering 235 psi ( l. 7 4 MP a) 
shutoff pressure was used. Pressure losses at the bit 
as a result of frictional losses in the pipe and the 
hydraulic head are estimated to be 1 psi per foot 
(. 023 MPa/m) depth below sea-surface. Additional 
frictional losses in connector hoses, couplings and 
swivel-head could not be accurately estimated but 
probably r esult in the loss of a further 5-10 psi 
( . 04 to . 08 MPa). 

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

lt was found that changes in drilling rates could be 
correlated with change in type of material washed as 
well as the degree of ice -bonding. In unfrozen recent 
muds drilling rates as high as 6 m/min were ac hieved; 
however, when drilling in ice-bonded sand, the rate 
dropped as low as O. 03 m/min. 

Holes T -3, T-4, T -5 were drilled to refusal. In all 
cases temperature cables were installed by lowering 
through the drill pipe. After cable installa tion 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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Figure 17. 2. Diagrammatic 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 survey period. 

Results 

Shallow Bay (Fig. 17. 3a, 17. 3b) 

Two thermistor cables were installed in the 
Shallow Bay holes to depths of 30 and 50 m and the 
cables were periodically monitored for more than 
500 hours after drill completion. A resulting ratio of 
settling to monitoring tim e 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 high 
positive temperatures (maximum of +2. 6°C) 6 m below 
the sediment surface, negative temperature gradients 
( 60 to 260 mKm-1) and negative bottom hole temperatures 
(minimum of -1. 4°C). Although no sensors were placed 
above 5. 5 m in T-2 the springtime 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 suggests a lithology of fairly pure sand 
containing fresh water ( 0 to < 5000 ppm dissolved salts). 

The observed temperature profiles can be explained 
in two fund amentally different ways. One involves 
essentially an equilibrium or near-equilibrium situation 
in which the two holes were drilled through topographie 
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 talik zones developed in the topographie 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 
might 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 suggest an 
increase which commenced 500 to 1000 years ago, 
present bottom-hole temperatures suggest that the 
previous sediment surface temperatures were at least 
-3°C, and that permafrost thickness may be in excess 
of 100 m. 

To distinguish between these two explanations for 
the curves requires further geophysical work and 
drilling in Shallow Bay. 


