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The nature of permafrost  and the problems it c r e a t e s  for  oil 
and gas exploration and exploitation operations have already been 
discussed widely a t  this Conference. Indeed, it is difficult to determine 
what r ema ins  to be discussed af te r  reading the abs t rac ts  of papers  being 
presented he re  on the nature of permafros t  and natural  p rocesses  
associated with i t ,  the distribution of permafros t  in a r e a s  where the oil 
and mining industr ies  a r e  operating, problems with dril l ing and casing, 
pipelines, blasting and excavation. To complete the coverage of the 
subject, the paper by Reed descr ibes  the problems associated with 
permafros t  in an oil  exploratory venture that has  already taken place. 
These re ferences  to apparent duplicate coverage of the subject a r e  not 
intended a s  a complaint but an explanation for  the attempt of this  paper 
to fill some gaps ra ther  than present  an overal l  picture.  

Charac ter i s t ics  and Influence of Pe rmaf ros t  

Pe rmaf ros t  was f i r s t  defined in  1945 a s  "perennially frozen 
ground" by S.W. Muller of the United States Geological Survey(Mul1er 
1945). P r i o r  to  that it was recognized and descr ibed in  general  t e r m s  by 
a number of ear ly  explorers ,  such a s  Alexander Mackenzie. 

In summer  the ground thaws from the surface to a depth of 
severa l  inches o r  feet whereas the bottom of the permafrost  may be at 
depths varying f rom a few feet to about 2,003 feet.  The surface layer  
that i s  subject to repeated freezing and thawing, commonly r e fe r red  to 
a s  the "active layer" ,  causes  many of the permafrost  problems. I t  i s  the 
active layer  that thaws and slowly expels its water during the summer  
months,  causing a m o r a s s ,  o r  a rough surface consisting mainly of rock 
f ragments .  Pe rmaf ros t  has  many ground surface expressions,  many of 
them most  readily recognizable on a i r  photographs. Some of the more  
spectacular types have been described by J. R .  Mackay (1964): 

"In a r e a s  underlain by permafros t ,  the surface of the ground i s  
frequently broken up into eye-catching geometric pat terns  of 
c i r c l e s ,  ovals,  polygons, and s t r ipes  to form what i s  known a s  
patterned ground. A very  distinctive type of patterned ground 
i s  the tundra polygon which is widespread in  the Arct ic  and may 
be easi ly  seen either on the ground o r  f rom an airplane. The 
tundra polygons resemble  enormous mud c racks ,  such a s  those 
of a dried-up muddy pool, but with d i amete r s  of f rom f if ty  to 
one hundred feet. The tundra polygons may  be nearly a s  



regular ly  shaped a s  the squares  on a checkerboard, but most  a r e  
i r r e g u l a r ,  somewhat like the markings on tur t le  she l l s .  The 
boundary between two adjacent polygons is a ditch. Beneath the 
ditch t h e r e  is an i c e  wedge of whitish bubbly ice which t ape r s  
downward, like the blade of an axe driven into the ground. Some 
i c e  wedges a r e  m o r e  than ten feet wide a t  the top and a r e  tens  
of feet  deep. I '  

T h e r e  a r e  a l so  many other typical land fo rms ,  most  of them 
re la ted  to the sur face  and near-surface geology. Much of the permafrost  
l aye r  is re la ted  to  the f rozen  groundwater in rock o r  soil  in te rs t ices ,  o r  
occurr ing  a s  beds between layers  of shale,  s i l t ,  etc.  Some of these ice 
l a y e r s  a r e  apparent ly s o  well developed and continuous o r  s o  dominant 
i n  relat ion to the interbedded shales and s i l t s  that they reac t  under 
p r e s s u r e  like the plast ic  l a y e r s  of sa l t  and gypsum and other  evaporites 
i n  salt dome a r e a s  and, therefore,  flow lateral ly  under differential 
p r e s s u r e  to  points of r e l e a s e  of p r e s s u i e  where pingos develop a t  the 
sur face .  (This  explanation of the formation of pingos does not preclude 
considerat ion of other  explanations that have been given.) I t  i s  well known 
that  pingos a r e  par t icu lar ly  numerous within and near  the Mackenzie 
River  delta,  where m o r e  than 1,500 of them have been reported. 

The m o s t  useful presentation to date of the general  distribution 
of pe rmaf ros t  is the pe rmaf ros t  map  of Canada (Brown, 1967). As the 
.author explains,  th i s  map  is very  generalized and subject to modification 
a s  new data  becomes available. One feature of such a map that it is 
hoped m a y  soon be clar i f ied is the extent to which permafrost  underlies 
permanent  bodies of water .  Most authors avoid the subject and o thers  
indicate that the sur face  of the permafrost  is a t  least  lower beneath 
permanent  water  bodies. I t  is reasonably cer ta in  that most ,  if not all ,  
permanent  water  bodies (i.e. those that have pers i s ted  fo r  a long t ime 
geologically and do not f r e e z e  to the bottom) have no permafros t  beneath 
them. Th i s  probably applies even to many sma l l  fa ir ly  shallow lakes,  
such a s  those that provide the water supply for  Resolute on Cornwallis 
Island. They a r e  land-locked and shallow but do not f r eeze  to  the bottom. 
F i s h  l ive i n  them through the winter. 

The regional distribution of permafros t  i s  determined by 
c l imate  but the local var iat ions and charac ter i s t ics ,  par t icular ly of the 
active l aye r ,  a r e  controlled mainly by surface geology, which in turn  
cont ro ls  the local  t e r r a i n ,  soi l  conditions, vegetation, re l ief ,  etc.  

With r ega rd  to  the thickness of permafrost  in  the Arct ic  
I s lands ,  m o s t  of the present  knowledge is taken from records  of the 
Dome e t  al .  well, a t  Winter Harbour,  dr i l led by Pe te r  Bawden in  1961-62, 
and recorded  by G. Jacobsen of the Tower Construction Company 
(personal  communication): 



Date 

July 24, 1962 1,456, 688 feet 
July 27, 1963 1, 676,504 feet 
July 23, 1964 1, 692, 938 feet  
Probable present  maximum 1,706,032+ feet - 

In reporting these f igures ,  Jacobsen expressed  the opinion that 
the permafros t  is probably thicker  toward the cent re  of Melville Island, 
and the other  is lands,  and that the effect of the s e a  could explain why 
permafros t  i n  the Lobitos well, located close to the shorel ine on 
Cornwallis Island, i s  only about 970 feet  thick. 

With reference to the excessive thickness of pe rmaf ros t  on the 
Arc t ic  Is lands,  it s eems  unlikely that below 32OF tempera tures  could 
penetrate vertically to the depths recorded unless  the is lands were  well 
above s e a  level during the Pleistocene. The presence of water passages 
m o r e  than 2,700 feet deep between the present  is lands a l so  supports the 
idea that during the Pleistocene they were  high flat-topped plateaux, 
flanked by valley filled glaciers .  The relative scarc i ty  of glacial  debr is  
on the surface of most  of the is lands is another pertinent factor .  They 
appear  to have been subsequently depressed,  possibly a s  a resu l t  of their  
weight with the intervening ice  m a s s e s ,  whereas the relatively recent  
uplift reported by various o b s e r v e r s  is probably confined to  the las t  
10,000 yea r s .  

Geological Field Exploration 

Walking can be ve ry  pleasant o r  rendered difficult, depending 
upon the nature of the ground surface.  In summer  t ime peat a r e a s  can 
become impossible and thawed bentonitic mar ine  shales  may be very  
difficult to t r a v e r s e  on foot, great ly  reducing the efficiency of field 
par t ies .  

The sealing by permafros t  of tension f r ac tu res  and faults and 
porous s t r a t a  in a sedimentary rock sequence is one effect that is 
generally regarded a s  unfavourable because it prevents the normal  
manifestation of evidence of o i l  o r  gas ,  which is commonly used a s  a 
guide in  selecting a r e a s  for  c lose exploration attention. On the other 
hand, this  s ame  sealing effect m a y  have trapped, hydrocarbons i n  r e se r -  
voi rs  that would otherwise have escaped over  the many thousands of years  
that have elapsed since the beginning of the Pleistocene. Oil rese , rvoi rs  
in  Alaska immediately below the permafros t  have already been proven 
productive. 

Transpor t  in  the field by motor  vehicle can a lso  become very  
difficult  i n  muskeg o r  on muddy o r  other  wet t e r r a i n  a s  a r e su l t  of 



s u m m e r  thawing of the ground but motor  vehicle problems a r e  not regarded  
a s  se r ious ,  given the financial incentive to overcome the individual 
problems as they appear .  

A i r  t ranspor t  is affected by permafros t  to varying degrees  in  
winter and s u m m e r .  The permafros t  muskeg a r e a s  on the mainland 
p resen t  a i r s t r i p  landing problems in  the summer .  During the winter,  on 
the o ther  hand, f rozen  muskeg and frozen water  a r e a s  often provide 
excellent landing s t r i p s ,  even for la rge  a i rc raf t .  On the Arctic Islands 
a i r s t r i p  problems a r e  l e s s  severe  due to lack of vegetation cover and 
m o r e  d i r ec t  dependence upon knowledge of surface geology. The Is lands 
have numerous and widespread a r e a s  where a i r s t r ip s  can be built with a 
minimum of effort .  The key to ready recognition of such a r e a s  is photo- 
geology and photogrammetry,  combined with ground studies of the surface 
geology. I t  is, however, not difficult to make mistakes using only photo- 
geology o r  o ther  s tudies  f rom the a i r .  Broad f la t  a r e a s  on shale,  clay o r  
silt outcrop o r  i n  cer ta in  a r e a s  of s t r e a m  del tas  often turn  out to be 
"booby t r aps"  fo r  the ignorant. 

F ie ld  par ty  camps  a r e  frequently difficult to locate in perma- 
f r o s t  a r e a s  during the s u m m e r ,  par t icular ly i n  the Arctic Is lands,  because 
of the sca rc i ty  of water .  Judicious selection of campsi tes  nea r  even 
s m a l l  drainage channels fed by continuous seepage can alleviate this 
problem i n  many a r e a s .  

Geophysical Exploration 

The  f a c t o r s  d iscussed  under ,geological exploration a lso  apply 
i n  geophysical exploration, in  addition to which the geophysicist has  
ce r t a in  problems i n  evaluating the permafros t  layer  a s  a part  of the 
ove ra l l  geological section. F o r  example, the presence of permafros t  in 
porous rock i n c r e a s e s  se i smic  velocities compared with the s a m e  porous 
rock  devoid of in te rs t i t ia l  filling. This  can cause near-surface difficulties 
i n  discharging se i smic  shocks and recording the reflections. Ordinary 
f r e s h  water  f r e e z e s  in  shot-holes dr i l led in  permafrost ,  besides which, in  
many a r e a s ,  a s  on the Arc t ic  Is lands,  sat isfactory supplies of water f o r  
dr i l l ing a r e  difficult to find. Nevertheless ,  s e i smic  and dril l ing problems 
due to pe rmaf ros t  a r e ,  like t ransportat ion problems,  being rapidly 
overcome.  

Exploration and Exploitation Drilling 

Th i s  activity is a lso  related to the problems of surface t rans-  
por t  over  the var ious types of rock and soi l  affected by permafrost .  The 
impor tance  of effective land vehicles and l a rge  a i r s t r ip s  on t e r r a in  
underlain by pe rmaf ros t  is great ly  increased  because of the excessive 



cos ts  involved i n  dril l ing operations.  Problems of the effect of perma- 
f r o s t  on water  supply a l so  increase  i n  importance in the dril l ing of deep 
holes. The cementation of casing is s t i l l  another problem. E a r l y  in the 
h is tory  of deep dril l ing i n  permafros t  the freezing effect on the dril l ing 
fluid was a problem, but that too has  now been largely overcome by the 
use of appropriate dril l ing fluids. In fact,  a l l  such permafros t  problems 
in  relation to  deep dril l ing a r e  being resolved a s  they appear .  Possibly 
the most  awkward problem remaining i s  that of water supply f o r  drilling 
fluid in  the Arctic Is lands,  but that a l so  should not be too difficult in 
most  a r e a s .  The well exposed geology should permit  the operator  to find 
connate water  in the synclines by drilling shallow holes,  even m o r e  
easi ly  than he can find oil  and gas in  the positive a reas .  Such an approach 
would only be necessa ry  of course for  well s i tes  that a r e  a long distance 
f rom s e a  water o r  other permanent water bodies. 

Oil Production and Related Pipeline P rob lems  

Some of the problems that will be encountered a t  such t ime a s  
there  i s  commerc ia l  production in  the F a r  North a re :  

Waxing of paraffin base oi ls  in  production casing,  gathering 
sys t ems  and other  pipelines. These problems may  o r  may 
not be seve re  in  the Arctic Islands.  All  indications to date 
f rom oil  samples ,  which have been analyzed, a r e  that most  
of the oi ls  a r e  likely to  be asphaltic base oi ls ,  thus reducing 
the problems of crude oil movement a t  low tempera tures .  

Surface pipelining. The problems of trenching for  pipelines 
have been r e fe r red  to many t imes  in  relation to the tendency 
of the active layer  to expel by freezing any l ines  laid in o r  
close to the active layer .  The prevalence of rock outcrops 
in the Arct ic  Is lands will probably force  ope ra to r s  to lay 
l ines above the surface and cover them with soil  and rock 
and/or ar t i f ic ial  insulation. 

In the building of long-range pipelines between the is lands in 
the Arct ic  the re  will be a special  problem of connecting 
sur face  l ines on land with tne submarine portions of the lines.. 

Open a i r  oi l  s torage in  the Arct ic  Islands should not be 
difficult in most  a r e a s ,  where natural  ravines can provide 
s torage by the building of dams.  In such c a s e s  the 
impermeable nature of the permafros t  will prove to be an 
ally by sealing the "tanks", thus preventing leakage. 

Other Related P rob lems ,  such a s  Building and Agricul ture ,  e tc .  

The problems of heavy construction relating to  production 
projects  have been d iscussed  and descr ibed by other authors  a t  this  



Conference. Several  s ta tements  have been made in published papers  with 
whichithe author does  not ent i rely agree.  One author stated that nea r  
Ak1avi.k i n  the Mackenzie Delta the top 10 feet of perennially frozen silt 
were  found to contain 60 pe r  cent of ice  by volume and that,  therefore,  i f  
t h i s  f rozen  so i l  thawed the re  would be a set t lement  of 6 feet in the top 
13 feet.  The author  overlooked the fact that silt has  an  inters t i t ia l  
porosi ty  of only 15 to 20 per  cent  so the set t lement  would be c loser  to  4.0 
to 4.5 feet.  Assuming,  however,  that the "60 per  cent by volume" figure 
was  c o r r e c t ,  it would probably mean that the silts were  interbedded with 
i ce  l a y e r s ,  a si tuation that is i l lustrated in F igure  2. Another statement 
was that pe rmaf ros t  can be neglected when s t ruc tu res  a r e  located on 
sands  and gravels .  This  would be dangerous practice if underlying s t r a t a  
should contain sufficient ice  to  be plastic and thus capable of la te ra l  flow 
under p r e s s u r e .  These  points a r e  mentioned only a s  a warning against 
neglecting some  of the commonly known geological factors .  

The  problem of permafros t  in  relation to  exploration and 
development in  the F a r  North would be incomplete without mentioning 
agr icu l ture  and colonization. No ma t t e r  what mining ventures become 
establ ished,  o r  what oil  f ields a r e  located, a completely sat isfactory 
development of nor thern  Canada cannot and will not take place until the 
problem of agr icu l tura l  development in  many of the a r e a s  underlain by 
pe rmaf ros t  have been solved. In this  connection, the author quotes f rom 
one of h is  unpublished papers:  

"The subject of the t e r r a i n  in  relation to  agricul ture  i s  a very big 
one and I do not intend to  go deeply into i t ,  other than to  point out 
that  the sc ience  of agricul ture ,  like other  sciences,  is making 
g rea t  p rogress .  I t  has  been found that once the insulation of m o s s  
and o ther  vegetation i s  removed f t o m  the permafros t ,  the la t te r  
r ecedes  and growth of c rops  i s  encouraged; muskeg a r e a s  can be 
dra ined  and the acid soil  t reated.  These  a r e  m e r e  mechanical 
problems.  Culture chemicals  can be added to the soil  to promote 
the r a t e  of growth. Photosynthesis by the sun 's  r ays  i s  the 
principal requi rement  fo r  plant growth and photosynthesis i s  by 
no means  confined to the a r e a  south of the 60th paral le l  o r  any 
o ther  paral le l .  Following mechanical t rea tment  of the land 
su r faces  and with the aid of chemicals ,  garden produce can 
undoubtedly by produced in  significant quantities throughout the 
T e r r i t o r i e s  and even on the Islands.  All these fac tors  and o thers  
can and will i n  future permit  the T e r r i t o r i e s  to support a la rge  
local population, with some a t  least  of the i r  agricul tural  food 
requi rements .  I t  does not take much imagination to visualize 
what inc reased  population and development of other  natural  
r e s o u r c e s  coulddo to oil and gas development. " 



Of a l l  the permafros t  problems that tend to obstruct  oil and 
other  mine ra l  development of the F a r  North, the relation of permafrost  
to  agricul ture  could be considered the most  important.  The o thers  a r e  
relatively minor  problems that can  be solved a s  they appear ,  mainly by 
engineers  and scient is ts .  Solutions to many of these problems a r e  
a l ready known and a r e  even now in  the process  of being introduced a s  
( iorrect ive measures  in the field. 
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Fig. 1 Typical muskeg - lake pe rmaf ros t  t e r r a i n  i n  lower  
Mackenzie River valley. 

Fig. 2 Interbedded s i l t  and i c e  l a y e r s  in  cutbank on  P e e l  
River  i n  lower  Mackenzie River  basin. 



Fig. 3 E a r t h  s l ide  i n  perennially frozen s i l t  
which blocked and deflected the P e e l  
River.  

Fig. 4 Pingo i n  the Mackenzie River  del ta  region. 
Flanks a r e  composed of Cretaceous s t r a t a .  



Fig. 5 Cabbages a t  For t  Good Hope, N. W. T. 14 
miles south of Arctic Circle. Vegetables have been 
grown here for many years in an area from which 
the permafrost has receded due to removal of surface 
vegetation. The soil has become "sweetened" by 
drainage of humic acid which i s  typical of permafrost 
areas. Note jacknife for scale. 

Fig. 6 Felsenmeer o r  Palaeozoic rock on the Arctic 
Islands typical of outcrop areas comprised mainly 
of carbonates o r  other competent rock. 



Fig.  7 Depressed centre permafrost polygons containing 
small  lakes on Sabine Peninsula, Melville Island, 
N. W.  T. 

Fig.  8 Raised centre permafrost polygons with smal l  lakes 
in trenches at Eureka, N .  W.  T. on El lesmere Island. 



. Fig. 9 Beaver  a i r c r a f t  m i r e d  o n  landing s t r i p  a t  
Bracebridge Inlet  on Bathurs t  Island that  appeared 
f r o m  a i r  to be useable. The f ron t  wheels on  this 
STOL a i r c r a f t  a r e  45 inches  i n  diameter .  

Fig.  10  Good a i r s t r i p  on well  drained fe lsenmeer  developed 
on dolomite a t  Allen Bay nea r  Resolute,  N. W. T. 
(RCAF a e r i a l  photograph).' 



Fig. 11 Poor  a i r s t r i p  a t  Isachsen,  N. W. T. on Ellef 
Ringnes Island on Jurassic-Cretaceous plastic 
shales  in  an  a r e a  where the dendrit ic s t r e a m  
pat tern indicates unfavourable charac ter i s t ics  
(RCAF a e r i a l  photograph). 

Fig. 12 Airs t r ip  a t  Sherard Bay, Melville Island, built by 
Panarc t ic  Oils Limited along a carefully selected long 
nar row t e r r a c e  in  deltaic a rea .  This s t r i p  is sandy 
and well drained representing a smal l  p a r t  of a la rge  
deltaic a r e a  that appears  superficially suitable for  
a i r s t r i p  construction (RCAF ae r i a l  photograph). 




