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Du~ing t:he suring o~ 1978 , 12 holes were hydraulical ly jet-drilled f rom t he 
se.s - ice to ma:-:imUt11 oeptns of 6lrn beneath t he Beaufor t Sea. The holes , 
l oca ted in .s line across t he Del ta Front north of Richards Islan d , were 
instrumented with temp erature cables and monitored as the thermal disturbance 
due t o the jettin g dissipated . Much of the sea-bot tom material encountered 
was marginally ice - bonded and nermafrost occurred at all s i tes, Temperatures 

- 0 0 0 . 
in the sea - bottom were belo~ 0 C averaging around - 1.5 to -1. 0 C, Tempera -
t:ure gradients were near isothermal and are p robably indicath1e of relict 
debrading permafrost . Th e shallo~ lithology interpreted from the drilling 
logs revealed definite c hanges in material type and thickness occurrin~ across 
t he Delta Front from :Mackenzie Canyon to Kugmallit Bay, Water temperature 
and salinity profiles at the drillsites reflected the influence of the warmer 
and fresher Mackenzie River waters flowing into Ymckenzie Eay and Kugmall it 
Ba y . 

Resume 

Durant le printemps d e 1978, 12 forages hydrauliques a jet continu d'eau f ur ent 
effectues jusqu 'a une profondeur maximum de 6lm sous lamer Beaufort, Les 
forages furent alignes le long de la courbe bathymetrique de lOm au nerd de 
l'ile Richards. Un cable contenant des detecteurs de temperature fut installe 
dans chaque t rou et la temperature surveillee pendant que la pertubation thermique 
due 5 l'effet du jet d'eau se dissipait. Les sediments etaient en grande partie 
l:ifs par la g·lace, C~1aque trou fut fo r e a traver s le pergelisol: les temperatures 
s ous le fond etaient en dessous de o0

c et en moy enne entre -1 . 5° et - l . 0°c . · Les 
gradients geothermiques etaient presques isothermiques et indiquent p r obablem e nt 
du pergelisol relique et deg radant. La lithologie peu profonde interpretee selon 
les carnets de sondage revelent des changements definitifs dans le t ype de sediments 
et dans leur epaisseur l e long du front du delta . Les profils de la temperature 
et de la salinite de l'eau refle tent l'influence de l'eau deuce et chaude de la 
riviere Mackenzie qui se deverse dans les baies de Kugrnall it e t de Mackenzie . 



INTRODUCTIOl'V 

For several years t h e Department of Energy . Mine s and Re sour c es has 

been i nvestigatin g the occu r r en c e and d i stribu tion of sub -seabo ttom pe rmaf rost 

in the Beaufort Sea as p art o f a program of geotechni cal rese arch related to 

engineerin g construction an d hy dro c arbon explora t ion. The wi despread occurrence 

of permaf r ost on the Beau f o r t Shelf area is well documented (Judge et al, 1975 , 

Hunte r et al, 1976 ) f rom r e g i ona 1 seismic survey s and tempera ture measurements . 

However , such detailed aspe c t s of permafrost d ist ribution as t h e temperature 

an d temperature gradient v a r i ations in r e s pons e t o Mack enz i e River water out 

f low, the de gree of ice-bon d i ng and its relation to subsur f a c e lithology and 

geological history, are po o r l y understood. 

In the spring of 19 76 , a drilling and t emperature logg ing program was 

carried out by EMR usin g a low cost h y draulic water jet-drill ing technique 

(Judge et al, 1976 ) using t he shore-fast ice a s a dril ling p l a t form . Five 

holes were drilled and logg e d for lithology and temperature ; the results were 

encouraging enough to cont i nue the work during the 197 7 s pring field season . 

During this season a to t a l o f 22 holes were drille d an d logge d for l ithologies 

and temp e ratures (MacAulay et al , 1977), many of which were drilled to a depth 

of 50 metres or more. Thi s report is a summary o f the con t i n uation of t his 

drilling p rogram during the 19 78 spring .field s e ason. 

The dr i l l ing equipment and procedure a s wel l as tempe r a t ure cable 

installation were essentially unchanged from t hat of the 1977 s e ason and a 

d e tailed description is given in MacAulay et al, 1977. 

SURVEY AREA 

Th e location of the Delt~ Front holes f r om 1976, 1977 a nd the 1978 drill 

holes are given i n Fig. 1 . Th e 19 78 holes were position e d within 2 

k ilometres of the es tima t e d ed ge of sho re- fast i ce ; the g r owth of s h orefas t 
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ice wa s inhibited by t h e action of stroDg easLerly wind s which produce d larg e 

flow ed ge leads and did not a llow the attachment of pack ice. 

The drill sites were positioned by Global Navigation Sy stem installed 

in a Bell 205 helicopter. From repeated f ixes using known po ints on land and 

the Imperial Oil Limi ted I s s erk E-27 well site, accuracy of al l holes is 

± 0 .25 k ilometre. Roles were located approximately 6 to 8 kilometres apart 

across the front of the eas t ern delta area. 

ITINERARY 

Field personnel H. A. MacAulay, and R.M . Gagne left Ottawa March 3, and 

met J.A. Hunter in Inuvik on March 4. Equipment assembly b egun in Inuvik 

during the week of March 5 - 11. Two ATCO portable buildings (living quarters ) 

were trans ported to Tuktoyaktuk. The main par t y consisting of R.A. Burns, 

M. Burgess, V. Allen, and A.S. Judge arrived in Tuk on March 15 and equipment 

was assemb led and tes ted. Camps were moved t o dr ill site 78-1 and 78-2 on 

March 21 by Bell 205 hel icop ter (Polar Contine n t al Shelf Project) and drilling 

began. Camp and drill gearwe r e moved by helicop ter at approximately 2-day 

intervals. During camp moves the installed t empe rature cables along the line 

were read by A.S. Judge , M. Burgess and V. Allen . By Apri l 3 , all 12 holes 

were completed and the camps were then deploy ed to drilling locations on land 

for other drilling programs . Temperature cable installations were monitored 

periodically by A.S. Judg e a nd M. Burgess through to April 16/78 when shifting 

ice began to break the cables. 

In addition to t h e temperatures determined from t he installed cables, 

additional observations of temperature and sal i nity were made in the water 

column overlying the sediments using incremental logging e quipment. 



LITHOLOGY RESULTS 

The interpreted ge ological logs are given in Appendix A: descriptive 

logs and sample dep ths are given in Appendix B. A generalized litho l ogical 

sec~ion b ased on logs fo r 1976, 1977 and 1978 holes is given i n Fig. 2 . 

In contras t to p revious years dr illing, much of the sub-seabottom 

mat e rial encountered a ppeared to be marginally ice-bonded a lthough all 

measured temperatures were below o0 c. The top few metres o f clays and silts 

were non-ice-bonded in all holes . Occasional coa rse-graine d lenses (1 m thick ) 

in both the ice-bonded and non - i ce-bonded state, were en countered within the 

top 5 metres in many of th e holes. The degree o f ice-bonding in the fine 

grained material appeared to increase with depth in some holes as shown by the 

drilling rates. Ice lenses of thickness in the order of 10 cm were encountered . 

All thick layers of sand penetrated were non- ice-bonded and pre sumed 

saturated with saline water; because of the disturbance b y water-jet drilling 

it was not possible to measure the salinity in the se horizons. 

Washed samples were t aken wherever poss ible in both the fine - grained and 

coarse-grained sections. I n the sand sections whe re the hole was in danger of 

being plugged b y return flow , sampling was oft en no t attempt ed and the section 

was drilled as quickly as p o s sible. 

In hole 78-6 a thick section of ice was interpreted from 31 metres to 

50 metres depth . No sampl es could be obtained ; however, drilling character

istics were identical t o d r i l ling with the hyd raulic jet drill in massive ice 

onshore on the Tuktoyaktuk p eninsula; ie., fas t dr illing rate, no return 

sample flow, no blockage o f fl ow at th e drill bit after a drill section was 

added, chattering of dr i ll r od indicating frozen ma terial, and an open hole 

(the sid e s of the hole di d not cave) . Ben ea t h the ice layer the drill 

encoun t ered loose san d con taining a large qu antity of gas . This section 
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resembles that which would be encountered in segregated ice forma:ions on 

land; thin layers of fine - grained materia l overlie the ice layer which has 

formed within coarse- grained material. 

From Fig. 2 some broad generalizations of shallow litholog~ can be made. 

A definite change in the material type occurs between t he Mackenzie canyon 

sediments and sediment north of the area between Garry and Pullen Islands. 

The change occurs betwe en holes 77-16 and holes 77-17. South of 77- 16 the 

sediments are predominant ly fine grained c lay and silts. North, and northeast 

of 77 - 17 thick sections of sand and gravel are interlayere d with clays and 

silts with varying degrees of ice bonding . East of hol e 78- 6 a fine grained 

clay silt lay er increas e s in thickness and may be correlated with the inshore 

extension of the Kugmall i t trench; this fine grained layer is marginally ice

bonded but the sand beneath shows little dri l ling evidence of ice-bonding. 

Small quantities of gas were encountered in sever al of the boreholes 

and appeared to be assoc ia ted with non- ice-bonded horizons. In hole 78- 6 a 

large gas pocket was e ncountered; gas collect ed beneath the sea-ice and was 

flared t hrough a 20 cm flare stack (flame heigh t o f 1 metre ) for three days 

before the rate diminished . Gas was observed bubbling up through cracks in 

the sea ice in a 30 metre radius about the hole . A sul ph ur deposit was noted 

on the end of the flare stack although no odour was observed from the gas. 

Temperature Measurements 

The 1978 Delta Fr ont holes were drilled to depths ranging from 

24 to 61 m below sea level . Multithermistor c abl es were installed in all 

twelve holes and total depths instrumented ranged from 20.3 to 55 . 5 m. All 

cables were of the foll owi ng configuration: tota l length 61 m, the top 

0 . 5 rn blank, the bottom 30.5 rn consisting o f ten evenly space d sensors 

(3 . 05 m) . One cable was installed per site, except at 78-2, whe re two 
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we re strapped together to cover the total dep~h drilled. A total of 132 

individual sensors were emp laced. The cables were monitored for a period of up 

to 3 weeks as the thermal disturbance due to the jet ting dissipated. Total 

monitoring periods varied from a minimum of 26 2 hrs . a t 78-10 to a maximum of 

526 hrs. at 78-2. 

Temperature logs are tabulated for each drill site in appendix C. 

In general, the final log is considered to be that which mos t c losely 

approximates equilibrium temperatures. However at a few sites, for example 

78-9 and 78- 10, the final logs (and perhaps prior logs) indicate erratic 

temperatures. These are highly suggestive of sensor, and thus , cable, failure 

due to shifting of the shore-fast ice. Selected t emperature logs have been 

p lotted for each site (append ix B ). These suspected cable fai lures should be 

borne in mind when analyzing the temperature profiles . As well, a few sensors 

probably indicate that the sediments at those depth s are at freez eback, the 

temperatures being close to the freezing point and having essentially not 

changed during monitoring . Calculations of the equilibr ium temperatures based 

on the rate of change of tempera ture after cessation of drill ing are being 

undertaken. These results wi l l be presented in a future report. 

Tentative equilibrium t emperatures are n egative in all drillholes and 

generally around -1.5° to - 1.0°c, a l though rang ing from -2° t o -o.s0 c. 

Temperature profiles show no consistent changes or trends across the de lta 

front. In fact little chan ge in temperature occ u rs across the delta front. 

Tentative temperature gradients based on the la st tempe r a rure log or 

preliminary equilibrium temperature calculations indica te very near isot hermal 

gradients, on av erage sl ight l y posi tive (for the dep th interval below the 

pen e tration of the a nnual bottom wa t e r temperature wave). Th e following trend 

from west to ea st is how ever suggested ; gradients ch anging f r om slightly 
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negative (similar to 1 97 7 holes) to slightly positive . These near isothermal 

gradients are probably i ndicative of relict degrading pe rmafrost. The positive 

gradients, i.e. increa s i ng temperatures wi th depth, in t h e eastern drill sites 

(eg. 78-11, 78-12) sugge st thinner permafrost to the east. However, permafrost 

thicknesses cannot be e a sily and accurately extrapolated under these near 

isothermal conditions . 

Water salinity and temperature profiles were obtained at 6 of the drill

sites; a YSl SCT met e r (mode l 33) was used for the former measurements, a single 

thermistor probe for t h e latter. These data are tabula t e d in appendix C. 

Cross profiles, along t h e Delta Front, of water tempera t u r e and salinity are 

presented in figure 3. The drillholes closely follow t he 10 m bathymetric 

contour; water depths r ange from 9.3 to 1 4. 3 m and inc r ease to the east. The 

influence of the warmer and fresh Mackenzie River waters, flowing into Mackenzie 

Bay in the west and Kugmallit Bay in the east, is observ a b le on both the 

temperature and salin i t y profiles. At all sites water t emperatures decrease 

with depth and salinitie s increase; temperatures range f r om -0.3° to -1. 72°c, 

salinities from 6.0 to 35 .5°/oo. However the sites clos e r to the Kugmallit and 

Mackenzie troughs are wa rmer and fresher; surface water i s less than 15°/oo 

and warmer than -1°c. Those sites furthest from the Ma c kenzie River influence 

(78-6 to 78-8) north of Richards Island are coldest and mo st saline. The 

influence of the Macke n z ie River waters is greater in t he west (78-1 to 78-4) 

bottom water temperature s and salinities are warmer and f r esher (17°/oo, 

-l.55°C) than at the easternmos t sites (30°/oo, -l.74°C ) . 
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APPENDIX A 

GEOLOGICAL LOGS, DRILLING RATES, TEMPERATURES 

1978 DRILL HOLES 
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APPENDIX B 

DRI LLING LOGS FOR BOREHOLES 



D~ PAR TI1~ N O ~ ENE~G Y . MIN ES AND RESOURC ES JE TTI NG LOG 

HOLE NO. 7S-l A AREA DELTA FRO NT DATE 24 / 3/ 78 

LAT. 69 ° 43. 8 ' N. WATER DEPTH + ICE 34 Ft. 

LONG. 135 ° 42.6 'W lCE THICKNESS 5 Ft . 
~~~~~~~~~~ 

PIPE L DEPTH TIME PRESS REMARKS 

l - 10 . 5 ft 

2 r I 
21. 0 

I l 
3 31.5 Sea bottom 34 Ft. below ice-surface 

4 42.0 11 :45 Freq uent i ce lensing 

5 53.5 12; 12 Distinct lensing 

6 64.0 12:25 (Problems new sw i vel coming unscrewed) 

7 74.5 12:54 Thick heavy clay ( ?) - some lensing 

8 85 .0 14:02 - few lenses, easier at bas 

9 95.5 14: 31 - distinct lensing 

10 106.0 14: 56 
Cl - dropped last 5' in 
w ,-.. 

sand 
0:: 

11 116. 5 15: l 0 0 Fast u ,, drill ing in sand- water flow on disco nn. 
0:: tt ew bUDDleSJ 

12 127.0 15: 15 II II 

t-
13 137.5 15: 19 

0 II II z: 

14 148. 0 15:29 w Medium II II II - no flow on disconn 
rv 

:=> 

15:37 
Vl pipe jammed; unable advance, 15 (,/') to recover or 
I I 

0:: 
0.. 

tried t o circulate. On disconnection water 

column 7 ' high in dri ll tent, initially cl ea r 

!then al most black. Started 16:10 ended 

16:35. Wat er fresh. Thermistor cable cou l d 

not be run as pipe full of goo at 25'. Too 

dangerous to at tempt recirculation as suspe et 

flow only s topped by silt ing of pipe. Hole 

abandoned. 

I 



DC: P4R1l1 :: NT OF ENERGY, MI lES AND RESOURCE S JE TING LOG 

HOL E NO . 7B- l8 ARC:/.. DELTA FRONT DATE 25 March, 197 8 

LAT. 69 ° 43 . 8' WATER DEPTH + ICE 34 Ft. 

LONG. 135 ° 42. 6 ' ICE TH I Cl~N ESS 5 Ft. 

PIPE L DEPTH TI ME PRESS REMARKS 

l 10.5 in water 

2 21. 0 II II 

3 31. 5 II II 

4 42 . 0 13: 39 4' i n water, 6' i n silty clay 

5 52.5 13: 53 c::i 1+"-r1::>\/ - ,,; c+; nrt ; re nr c::;:,nrl lens 
v ~ 

6 63.0 14:04 sil ty - distinc t ice or sand l ens 

7 73.5 14: 29 sand - possibly f rozen or gravelly 

8 84.0 15:28 
~ 

stiff clay 
9 LW 

stiff clay - si lty sand at base 94.5 15: 47 Cl ,..., 
0 

10 105. 0 u 
sand 1 oose unfrozen 16: 11 LW ,..., 

11 115. 5 16.: 22 I II 

'-

0 

12 126.0 z 
f ast drilli ng at base - sand 16:29 very 

LW 
a::: 
~ 

(/")' 
(../') 

# 213 lowest t hermistor at 107 1/2'. LW Cable ,..., 
0... 

Other ·-17.5, -27.5, -37.5 , -47.5, -57.5, 

-67.5, -77. 5' -87. 5, -97.5 from ice surface 

I 

I 



DE PARTI~ENT OF ENER GY, MlNES AND RESOURCE S JETTING LOG 

HOLE NO. 78-2 

LAT . 69° 45 . 2' 

LONG. 135 ° 24. 1' 

PIPE L DEPTH TIME 

10.5 31. 5 - 42 4 min 

.. 

1o.5 42 - 52.5 13: 19 
n·n 

10. 5 
13:25 

!t;? i:; - fi' 11 · ?7 

10. G fi1 - 71 c; l p~~Oc; 
13:36 73. 5 - 84 10.5 l 3: ':lA 

13 :41 
10.5 g4 - 94.5 n3:41 .5 

13:43 .5 
10.5 94. 5- lOS . 13:45 
10.5 1nc:;-11c; ·c; 13 :48 , <. i:;i:;7 

10.5 115.5-12E 
13:47 .5 

13 : t;6 
l ll: 00 10 .5 126-136.5 14 :-OR t; 

10.5 
14:10 .S 

136.5-147 14·17 

10.5 14:19 .5 
147-157.5 14:3? 

10.5 14: 33 .5 
157.5-16t 14 :57.C 

10. 5 15:00 
168-178.: 15:35 

10. 5 15:38 
178.5-18~ 15:43 

10.5 15:45 
189-199.: 15:46 

I 

AREA DELTA FRONT DATE March 24, 197 8 

PRESS 

R 
0 
0::: 
0 
u 
WJ 
0::: 

I-
0 .,,,.. 

WJ 
0::: 
::::> 
LJ") 

(./') 
w 
0::: ,.., 

WATE R DEPTH + ICE 

ICE TH ICKN ESS 

30 .5' 

5.5' 
~~~~~~~~~-

REMARKS 

31.5 - 34. 5 mud, 34. 5 - 42 stiff clay & s 

silt & clay re t urns, no sample 

stiff clay, no sample 

clay, no sample 

1c: lav with qnd lPnc:Pc: (fast drillino) 

73.5 - 77 .6 fac:t dr illi na ( sand. 1oose)77. 5 
c 

fast drill inq - loose sand 

94.5-96. 5 sand , 96. 5-105: silt with sand 

105-111 silt. 111-1 15. 5 coarse aravel 
str 

coarse ma terial or ice l enses 

clav. clav returns. smal l samole 

clay with sand lenses 

stiff clay 

stiff clay 

i lt 

-84 
lay 

in ge r ~ 

clay with sand stringers (fast drilling) g as 
bubble '. 

178.5-1 83 clay (st iff) , 183-189 sand 
, 

rt asL an1 nngJ 111uL.11 gas 
189-197 - sand, 197-199.5 clav 

pipe sei zed 

Installed thermistor cables # 208 and # 20 9. 

Bottom therm on # 208 i s at 181. 5'. 

Top the rm at 91 ."5': Bottom therm on # 209 

is at 86. 5' , too t herm is 3.5' above ice 

Installed 2" plastic casing tG 95'. 



DEPARTMEln OF ENERGY , Ml Nt:S AN D RESOURCES JETTING LCG 

HOLE NO. 78- 3 

LAT. 69 ° 48.0' N 

LONG. 135 ° 14.7' W 

PIPE L DEPTH TIME 

l l 0. 5 

2 21. 0 

3 31. 5 

4 42.0 l 0: 45 

5 52.5 11 :02 

6 63.0 11 : 29 

7 73.5 11 : 52 

8 84.0 12 :06 

9 94.5 12 : 21 

l 0 105.0 12 :46 

11 115. 5 13 :06 

12 121 . 5 13 : 17 

13 : 19 

AREA DELTA FRO NT DATE March 27, 197 8 

PRESS 

Cl 
l:!::l 
ex: 
0 

w 
0:: 

I-
0 
-

0:: 
::'.) 

V? 
w 
ex: 
c.... 

WATER DEPTH + ICE 

ICE THICKNESS 

35 Ft. 
5 Ft . 

~~~~~~~~~~ 

REMARKS 

i n water 

II 

II 

5' in water, 3' s i l t. 2' sand 

silt with thin sand or ice lens 

slow dri lling - clay fin e sand (wrench 
up 

spe 
con 

eded 
sidera t 

stiffer dr illing in clay 

back pre ss ure on disconnect - sand 
II sand -

no back pressure .. silt -

loose sa nd last 3 ft 
-· 

4 1 611 rema i ns above ice. Very fast drill in g 

1 oose sand. Pipe pus hed hard into base bu t 

strong flow on discon nec t (2' head). Held 

unti 1 cable prepared . Cab le ~' owered to 

2nd last thermistor at top pipe. Lowest 

thermistor depth. 76 .25 ft from ice surfa ce 

therm +3 1I4 I , -6 l I 4, -16 1/4. -26 l I z+ 

-36 1/4, -46 1/4, -56 1/4, -66 1/4' -76 1/4' 

from ice surface 

Cable .IJ 217 TT 



DEPARTMENT OF ENERGY, MINES AND RESOURCE S JETTING LOG 

HOLE NO. 78- 4 AREA DELTA FRONT DATE March 26, 1978 

LAT. 69° 49. 8 ' WATER DEPTH+ ICE 35 .5' --'-'-------
LONG. 135° 01.5 ' 1 CE THI CKN ESS 5.5' 

PIPE L DEPTH TIME PRESS REMARKS 

10 . 5 31.5-42' soft clay 

9:15 .5 
10 . 5 42-52.5 9: 19 stiff clay, sample clay 

9:23 
10 . 5 52.5-63 9:27 .5 clay, sample 

9:30. 5 
10. 5 63-73.5 9:34 clay, sample 

10. 5 73.5-84 ~J~ Cl clay with sand str ingers, sandy near bott om 

10. 5 9 : 4C . 5 Cl 

84-94.5 9:42 
0::: sand (fast drilling) 0 

' 

10.5 9:44 .5 w 

94.5-105 
0::: sand and ice 1 enses 9:45.5 

105-115.c 9:48 
I-

10.5 9:48.5 0 sand (l oose) 
9: 51 -

10. 5 115.5-12E 0. r: ') lr: sand (l oCse) hard layer at 125' 

9:55 w 

10.5 126-136.~ 
0::: 126-130 sand with hard layer 130-133 - cl 

Q. r:I lr: ::::> ay' 

10.5 10:00 Vi r~.5-Sdnu 

136.5-147 
w sand (loose) , pipe seized at 140 I E.0.H. 

' 0::: 
-

hole blocked at 25 ' depth 

redril l ed along si de to 79.5' 

installed thermis tor cable # 210 

3rd therm. from top of cable is 3.5' abov e 

ice level, bottom thermistor is at 66.5' 



DEPARTMENT OF EtffRGY, MINES AND RESOURC ES JETTI NG LOG 

HOLE NO. 78-5 

LAT. 
LONG. 

PI PE L 

l 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

69° 51.4' N 

134 O 48 , 7 I w 

DEPTH TIME 

11 

22 

33 

44 
12: 13 

55 12:30 

66 12 : 54 

77 13 : 12 

88 13 : 22 

99 13 : 30 

l 09 l/ ~ 13 : 42 

120 l 4 : 08 

124 l I 2 14 : 20 

ARcA DELTA FRONT DATE March 29, 1978 

PRESS 

,___, 
w 
Cl 
a: 
0 
u 
w 
a: 

r-
0 
z 

w 
a: 
:.;;:i 

Vl 
Vl 
w 
= 
Cl... 

WATER DEP TH + ICE 36 Ft 

ICE THICKN ESS 5 1/2 Ft 
~~~~~~-'--~~~ 

REMAR KS 

in water 

JI 

11 

3' in water, frozen layer 2' below sea-bed 

46-48' sand silt wi th ice lens. Wrenching 
d 

slow drilling 66-72 '. Rapid descent 72-77 
o.p. aisc 

very loos e sand rap id descent, b.p. on dis 

11 11 11 11 11 gas bubbles 
' 

11 11 11 11 11 11 R·P· dis 

99-105 pipe dropped full weight, switched 

• silt 

rapi d 
escent 

onnect 
con ne e 

con nee 

t-'; I-'"" -. .;:ieC 
lo l I 

tions 

110-r\/ c: ti ff c:1nw rlr i11i na h.D. on disconn 

very s t i ff slow dri l ling. Pipe seized c 

ect 

omplete 

at 124 1/2. Back pr essure on disconnect at 

15: 15. Cable # 214 ins talled with 2 weig hts 

Sensors at 24.75', 34. 75'. 44 • 75 I > 54.75' 

F.l1_75' 7 4 • 7 5 I , 84. 7 5 I , 94. 75'' l 04 • 7 5 I , 

114.75'. Hole aban doned 15:45 after cabl e 

install at ion. 



DEP.t,RTM:KT OF C: NERG Y, MlNES AND RESOURCES J~TT!NG LOS 

HOLE NO. 78- 6 AREA 

LAT. 69° 54.0' 

LONG. 134° 33.9' 

PIPE L DEPTH TIME PRESS 

10. 5 31.5-42' I 
12: (j4 

lo.5 42-52.5' 12:08 

52.5-63' 
12:'11 

10.5 12: 15' 
12: 17 :5 

10.5 63-73.5 12:18.5 

10.5 73.5-84 ~ ~:~2 
12:24 

10.5 84-94.5 12:55 
12:581 w 

10.5 94.5-105 13:01 I 
Cl 
er: 

13:03) u 
10.5 105-115. w 

b .13: 041 er: 

10. 5 115. 5-12 b 13:07 
13:08 
13: 10 5 0 

10.5 126-136. z: 
b 13:1'1 

10.5 136. 5-14 ~ 13:1 7 w 

13::: er: -
13:27 V'l 

10. 5 147-157. V'l 
b 1 ').') ('I w 

_. .. -- a.. 

DELTA FRONT DATE March 28, 1978 

WATER DEPTH + ICE 36 Ft 

ICE THICKNESS 5.5 Ft 

REMAR KS 

soft cl ay 

stiff clay with sand stringers 

52.5'-62' clay with sand stringers, sand a 

sand with ice 1 ense s 
sahd (l oose) 

84-85 loose sand 85-91 .5 frozen clay, 91. 
loose sand or v 

ice with voids 

ice with voids 

ice wit h voids some gas bubbles 

ice 

ice 

147-150 ice, 150-1 57. 5 1 oose sand 

gas blowi ng out of sump hole E.0. H. 

i nsta 11 ed the rm isto r cable # 211 

top the rm at 25' be l ow ice-level, bottom 

therm at 115' . 

The steel pipe had to be pulled up three 

t 62' 

5-94.5 
oid 

sections to install cabl e since fresh wate r 

retu r ns were frozen in the pipe. 

Built 611 dia. flare sta ck on sump hole, 

flared gas (3' flame) for 48 hrs, gas 

escapin g up cracks in ice in 100 I radius 

about stack. Gas has slight odour of H,.,S, -
sulphur sta in on flare stack. 



DEP . .D,R1f'1ENT OF ENERGY , ~'.J lff S AND RESOURCES JC:TTI NG LOG 

HOLE NO. 78- 7 ARE A DEL TA FRONT DATE Mar ch, 31, 1978 

LAT. 

LONG. 

PIPE L 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

69 ° 56 . 3 ' N (600 m) WATER DEPTH + ICE 
134° 22 . 5 ' W (N .W. of )ICE THI CKNESS 

--'-=-'-----"'-'"'-'-"'---"- ( I s s erk ) 

44 Ft 

4 1/2 Ft 

DEPTH TIME PRESS REMAR KS 

Ft. 
10.5 in wate r 

21. 0 " 

31. 5 " 
" 42.0 l 0 : 56 

52.5 11 : 03 loose sa nd f ast drill i nq, b. p. on disconnect 

11: 08 " strong " 63.0 ,....., , 
w 
Cl 

" 73.5 11: 13 0:: no b.p. ,......, , 
u 

" w b.p. on disconnec 
84.0 11: 17 0:: 

, 

" strong b.p. " 94.5 11 : 27 1--
, 

0 
105 z pipe sti ffened up and seized. ( Essenti a 1 to 

Compl ete1 11 : 51 w maintain igh speed of drilling in sand and 0:: -.. 
l/) 
l/) 

rapid pipe interchange). Sand collapses w 
rv 

Cl.. 

around pi pe and seizes 

I Cable # 21 5 ins ta 11 ed. Sensor at -2', -12' 

-22', -32' , -42', -52' , -62' , -72', -82 I, 

-92' from i ce surface 

N.B . 27 m east of survey stake # 16 on 

on ly convenien t pan of ice. 

:::n t; mi 1 PC:. N w T c:.c:.Pr k F-'?7 

I 

t 



HOLE NO. 78- t 

LAT. 69° 56.0 ' 

LONG. 134° 09.6 ' 

PIPE L DEPTH TIME 

11' 44-55 I 
9: 18 
Q. ')') 

--

11' 55-66 9: 30 
Q • ., ') 
- - -

10. 5' 66-76.5' 9: 34 
n . 'J II - -

l 0. 5' 76.5-87 9:37 
O · 'J.7 

l 0, 5 I 87-90' 9:40 
1n.1 n 

' 

I 

' ,., ~ 

L ·..r.:. 

AREA DEL TA FRONT DAT r March 3Cl , l~~' f , 

WATER DEPTH + ICE 43' 
ICE THICKNESS ____ 5_._5_' ___ _ 

PRESS REMARKS 

43-46 sof t cla v 46- 48 sand, 48-55 stiff cl ay 

55-58 stiff clav. 58-66 loose sand 

loose sand some sti ff l enses 

Cl loose sand, qas bub bles 
0 87-88 loose sand 88-90 frozen clay ex:: 
'-' u 
w pipe sei zed at 90' E. O.H. c:: 

installed thermistor cable # 212 
f-
~ 

z: top therm is 5' above ice 1 eve l 

w bottom t herm is at 85' ex:: 
~ 

(./') 
(./') 

w 
....... 
0.. 



D: P.L.RTI·1E N";" OF ENERG Y .. MIN ES AND R::S OURCE S J::7TI r;c LQG 

HOLE NO. 78- 9 AREl.\ DELT A FRONT Oft.TE J.\p r i l 2 ' 1970 

L?.T. 69 ° 54. 2 N WATER DEPTH + ICE 43 Ft 

LONG. 133° 53. 8 \~ ICE TH I CKNESS 5 Ft 

PIPE l DEPTH TIME PRESS REMAR KS 

l l 0 l /2 i n water 

2 21 II 

3 31. 5 II 

.. 

4 42.0 II 

5 52.5 9 : 55 l l I i n water, si lt some i ce lens -
I 6 63.0 l 0: 18 Cl sil ty some ice lens? 

w 

7 Cl 

73.5 l 0 : 37 0::: as abo ve, 68-73 ' fas ter unfrozen 
0 
'--' 

8 84.0 L..LJ 

11 :05 0::: loos e sand 

9 94.5 11 : l 0 II 

f-
Cl 
:z:: II 

10 105.0 11 : 15 
L..LJ 
0::: stiff at start of 10 sand cave of 

' ~ 
Vl 
Vl 
w frozen clay. Broke pipe at sea-floor 0::: 
D... 

attempti ng to fo rce . Moved over few 

inches and redri lled 

l 10.5 i n water 

2 21.0 II 

3 31. 5 II 

4 42.0 II 

5 52.5 12: 25 l I in wa ter, si lt with ice lens 

6 63.0 12 :46 silt some ice lens 

7 73.5 13 :08 II 

8 84.0 13:28 loose sand 

9 94. 5 13:30 

I 



D:: PhRTMENT OF ENERGY, MIN ES AND RESOURCES JETTING LOG 

HOLE NO. 78-] Q AREP. QFLI8 morn DATE 8~rj] ]. ]978 

LAT. 69° 52.5' WATER DE PTH + ICE gQ ,5' 
LONG. 133° 39 · l I ICE THI CKNESS 

PIPE L DEPTH TIME PRESS REMAR KS 

16: 9.: 
soft cl ay 10.5 43-53.5' 16 ~10 5 

153 . 5-64' 
16: 13 5 

10.5 16: 16 soft clay some stiff sections clay return s 

10.5 16: 19 5 
soft clay, sample 64-74.5 16: 21 

10.5 16:23 5 
soft clay and sand, clay and sand sample, 74.5-85 16: 27 she l 

l 0. 5 85-95.5 16:28 
, c::>. 'Jn loose sand. no ba c:k nrpc:;c:;11re. oioe seized 

...... -- ~ 

w 
Cl pulled up reiPt+Pd 0:: 

16: 3t> \.....) 

95.5-106 u 
l 0. 5 16:36 w 

loose sand oinP sei 7Pd 0t1ll ed reiett 0:: UP ed 
10.5 106-116. t 

16:48 
16:49 t- loose sand oinP se i7ino 

10.5 116 .5-12, 17:06 z 
loose sand oioe seizi no oulled and reje ,.,_,...., tted -

10.5 127- 134. ' 17:30 w 
1 oose sand pipe seized at 134.5· -- 0:: E.0.H . 

~ 

V') 
V') 

install ed thermistor cable # 218 ' w 

I 
~ 

0.. 

top therm is at 43' below ice surface 

bottom therm is a t 133 I 



J~PARil-! : NT OF EN: :\GY , Ml N:: S Af\D 

HOLE NO . 78- 11 ARE A 

LAT. 69° 51. 2 ~ 

LONG . 133 ° 26. 4 w 

PIPE L DEPTH TIME PRESS 

1 10.5 

2 21. 0 

3 31. 5 
I 
l 

-

4 42.0 
· 5 I 52.5 10:00 

6 63 .0 10: 10 

7 73.5 10: 26 0 ,,, 
Cl 
0::: 

8 84 . 0 10: 50 R 
w 

9 94.5 11: 06 0::: 

10 105.0 11 : 25 ~ 
:z: 

11 115. 5 11: 50 
w.J 

12 126.0 11: 58 0::: 
::::i 

n 

VJ 

13 136.5 12: 15 w.J 
0::: 
n 

14 145.0 12: 30 

complete 12:45 

I 

RESOURc:s JETT!NG LOG 

DELTA FRONT DATE Apri l 4, 19 72. 

WATER DEP TH + ICE 45 Ft. 

ICE THIC KN ESS 5 Ft 

REMARKS 

in water 

II 

II 

II 

3 ft i·n water, gumbo below rapid descent 

52.5 - 57.5 gumbo , cl ay-silt below 

clay-s i lt some thin ice lens 

78.5 - 80 . 5 sand , 82.0 - 84 .0 sand, remai 

84 . 0 - 89.0 sand, s ilt below 
s 

-- - ---
silt with t hi n sand i nterlayers 

105 - 114 sand, cl ay or sand collapse bel 

115. 5 - 122 . 5 sand , s tiff clay below 

stiff cl ay wre nch ed down 

clay ve ry stiff. Pipe wrenched down to ref u 

nder 
i lts 

ow 

sal 

cable 230 installed with sensors at -49, -5 9' 

-69, -79, -89, -99, - 109, -119, -129, ' - 139 ft. 

below ice surface 



DEPARTI~~~T OF ENE RGv, MINES AND RES OURCES JETTING LOG 

HOLE NO . 78- 12 

LAT. 69° 51.0 ' 

LON G. 133° 11 . 5' 

PIPE L DEPTH TIME 

10.5 43-53.5 

153.5-64 
16:30 

10.5 16: 31 

10 . 5 64-7 4. 5 16:33 
16:35 
16:37 

10.5 74.5-85 16:38 

10.5 85-95.5 1g~~2 
16:43 

10.5 95.5-106 16:45 
16:47 . 

10.5 06-116.5 16:53 
16:55 

10. 5 11 l 6. 5- 127 17:00 

10.5 h27 -128..5 

' 

I 
I 

AREA DELTA FRONT DATE April 2, 1978 

PRESS 

5 

5 
5 
5 0 

w 
5 Cl 

c:: 
0 
u 

5 w 
c:: 

r-
0 
z: 

u.. 
c:: 
::;:, 
(./) 

VJ 
w 
c:: 
0.. 

WATE R DEPTH + ICE 

ICE TH IC KNESS 
47 Ft 
5.5 ft 

~~~~~~~~~-

REMARKS 

47 - 40' soft clay, 50-53.5 - stiff clay 

so ft cl ay , sample clay 

sof t clay 

soft clay 

soft clay 

95.5-1 04 soft clay , 104 -106 loose sand, sa 
sana & w 

lo5se sand, pipe se izi ng (may be frozen ) 

mple 
ood 

sand pipe seiz ing 116.5-1 21, loose sand fr om 121 

sand , pi pe seized E.O.H . 

insta.lled thermistor cable .!J 219 top t he rm r; is tor 

is 34' below ice surface 

bottom t hermistor is at 12~. 



APPENDIX C 

TABLES OF 

WAT ER SALINITY, WATER TEMPERATURE 

AN D DRI LLHOLE TEMPERATU RE LOGS 



L' . \\'a tcr Salini t jes ( ,' 00) 

~~ !:" c:. 1978 Bf:!2t~f o:-t ~ea J <.> -
~- '!J r:..llin t; Sites 

Dee r: ~ I 7 0- 1 78- 3 I 7 &- 5 I ei - i I 7 0- 9 ' 78- 11 

(m) l 

I I ! 
I 

1 6.0 I 6 . 5 6.5 I 20 . 5 12.2 11. 5 
I 

I I I 11. 8 11 . 5 2 6 . 0 I 6.0 20 . 5 

3 6.0 I 6 . 5 I 6 .0 
I 

21. 0 I 11. 8 11 . 5 I 
4 6.5 I 7.0 I 21. 0 11. 8 I 11. 7 

7.0 I 8 . 0 I 12 . 5 24. 0 11. 8 13.0 5 I 

I 
I 

31. 0 34. 0 12.0 16.5 6 9.0 I 12 .0 

7 15.5 I 24 .0 31. 5 34. 2 18.5 27.0 
I 
' 8 16. 5 I 25.0 32.5 35. 5 19.5 28.0 

9 17 .5 I 25 . 8 32. 7 35.7 21. 0 28. 7 

10 17.5 I 26 . 0 33.0 35.5 22.0 29 . 0 

11 I 26.5 33.0 35.5 22.5 29 . 5 

12 I 35 .5 22.7 29. 7 
I 
' 

13 I 23.0 30.0 I 
14 I 30.0 

I Water Temperature s 

I March 1978 Beaufort Sea Jet Drilling Sites 
' 78-1 78- 3 78-5 78-7 78-9 78-11 
p ep th Temp . Depth Temp. Depth Temp . Depth Temp. Dep th Temp . Depth Temp. 
I n) . (oC) ( m) (oC) (m) (oC) (m) (oC ) (m ) (oC) (m) (o C) 

~ 3. 7 - .43 4.0 - .51 3.0 - .28 1. 8 -1.14 3.0 - .83 3 . 0 - . 77 

I ) . 0 -1. 55 11. 0 -1. 60 4.6 - .44 3. 0 -1. 05 4 .6 - .76 4 . 6 - . 72 

6.4 -1. 38 4 . 6 -1. 04 6.1 -1. 221 6.1 -1.1 6 

7.9 -1. 65 6.1 -1. 58 7. 6 -1. 641 7.6 -1. 66 

9.5 -1.66 7.9 -1. 631 9 .5 -1. 69 9.1 -1. 71 

10.7 -1. 66 9.1 -1. 661 11. 0 -1. 72 10. 7 -1. 74 

11. 0 -1. 65 10. 7 - 1. 69 12.5 -1. 72 12.2 -1. 74 

12.2 -1. 69 13 . 4 -1. 68 13. 7 - 1. 72 

I 12.5 -1. 691 I 
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