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PREFACE 

A knowledge of t h e  thermal  regime e x i s t i n g  
a t  dep th  i n  a r e a s  of p e r e n n i a l l y  f r o z e n  ground i s  of 
p a r t i c u l a r  importance i n  f u r t h e r i n g  a  b e t t e r  under- 
s t and ing  of permafrost .  To o b t a i n  such in format ion ,  
deep ground temperature  i n s t a l l a t i o n s  a r e  r equ i r ed .  
A number of problems a r e  involved ,  however, i n  making 
t h e s e  i n s t a l l a t i o n s  p a r t i c u l a r l y  w i t h  r ega rd  t o  t h e  
p l a c i n g  of t h e  equipment t o  t h e  r e q u i r e d  dep th  i n  t h e  
f r o z e n  ground. 

It was f o r  t h i s  reason  t h a t  when t h e  D iv i s ion  
of Bu i ld ing  Research,  Nat iona l  Research Counci l ,  under- 
t ook  t o  i n s t a l l  two thermocouple c a b l e s  t o  dep ths  of 
200 f t .  a t  Noman Wells ,  N.W. T. i n  t h e  summer of 1958, 
t h e  r eco rd ing  of in format ion  on t h e  a c t u a l  d r i l l i n g  
o p e r a t i o n  became a n  impor tan t  p a r t  o f  t h e  p r o j e c t .  

The a u t h o r ,  who i s  a  r e s e a r c h  o f f i c e r  i n  
t h e  Northern Bu i ld ing  Sec t ion  of t h e  D iv i s ion ,  h a s  
been concerned wi th  t h e  i n v e s t i g a t i o n  of d r i l l i n g  
and sampling techniques  i n  p e r e n n i a l l y  f r o z e n  ground 
over  t h e  p a s t  f e i ~  yea r s  and a l s o  eng inee r ing  s t u d i e s  
of t h e  performance of founda t ions  i n  permafrost .  

Ottawa 
February 1961 

Robert F. Legget 
D i r e c t o r  
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G. H. Johnston 

Deep ground temperature measurement i n s t a l l a t i o n s  
i n  permafrost a reas  a r e  few i n  number, being l imi ted  t o  Point  
Barrow, Alaska (1) ; Resolilte Bay, Cornwallis I s l a nd ,  N.1V.T. 
(2,3,4);  and Thule, Greenland. These i n s t a l l a t i o n s  provide 
information t o  depths exceeding 650 f e e t  below the  ground 
surface  i n  perennia l ly  f rozen ground. 

A s  p a r t  of the  wartime Canol p r o j e c t ,  a number of 
exploratory o i l  wel ls  were d r i l l e d  i n  the  Norman T~Vells, N.W.T. 
area and the  occurrence of permafrost was repor ted  t o  depths 
of about 180 f e e t  below the  ground surface.  During the  summer 
of 1958, the  Northern Building Sect ion of t he  Divis ion  of 
Bui ld ine  Research undertook the  i n s t a l l a t i o n  o f  deep ground 
temperature measuring instruments a t  Norman Wells t o  determine 
more accura te ly  the depth and the  long-term performance of 
permafrost i n  t h a t  a r e a .  The lvork was c z r r i e d  out during the  
period 2 1  Ju ly  t o  12 August 1958. Two holcs  (I!!@ 1 4  and 
NT:'iB 1 6 )  were d r i l l e d  a t  bvo d i f f e r e n t  loca t ions  t o  depths of 
about 200 f e e t  and two holes  (N1K13 1 5  and N1ii'13 1 7 )  were -d r i l l ed  
t o  depths of 10 f e e t .  I n  each of t h e  f o u r  ho les ,  thermocouple 
cables  were i n s t a l l e d  t o  measure the  ground temperatures a t  
var ious depths. The experience gained i n  i n s t a l l i n g  t h i s  
equipment f o r m s  the ba s i s  of t h i s  r epor t .  

LOCATION 

Norman Wells i s  loca ted  on the  nor theas t  bank of 
t he  Rlackenzie River a t  65O 37' no r t h  l a t i t u d e  and 127O 20' 
west lonai tude.  (The r i v e r  flows t o  t h e  northwest; a t  t h i s  - 
point .  ) The sett1.ement i s  s t rung  out  a 1  
f o r  a  d is tance  of approximately 1; miles 
from the  r i v e r  f o r  a maxi-mum d i s tance  o f  

one t he  r i v e r  bank 
and extends back 
one ha l f  mile.  

Permafrost condit ions have changed consid-erably i n  and 
adjacent  t o  the  se t t lement  because of cons t ruc t ion  a c t i v i t y .  
To el iminate  the  e f f e c t s  of the  inhabi ted  a r e a ,  t he r e fo r e ,  
a l l  holes  were d r i l l e d  outside the  se t t lement  bou-ndary i n  
undisturbed t e r r a i n .  Holes IWB 1 4  and Fv'LI3 1 5  a r e  Located 
about t h r ee  quar te r s  of a  mile nor th  of the  r i v e r  near  
Seepage Lake. Holes NTJIB 1 6  and N'?B 17 a r e  loca ted  about 
400 f e e t  from the  r i v e r  and approximately 800 f e e t  e a s t  of 
we l l  17X on t he  road t o  the  a i r p o r t  (Pig.  1). 



PHYSIOGRh-PHY AND GEOLOGY ( 5 , 6 ) - - 

The RIackenzie Lowland s e c t i on  of the  Canadian 
I n t e r i o r  " lains  l i e s  between the  rugged Canadian Cord i l l e ra  
on the west and the  desola te  Canadian Shield on the  e a s t .  
I n  t he  v i c i n i t y  of Norman "Je l l s ,  t h e  Mackenzie Lowland 
occupies a  r e l a t i v e l y  narrow s t r i p  of land between t he  
Norman ( o r  Discovery) Range o f  mountains on the  e a s t  and 
the Carca jou Momtaina on the  west. The Norman Mount-ains 
r i s e  about 2,500 f e e t  above the  Mackenzie River bu t  t he  
Carcajou Rlountains a r e  much h igher  and more rugged. Except 
f o r  the  mountains, t h e  area  i s  genera l ly  l e v e l ,  broken only 
by t e r r a c e s  on t he  western s i de  of t he  r i v e r  and r e s i s t a n t  
sands-tone and limestone r idges  of the  t i l t e d  Paleozoic rocks 
on the  ea s t .  

The Norman ?iIountains a r e  about f i v e  mi1.e~ t o  the  
nor theas t  of t he  Norman l!ilells o i l  f i e l d .  They a r e  a n t i c l i n a l  
i n  form and represent  the  western ha l f  of a  g r e a t  f o l d ,  the  
a x i s  o f  v~hich has been eroded leaving a  deep va l l e y  w i t h  
abrupt  eastward-facing c l i f f s  . S i l u r i a n  l imestones outcrop 
on the  top  and e a s t  sid.e of t h i s  range and the  successive 
h igher  formations (9cvonlan) a r e  found. on the  west f l ank .  
On the  west s lopes of the  va l l e y ,  Devonian l imestones again 
appear a t  the  surface  a t  the  e a s t e rn  edge of the  Carcajou 
Mountains and l,vest\vard i n  the mountains, S i l u r i a n  and Cambrian 
roclrs occur,  ind ica t ing  an  eas te rn  dip.  Thus the  Norman Wells 
o i l  f i e l d  i s  on a monoclinal s t r uc t u r e  on the  southwest f l a n k  
of the  Norman Range and on the  nor theas t  limb o f  the  Carcajou 
basin.  

The whole area  was subjected. t o  g l a c i a l  a c t i on , t he  
general  movement of i c e  being i n  a northwest d i r e c t i on .  An 
o b l i t e r a t i n g  mantle of g l a c i a l  ma te r i a l  and recen t  sands and 
s i l t s  of va r i ab le  depth cover -the a rea .  

The upper Devonian formations encountered during the  
d r i l l i n g  program were t he  Imperial  sandstones and the  Port  
Creek shales .  The upper nonbiturninous member o f  the  Port  
Creek sha les  cons i s t ing  of grey sha l e s  and t h i n  sandstones 
was encountered throughout the  depth of hole NITB 1 4 .  The 
Imperial  formation consis-iiing of green, f ine-gra ined sandstone 
and sha les  was encountered throughout t h e  depth of  hole  B'iIB 16 
(Ti& 2 ) .  

SOIL AND PlInL4PROST CONDITIONS 

So i l  samples were obtained f o r  l abora to ry  t e s t i n g  
fro-  holes  N1:lB 1 4  and T:17B 16.  The s o i l s  t o  bedrock a r e  
predominantly s tony s i l - 5  c lays  with some f i n e  sand. Immediately 
overlying the  bedrock formations,  a  very dense blue c l a y  occurs 
for a depth of approxinately 2 t o  3 f e e t .  S o i l  moisture ( o r  
i c e )  contents  decreased with depth varying from 142.5 pe r  cen t  



to 11.4 p e r  cen t  wi th  an average value of 48.7 P e r  c e n t =  

Frozen ground was encountered i n  a l l  h o l e s  a t  a 
depth of about  1 f o o t  below t h e  ground su r face .  The maximum 
depth of thaw which occurs each y e a r  a t  Norman Vlells under 
s i m i l a r  s o i l  and vege ta t ion  cover c o n d i t i o ~ l s  has  been observed 
t o  be about  24 t o  30 inches  and occurs dur ing  e a r l y  October. 
Poor core  recovery i n  hole  W;iB 14 ,  because of t h e  s tony  n a t u r e  
of t h e  s o i l ,  prevented t h e  de te rmina t ion  of t h e  d i s t r i b u t i o n  
of i c e  i n  t h e  s o i l  and t n e  depth of f rozen  m a t e r i a l  i n  t h i s  
ho le .  The underlying Por t  Creek s h a l e s  were encountered a t  
a depth of 1 2  f e e t  5 inches .  Somewhat b e t t e r  core  recovery 
was obtained i n  hole  NViE 16. The i c e  seg rega t ion  occurred 
a s  h o r i z o n t a l  l e n s e s  from h a i r l i n e  t o  s i nch  t h i c k  spaced 
from 1/16 inch  t o  1 inch  a p a r t .  Some i r r e g u l a r l y  o r i en ted  
l e n s e s  a l s o  occurred s p o r a d i c a l l y  through t h e  s o i l .  Frozen 
m a t e r i a l  was encountered down t o  t h e  underlying Imper ia l  
sandstone a t  35 f e e t  6 inches .  It was no t  determined t o  what 
depth i n  t h e  bedrock t h e  f rozen  cond i t ion  e x i s t s .  

DRILLING EQUIl3JENT 

A Longyear J u n i o r  S t r a i g h t l i n e  diamond d r i l l  (gas  
eng ine ) ,  f i t t e d  wi th  a n  N-size hydrau l i c  head,  was used t o  
bore a l l  ho les .  The r i g  was mounted on a  pipe s l e d  approxi -  
mately 1 2  by 6 f e e t  i n  s i z e  cons t ruc ted  of 6- inch pipe (Fig,  3) .  

A 5-f oo t  InL double-tube, swivel-bead core  b a r r e l  
( g i v i n g  2-inch $d c o r e s )  was used through overburden and rock  
c o r e s  ( l i - i n c h  $d c o r e s )  were obtained us ing  a 5- foot  AXL double- 
tube,swivel-head b a r r e l .  Both core  b a r r e l s  were f i t t e d  wi th  
6- tooth  carboloy i n s e r t  b i t s  and s p r i n g  s t e e l  core  r e t a i n e r  
t e e t h .  These were used throughout t h e  overburden and bedrock 
d r i l l i n g .  17X f lush-coupled cas ing  was d r i l l e d  down and s e t  
i n  bedrock and AX f l u s h - j o i n t  c a s i n g  was then  used t o  prevent  
cave i n  bedrock. A-size d r i l l  rods  were used throughout.  A 
s t e e l  t r i p o d  wi th  20-foot l e g s  of 2-inch pipe allowed 10- foot  
p u l l s  t o  be made, 

Water f o r  d r i l l i n g  was obtained frcin ponds nearby,  
t h e  l o n g e s t  supply l i n e  being about  500 f e e t .  A chain-dr iven 
gear  pump was used f o r  supply t o  t h e  r i g .  The pressure  pump 
a t  t h e  r i g  was a  Smart Turner duplex p i s t o n  pump of 1 ,000 gpm 
(U.  S. ) capac i ty ,  

DRILLING OPERATION 

The d r i l l  crew cons i s t ed  of a  d r i l l  runner  and 
he lpe r .  A member of t h e  Northern Research S t a t i o n  s t a f f  took  
samples, logged t h e  core  and made observa t ions  on t h e  d . r i l l  
performance and t h e  gene ra l  d r i l l i n g  opera t ion .  Observations 
were made on t h e  temperature of t h e  water  supply and t h e  



r e t u r n  water ,  water pressure ,  volume of water ,  b i t  pressure ,  
b i t  penet ra t ion ,  and a c t u a l  d r i l l i n g  time wherever possible .  
A t y p i c a l  s e t  of observations f o r  hole NKB 1 4  a r e  summarized 
i n  Table I. The holes  were cored f o r  t h e i r  f u l l  depth (Table 
11) and the  core was re ta ined  f o r  f u t u r e  examination. Se l ec t  
pieces of t h e  rock core were s e n t  t o  D r .  A .  D. blisener of the  
Universi ty  of Western Ontario f o r  determination of conduct iv i ty  
values (Table 111). 

A t  hole NWB 1 4 ,  NX casing was d r i l l e d  t o  a depth of 
1 4  f e e t  using a  6- tooth carboloy i n s e r t  cas ing  shoe. AX 
casing rras s e t  t o  a  depth of 65 f e e t  using a  diamond s e t  
cas ing  shoe. Much v ib ra t ion  during d r i l l i n g  loosened both 
s e t s  of casing i n  the  hole.  Upon completion of t he  ho l e ,  
a l l  AX casing was recovered with l i t t l e  d i f f i c u l t y  but  10  
f e e t  of t h e  NX casing plus the carboloy s e t  shoe were l e f - t  i n .  
t h e  hole.  The wash water eroded t he  extremely f r i a b l e  sha le  
such t h a t  the  lower 10 f e e t  of NX cas ing  which had become 
uncoupled dropped i n t o  the  enlarged hole and could no t  be 
recovered. 

A t  hole IT'IIB 16,  TJX casing was d r i l l e d  t o  a  depth 
of 38 f e e t  using a  6- tooth carboloy i n s e r t  casing shoe. AX 
cas ing  was d r i l l e d  t o  a  depth of 81  f e e t  using a  diamond s e t  
casing shoe. Vibration again jarred both s e t s  of cas ing  loose 
so t h a t  they  turned f r e e l y  i n  the  hole.  A l l  NX casing and the  
casing shoe were removed from the  hole--but with g r ea t  d i f f i -  
c u l t y .  Freezing condit ions and s i l - t i n g  around t he  outside of 
t h e  cas ing  held it secure ly  so t h a t  repeated blows of a  350-lb 
dr ive  hammer were required t o  j a r  it loose.  The AX cas ing  had 
become uncoupled so t h a t  only 44 f e e t  were recovered. The 
AX diamond cas ing  shoe and 36 f e e t  of casing were thus  l e f t  
i n  the  hole a t  an und.etermined depth. 

The f r i a b l e  na ture  of both the  sandstones and 
sha les  encountered i n  both ho les ,  toge the r  wi th  the abras ive  
na ture  of t h e  sandstones which ground. off the  core r e t a i n e r  
sp r ings ,  made core recovery d i f f i c u l t  on many runs.  On s eve ra l  
occasions,  t h e  spr ing  s t e e l  core r e t a i n e r  t e e t h  had t o  be 
replaced a f t e r  each 5-foot run. To make sure  the  core was 
recovered, "dry blocking" was resor ted  t o  severa l  t imes ,  
p a r t i c u l a r l y  i n  t h e  sandstones i n  hole NIT5 16. Attempts were 
made t o  recover l o s t  core by f i s h i n g  wi th  t h e  core b a r r e l  
with varying degrees of success.  The back end of an AXL 
double-tube b a r r e l  broke a t  t he  186-foot depth i n  hole N1VB 16 
but  on t h e  f irst  f i s h i n g  at tempt,  t he  ou te r  tube and b i t ,  
which remained i n  t h e  ho le ,  were recovered. 

F a i r l y  good core recovery was obtained i n  both of 
the  deeper holes  ( t h e  two shallow ho les ,  FTJU 1 5  and WE3 17,  
vere no t  cored) .  A t  hole NTE3 1 4 ,  only 13  pe r  cent  of the  s o i l  
cored was recovered ( 0  f e e t  t o  12 f e e t  5  inches )  but  84 pe r  
cen t  recovery was obtained i n  t he  rock. About 66 pe r  cen t  





TABLE: I1 

RECORD OF DRILL CORE; ATTI) COFUC BOXES - 1958 

- - - 
Borehole  TTT.1!3 1 4  - 

Core Rox Core S i z e  Jle p t h  , 
No. f t  

1 EX L 10 - 30 

2 IJXL 30 - 45 

3 -4XL 45 - 7 0  

4 ~ I X L  70 - 95 

5 AXI, 95 - 1 2 0  

G AXT, 120 - 1-45 
7 IIXL 145 - 170 

8 d ;<L 170 - 195 
9 i ? X I I  135 - 208 

Borehole  'PFj!D 16 

Core Box Core S i z e  Depth, 
No. f t  

1 WXL 0 - 20 

2 NX TJ 20 - 35 

3 AXL 35 - 50 

4 lZXL 50  - 85 

5 AX11 05 - 110  

G AX 1; 110 - 140 
7 JZXL 140 - 165 
8 AXL 165 - 190 

9 ?.XI, 2-90 - 283 



TABLE I11 

ROCK CORE S.4MPLES FROB1 I T O ~ A N  WELLS, I?.'@. T. 
SELECTED FOR CONDUCTIVITY 

TESTS 

I 

Borehole  
- Depth D e s c r i p t i o n  

lT'K!3 1 4  79'  7" t o  80 '  0" l i g h t  g r e y  s h a l e  

111' 8" t o  112'  3" l i g h t  grey s h a l e  w i t h  
t h i n  s a nds tone  l a y e r s  

F/SB 1 6  50'  8" t o  50' 10" l i g h t  g r e y  s h a l e  

66'  1 " t o  66'  7" l i g h t  g re e n  s a nds tone  

91' 7" t o  92' 2" l i g h t  g r e e n  sands tone  

141'  1'' t o  141'  7" l i g h t  g r e y  sands tone  

162'  8" t o  163'  2" l ight  g r e e n  s a nds tone  

170 '  4" t o  170 '  8" l i g h t  g r e e n  s a nds tone  

202' 2" t o  202' 5" l i g h t  g r e y  s h a l e  w i t h  
s a nds tone  l a y e r s  



f rozen  s o i l  core  was recovered i n  hole  N\'/B 16 ( 0  f e e t  t o  - 
35 f e e t  6 i nches )  and 82 per  cent  rock core was recovered.  
Ilost cores  were f u l l  s i z e  (NXL o r  AXL)  , al though i n  some 
cases ,  smal le r  diameter cores  rc .wl ted  from washing a c t i o n  
i n  t h e  sandstone. The low rscovery  r a t e  i n  t h e  s o i l  can be 
a t t r i b u t e d  t o  the  many s tones  encountered which jammed i n  
t h e  b i t  and thus  prevented t h c  core  from moving up i n t o  t h e  
b a r r e l  and a l s o  prevented r a p i d  pene t ra t ion  of t h e  b i t  due 
t o  a  g r e a t  d c a l  of v i b r a t i o n .  Poor s o i l  recovery was a l s o  
caused by t h e  use of r e l a t i v e l y  l a r g e  volumes of water  t o  
prevrmt mudding of t h e  b i t  and s i l t i n g  of t h e  b a r r e l .  

The carboloy i n s e r t  b i t s  performed s a t i s f a c t o r i l y ,  
The s tones  encountered i n  t h e  s o i l  caused consid.erable 
damage t o  t h e  t e e t h  bu t  ver:/ l i t - t l e  wear occurred when 
d r i l l i n g  the  s h a l e s  and sandstones.  Good pene t ra t ion  r a t e s  
i n  the  rock were achieved wit11  t hese  b i t s .  

Penetration r a t e s  were measured by observing t h e  
time taken  f o r  t h e  hydraul ic  head p i s t o n  t o  move through a 
d i s t ance  of 3, 6 o r  10 inches.  Most observa t ions  were made 
on a 3-inch movement of t h e  p i s ton .  The maximum and minimum 
r a t e s  of penetration i n  t h e  sha le  a t  ho le  NIWD 1 4  ( 3 4  observa- 
t i o n s )  Nere g o O O  and 0.75 inches ,  r e s p e c t i v e l y ,  and t h e  
averace penetration r a t e  was c a l c u l a t e d  t o  be 1.47 inches/  
minute. For e i g h t  observa t ions  made dur ing  t h e  d r i l l i n g  of 
hole  RPIR 16 i n  sands tcne ,  the  maximum and rnininlum r a t e s  were 
6.00 and 3.00 inches/minute wi th  an average pene t ra t ion  r a t e  
of 4.19 j.nches/minute. These va lues  vary  cons iderably  and 
because most were obtained by t iming r e l a t i v e l y  s h o r t  p i s t o n  
movcmenl-s ( 3  i n c h c s ) ,  t he  r e s u l t s  a r c  n o t  i n d i c a t i v e  of a c t u a l  
penet ra t ion  r a t e s  t h a t  might be expec1;ed i n  these  rock types .  

The d r i l l e r ,  of course ,  c o n t r o l s  t h e  r a t e  of pene- 
t r a t i o n  by r e g u l a t i n g  the  hydrnul ic  feed  c o n t r o l  valve.  
Depending on the  vrater pressure and t h e  volume of wash wa te r  
used, t h e  r a t e  of pene t ra t ion  i s  increased o r  decreased dur ing  
d r i l l i n g .  Generally,  t h e  !vater pressure  was maintained between 
60 and 80 p s i .  Rather crude measurerrents ind ica ted  t h a t ,  on 
the  average,  about 5 gpm (imp) of wash water  were c i r c u l a t e d  
through the  d r i l l  s t r i n g .  Therefore t h e  va lues  obtained f o r  
-the r a t e  of pene t ra t ion  a r e  app l i cab le  only f o r  these  condi t ions  
o f  water  pressure and water  volume. , The a c t u a l  time t o  d r i l l  
a 5 f o o t  core i n  hole  Ti'YB 14 was about 48 minutes o r  a  r a t e  
of 6 , 3  feet /hour .  I n  hole  nS .1~3  16 ,  t h e  time required was about  
21 minutes o r  a  r a t e  of about 14.3 feet /hour .  The d i f f e r e n c e  
i n  t imes can be  a t t r i b u t e d  perhaps t o  d i f f e r e n t  rock types  and 
the  fat% t h a t  t h e  d r i l l e r s  were more f a m i l i a r  ( a t  t he  second 
h o l e )  with t h e  machine and t h e  over  s l l  opera t ion .  

The temperature of the  supply water  i n  t h e  t ank  and 
t h e  wash water  r e t u r n i n g  through t h e  cas ing  was measured by 
means of a d i a l  thermornet-er. For hole  TS/SB 1 4 ,  t h e  temperature 



of the  supply water averaged ab0u.t 69 t o  70°F while the  
temperature of t h e  r e t u r n  water was from 3 t o  5' lower. 
The temperature of the supply water a t  hole  fl!B 16 was about 
60 t o  62'F and the  r e t u rn  water was 6  t o  10' lower. It i s  
assumed t h a t  the  supply water would be cooled. somewhat when 
passing down through the  d r i l l  s t r i n g  which i s  surrounded by 
a mass of f rozen s o i l  and rock, although between t h i s  water  
and the  wall  of the  hole a r e  the  d r i l l  rod ,  t he  wash prater 
r e tu rn ing  t o  the  surface and the  s t e e l  casing. On passing 
the  r o t a t i n g  b i t ,  hea t  would be added. t o  t he  water  but  then  
while r e tu rn ing  up the  hole t o  the  ground su r face ,  cool ing 
would again occur due t o  the  surround-ing f rozen s o i l  land 
rock. It i s  impossible t o  at tempt an evaluat ion of the  
cooling and hea t ing  e f f e c t s  introduced by t he  f rozen ground. 
mass and the r o t a t i n g  b i t .  It i s  bel ieved,  however, t h a t  
the  g r e a t e s t  r a t e  of hea t  ex t rac t ion  would occur when the  
mash water i s  re tu rn ing  t o  the  surface  from the b i t .  

No measurements of b i t  r o t a t i o n a l  speed were made 
bu-t the  machine was genera l ly  run i n  high gear  a t  from 
three-quar ters  t o  f u l l  t h r o t t l e  and thus  an average speed of 
approximately 1,500 rpm v~ould be obtained. The o i l  pressure 
i n  the  hydraul ic  feed system varied between 250 and 300 p s i .  
The t o t a l  load on the  b i t  is  affec ted  by severa l  f a c t o r s  
including the s i z e  of the  b i t ,  t he  r o t a t i o n a l  speed, the  
nunber and s i z e  of c u t t i n g  edges on the  b i t ,  t he  pressure 
and volume o f  wash water,  weight of d r i l l  rods and core 
b a r r e l  ( 7 ) .  The b i t s  used had s i x  carboloy i n s e r t  t e e t h ,  
which ca r ry  the  b i t  load. Assuming t h a t  a  5-foot AXL 
double-tube core b a r r e l  i s  being used a t  the  150-foot depth 
and the  hydraul ic  pressure i s  275 p s i ,  the  t o t a l  load on 
t he  s i x  t e e t h  would be i n  t he  neighbourhood of 600 l b  o r  
100 lb / tooth ,  (est imated c ross - sec t iona l  a rea  of each t oo th  
= 0.03 sq in .  ; weight of 5-foot AXL core b a r r e l  i s  26 l b  
and weight of f i f t e e n  10-foot A rods i s  525 I b )  . This value 
i s  only an approximate i nd i c a t i on  of probable b i t  load and 
could be i n  considerable c r ro r .  s ince  no c a l i b r a t i o n  of 
hydraul ic  pressure with th rus t -was  attempted and the  e f f e c t s  
of t he  severa l  f a c t o r s  noted above a r e  d i f f i c u l t  t o  evaluate .  

No d i f f i c u l t i e s  t h a t  could be a t t r i b u t e d  t o  the  
e f f c c t  of permafrost were encountere3 during the  d r i l l i n g  
of hole PT'i:lB 1 4 .  The core b a r r e l  and s t r i n g  of rods were 
l e f t  dorm the  hole a t  the  100-foot depth over one weekend 
(33 hours)  and when d r i l l i n g  was resumed, the  s t r i n g  turned 
f r ee ly .  I n  hole W.'B 16, however, on the  f i r s t  day of d r i l l i n g  
t he  hiTX casing f roze  i n  between the  ground surface  and the  
25-foot depth during the  noon hour. Large volumes of water 
were c i rcu la ted  t o  thaw and loosen the  cas ina  so t h a t  more 
cas ing  could. be added and d r i l l ed .  i n .  A t  th; beginning of 
the  second day of d r i l l i n g ,  s l u sh  i c e  which h.ad formed i n  



t h e  h o l e  o v e r n i g h t  t o  t h e  30-foot  d e p t h  had t o  be th.anrcd. and 
removed b y  c i r c u l a t i n g  water  througl i  t h e  AX c a s i n g .  A t  t h e  
end of t h ~  second day ' s  o p e r a t i o n . ,  t h e  c o r e  b a r r e l  and s t r i n g  
of r o d s  were l e f t  down t h e  h o l e  a t  t h e  8 0 - f o o t  d e p t h .  The 
fo1los;ling morning,  t h e  s t r i n g  was f r o z e n  i n  s o l i d l y  and. had. 
t o  he  Treed b y  d r t l l i n g  AX c a s i n g  t o  t h e  bot tom o f  t h e  c o r e  
b a r r e l .  The morning of t h e  f o w s t h  day ,  f r o z e n  m a t e r i a l  was 
e n c o u n t e r e d  a t  t h e  8 0 - f o o t  d e p t h  b u t  t h e  c o r e  b a r r e l  and 
st].-ing of  r o d s  were e a s i l y  lowered  .to t h e  bottorn (100  f e e t )  
b y  c i r c u l a t i n g  w a t e r  t h r o u g h  t h e  s t r i n g .  U,pon comple t ion  o f  
d r i l l i n g  on each  of  t h e  S o u r t h  and f i f t h  d a y s ,  a m i x t u r e  o f  
a b o u t  7 l b  of CaCl? and 2 l b  of sodium chromate were added 
t o  20 gal-103s of w a t e r  and t h i s  was t h e n  pumped do~mi t h e  h o l e  
t o  p r e v e n t  f r e e z i n g .  The sodium chromate a c t s  a s  a n  i n h i b i t o r  
t o  seduce  t h e  c o r r o s i v e  e f f e c t  of t h e  CaCl on m e t a l  p a r t s  and 

2 
on t h e  d r i l l  o p e r a t o r ' s  s k i n .  The m i x t u r e  used  was s u f f i c i e n t  
t o  lovier t h e  f r e e z i n g  p o i n t  t o  abou-t 50°P. I n  g e n e r a l ,  hovever ,  
t h e  e x i s t e n c e  of p e r n a f r o s t  did n o t  c r e a t e  a n y  s e r i o u s  problems 
i n  t h e  d r i l l i n g  o f  t h e s e  h o l e s .  

T~~llermocouple c a b l e s  were f a b r i c a t e d  a t  t h s  ITorthern 
Research S t a t i o n  u s i n g  16-gauge and 20-gauge c o p p e r - c o n s t a n t a n  
t h e r ~ n o c o u p l e  w i r e .  The d e p t h s  a t  vihich ground t e m p e r a t u r e s  
a r e  measurcd and t h e  s i z e  of  w i r e  used  a r e  summarized i n  
T a b l e  I V  P o r  e a c h  of h o l e s  N\!m 1 4 ,  1 5 ,  1 6  and 17 .  H o l e s  NYLB 15 
and 17 werc d r i l l e d  t o  a  d e p t h  of 1 0  f e e t ,  a p p r o x i m a t e l y  1 5  f e e t  
away f rom h o l e s  WSB 1 4  and 16 .  The s h o r t  thermocouple  c a b l e s  
i n s t a l l e d  i n  t h e s e  h o l e s  a l l o w  t h e  ground t e m p e r a t u r e s  n e a r  
t h e  ground s u r f a c e  t o  be measurcd. The t e m p e r a t u r e s  a s  
measured b y  t h e  thermocouple  c a b l e s  t o  d e p t h s  of 200 f e e t  i n  
h o l e s  T3VIR 1 4  and 1 6  w i l l  p e m i - t  a n  e s t i m a t e  t o  be made of t h e  
d e p t h  of  p e r m a f r o s t  and. t h e  t e m p e r a t u r e  g r a d i e n t  e x i s t i n g  a t  
Norrnan Wel l s .  

Tile thermocouplc! c a b l e s  were e n c l o s e d  i n  n o n - t o x i c  
b l a c k  3/4-inch d i a m e t e r  p o l y e t h y l e n e  p i p e  (Canadfan  Government 
S p e c i f i c a t i o n s  3 o a r d  s p e c i f i c a t i o n  41-GP-5A) t o  r e d u c e  t h e  
p o s s i b i l i t y  of t h e  e f f e c t  of  m o i s t u r e  on t h e  thermocouples .  
The bot tom o f  t h e  t u b i n g  was s t o p p e r e d  u s i n g  a  l - u c i t e  p l u g  
and t h e  t u b i n g  was t h e n  f i l l e d  w i t h  lJo.10 SAE au tomobi le  
eng ine  o i l  t o  r educe  t h e  e f f e c t  o f  c o n v e c t i o n  c u r r e n t s  on t h e  
ther r i~ocouple  p o i n t s .  

Tkte l e a d  w i r e s  (10  f e e t  l o n g )  f rom e a c h  of  t h e  l o n g  
a ~ d  s h o r t  thermocouple  c a b l e s  a t  e a c h  l o c a t i o n  have  been b r o u g h t  
t o  a c o m o n  s w i t c h  box t o  f a c i l i t a t 5  o b s e r v a t i o n s .  Tempera ture  
o b s s r v a t i o n s  were begun i n  t h e  e a r l y  sunTer  of  1959 u s i n g  a 
mod.ified p o r t a b l e  p r e c i s i o n  p o t e n t i o m e t e r .  These were d i s -  
c o n t i n u e d  d u r i n ~  t h e  w i n t e r  of 1959-60 b u t  resumed a @ i n  i n  



t h e  summer of 1960;  monthly r e a d i n g s  w i l l  be c o n t i n u e d  t h r o u g h -  
o u t  t h e  w i n t e r  of  1960-51. 

TABLE I V  

DET-41 LS OF GROUND TBu1PERATUm INSTALLATIONS 

1. A t  e a c h  of  two w i d e l y  s e p a r a t e d  l o c a t i o n s  i n  t h e  
immediate  v i c i n i t y  of Norman W e l l s ,  two b o r e h o l e s  were d r i l l e d  
and thermocouple  c a b l e s  i n s t a l l e d  t o  measure t h e  ground 
t e m p e r a t u r e  a t  v a r i o u s  d e p t h s .  A t  l o c a t i o n  1 n e a r  Seepage 
Lake,  thermocouple  c a b l e s  were i n s t a l l e d  t o  d e p t h s  o f  200 f e e t  
and  1 0  f e e t  ( b o r e h o l e s  NVII3 1 4  and NFIR 1 5 ,  r e s p e c t i v e l y ) .  A t  
l o c a t i o n  2  e a s t  of  t h e  s e t t l e m e n t ,  theraocouple :  c a b l e s  were 
i n s t a l l e d  t o  d e ~ t h s  of  202 f e e t  and  1 0  f e e t  ( b o r e h o l e s  N1:Y?3 1 6  
and IT,Tl 17 ,  r e s p e c t i v e l y ) .  
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2. The dep th  of perrnafrost  was n o t  determined d u r i n g  
t h e  d r i l l i n g  ope ra t i on .  

3. No d i f f i c u l t i e s  were encountered due t o  permafros t  
du r ing  t h e  d r i l l i n g  of h o l e  NYLB 14.  Some minor t r o u b l e  
occurred w i t h  f r e e z i n g - i n  of  c a s i n g  an? d r i l l  s t r i n s  d u r i n g  
t h e  d r i l l i n g  of ho l e  W i B  16.  

4. The two deeper  h o l e s  were cored f o r  t h e i r  f u l l  
dep th  and t h e  rock  c o r e s  were s t o r e d  f o r  f u t u r e  examination.  

5  A l l  thermocouple c i r c u i t s  were checked and found 
t o  be f u n c t i o n i n g  s a t i s f a c t o r i l y ,  f o l l owing  i n s t a l l a t i o n  of 
t h e  c a b l e s  i n  t h e  boreholes .  

6. The proposed program was s u c c e s s f u l l y  completed 
w i t h  l i t t l e  d i f f i c u l t y .  

The co-operz t ion  of Canadian Longyear Ltd . ,  North 
Bay, Onta r io  i n  p rov id ing  t h e  d r i l l  crew and f o r  supp ly ing  
p i e c e s  of equipment on shor-t  n o t i c e  i s  g r a - t e f u l l y  acknowledced. 
The i n t e r e s t  and t h e  a s s i s t a n c e  axd co-opera t ion  g iven  by 
IvIartin S t r a n d ,  d r i l l  n l n n e r ,  and George P e r r i e r ,  d r i l l  h e l p e r ,  
enabled t h e  work t o  be s u c c e s s f u l l y  completed,  a t  t imes  under  
adverse  c i rcumstances ,  and t h e i r  h e l p  was much a p p r e c i a t e d .  
J. P l u n k e t t  and D. Kel ly  of t h e  DBR Northern Research S t a t i o n  
s t a f f  a t  Nonnan Wells ,  a s s i s t e d  i n  l ogg ing  t h e  C O Y ~ S  and 
c a r r i e d  ou t  t h e  t e s t i n g  of t h e  s o i l  samples. 

1. KacCarthy, G, R. Geothermal i n v e s t i g a t i o n s  on t h e  Act ive  
Slope of Alaska. Trans. American Geophysical  Union, 
Vol. 33, ?lo. 4 ,  August,  1952. 

2. Thomson, Andrew and P. C.  Bremner. Permafros t  d r i l l i n g  
and s o i l  temperature  measurements a t  Reso lu t e ,  
Cornv:~al l i s  I s l a n d ,  Canada. IJaturc,  Vol. 170 ,  p.705, 
October 25, 1352. 

3. Bremner, P. C.  Diamond d r i l l i n g  i n  per r~ la f ros t  a t  Resolute  
Bay, ?Iortli-uent T e r r i t o r i e s .  Pub l i ca t i on  cf t h e  
Dominion Observatory ,  Ottawa, Vol. X V I ,  KO. 1 2 ,  1955. 

4 ,  Misener,  A. D. Heat f l ow  and dep th  o:f per1;lafrost a t  
Resolute  Bay, Cornwal l i s  Islanc!, IT.':!. T. , Canada. 
Trans.  American Geophysical  TJnion, Vol. 36, No. 6 ,  
December, 1355. 



5. Stewart ,  J. S. Petroleum p o s s i b i l i t i e s  i n  Mackenzie 
River Valley, N.W.T. Trans. Canadian I n s t i t u t e  
of Mining and Metallurgy, Vol. X L V I I ,  p. 152-171, 
1944. 

6. Hume , G. S. The Lower IiIackenzie River Area, Northwest 
T e r r i t o r i e s  and Yukon. Geological Survey of 
Canada, Memoir 273, Ottawa, 1954. 

7. Cumrning, J. D. Diamond d r i l l  handbook, J. K. Smit and 
Sons of Canada, Ltd. ,  Toronto, 2nd e d i t i o n ,  1956. 



-4- I 

a LAKES 

ELL - SEEPAGE LAKE *IA 

IMPERIAL OIL 

LTD. REFINERY 

D.O.T. RAWINDSONDE 

OIL LOADING 

DOCK 

STATION ( N.R.C.) 

MACKENZlE RIVER 

TRACE0 FROM RCAF rUR PHOTO 

A 7 2 0 0 -  14 

SCALE - I" = 1700 FT ( APPROX.) 

FIGURE I 

LOCATION OF BOREH.OLES NWB 14, 15, 16, 8 17 - 1958 NORMAN 

WELLS, N.W.T. 



,GROUND SURFACE E L . = 3 4 2  
ORGANIC COVER ( MOSS 

SlLT CLAY, STONY. WlTH 

SOME FlNE SAND 

CLAY, BLUE, DENSE 

SHALE, LIGHT GREY. P L A T Y  

( FORT CREEK FORMATION 

UPPER DEVONIAN ) 

GROUND SURFACE E L .  = 3 2 6 . 0  A S L 
ORGANIC COVER ( MOSS ) 

- SILT, DARK GREY TO BROWN. ORGANIC 

SlLT CLAY, LIGHT GREY, STONY, WlTH 

SOME FlNE SAND 

- SILT, SANDY, VERY DENSE, WlTH MANY 
SMALL STONES 

- 6 INCH LAYER OF STONES 

- CLAY, BLUE, DENSE 

SHALE, GREY. SOFT, P L A T Y  

( IMPERIAL FORMATION 

UPPER DEVONIAN ) 

SANDSTONE, GREY, HARDER 

170 

SANDSTONE, 

BOTTOM OF 

SHALY, GREY 

HOLE 

FIGURE 2 

BOREHOLE LOGS NORMAN WELLS, N.W.T. 



FIGURE 3 D r i l l  s e t  u p  a t  borehole  NWB 14. Photo taken  
looking  e a s t .  Note vege ta t ion  cover  of small  
sp ruce ,  low brush and moss o r  organic  m a t e r i a l .  
D r i l l  r i g  i s  mounted on pipe s l e d .  

FIGURE 4 D r i l l i n g  a t  borehole  NiIYB 1 4 .  Photo taken  
looking  nor th .  General l ayou t  of d r i l l i n g  
equipment - d r i l l ,  water  pump and water  
supply tank .  



FIGURE 5 D r i l l i n g  a t  borehole  N1"m 14. Note p res su re  
gauges on hydrau l i c  head and on wa te r  pump. 
D r i l l  runne r  i s  c o n t r o l l i n g  r a t e  of f e e d  by 
a d j u s t i n g  hydrau l i c  head o i l  valve.  

FIGURE 6 D r i l l i n g  a t  borehole  NWB 16. Photo taken  
looking  nor th .  Norman Range of mountains i n  
background. Note v e g e t a t i o n  cover  of b i r c h ,  
some smal l  spruce and t h i c k  brush.  Heavy mat 
of organic  m a t e r i a l  covers  ground su r face .  


