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This  Company has  been engaged in mining in  permafros t  a r e a s  
since 1935. In that t ime five producing mines have been established i n  
the Yukon and Northwest T e r r i t o r i e s ,  mostly within 150 mi le s  of the 
Town of Yellowknife and a l l  of the underground type. The author has  been 
employed in this  work since 1953. 

Most of these mines  have been located in  a r e a s  of P recambr ian  
rock where overburden is generally shallow o r  absent thus minimizing 
the permafrost  problems. Where permafrost  has  been encountered, 
various methods have been used depending on local conditions and 
experience. This  paper descr ibes :permafros t  problems and methods 
employed to overcome them i n  connection with foundations, power l ines,  
roads,  a i r s t r i p s ,  sewage disposal and underground mining. 

PLANT AND EQUIPMENT FOUNDATIONS 

All possible advantage is taken of exposed bedrock when 
choosing s i t e s  for  buildings and machinery. Occasionally this  is not 
feasible and in such cases  one of three courses  of action is usually 
followed. If the overburden appears  to be shallow, perhaps 15 feet  o r  
l e s s ,  the surface insulating vegetation is stripped in  the e a r l y  Spring. 
The frozen ground is removed a s  it thaws until solid rock is reached. 
Cribbing may  be requi red  to  support the walls of the excavation. Thawing 
has  a l so  been accelerated by f i r e s  o r  the heated cooling water  from 
machinery. In one c a s e  where the building was smal l ,  and some move- 
ment  could be tolerated,  three  t imber  m a t s  were laid down i n  a t r iangular  
pattern on the undisturbed ground surface.  Two s tee l  beams were  s e t  on 
these ma t s ;  the floor joists were  fastened to the beams,  and the building 
was erected.  This is m e r e l y  the common three  point suspension method. 
The building shifted considerably but not to the point where its usefulness 
w a s  impaired.  In other cases  techniques developed a t  Inuvik, N.W. T. ,  
and s imi lar  places have been used. 

POWER LINES 

Sixty-five mi le s  of hydro-electric power l ines  have been con- 
s t ructed and maintained. These  l ines have been built with single wooden 
poles, about 15 per  cent of which a r e  standing in  muskeg on permafrost .  
These poles a r e  supported by setting them in a rock-filled log c r i b  8 feet 
square  by 4 feet  high. Similar  rock-filled c r ibs  4 feet  square  by 4 feet  
high a r e  a l so  built a t  the s a m e  t ime.  They a r e  located about 25 feet away 



f r o m  the power line and a t  right angles to it. Anchors a r e  se t  in  the sma l l e r  
c r i b s  and the pole is guyed to these anchors.  The c r ibs  las t  approximately 
15 yea r s .  

Each  Spring the peat on the south side of these c r ibs  thaws f i r s t .  
The c r i b  s inks  toward that side causing the pole to tilt.  Generally,  the 
pole only moves  off ver t ica l  by l o 0  to 15" and not every  pole moves.  
Movement m a y  be hampered  by the guy wires .  If the pole is not straightened, 
the leaning i n c r e a s e s  and the line will collapse i n  one o r  two years .  This  
problem is handled by sending out a two-man crew and a cook in August. 
A block and tackle  is rigged on the pole, some rock is removed, and guy 
w i r e s  loosened i f  necessa ry .  The t ie  wi res  that fasten the power cables to 
the insula tors  m a y  a lso  have to be loosened. The pole is then pulled back 
to ver t ica l ,  a l l  w i re s  tightened and the rock replaced in  the c r ib .  The pole 
will  be serviceable  fo r  another year .  The crew covers  about 15 mi les  per  
week, checking the line for  other difficulties a t  the same time. 

ROADS 

Our work has  required construction of severa l  hundred mi les  
of winter (or  snow) roads  and about 90 mi le s  of all-weather roads have 
had to be constructed. Snow roads c a r r y  about 80 per  cent of the freight 
load and a r e  the bes t  example of the occasional usefulness of permafrost .  
These  roads  follow lakes  and the valleys between lakes to  avoid s teep 
g r a d e s  a s  much a s  possible.  

The route  for  a new road will be inspected during the previous 
s u m m e r  by light a i r c ra f t .  When approximately 8 inches of ice  has  formed 
or. the l a r g e r  lakes ,  a light custom-made t ruck  with ex t ra  la rge  t i r e s  is 
dr iven slowly over  the route.  Ice is tested fo r  thickness ahead of the 
t ruck.  This  work flattens the snow and destroys i t s  insulating qualities. 
A d r a g  is pulled behind the t ruck to smooth the road. The road-making 
t r u c k  is driven back and forth over the road seve ra l  t imes .  The snow 
f r e e z e s  h a r d  and smooth, and on lakes the ice  beneath thickens rapidly. 
A s  soon a s  24 inches of ice  is available, a truck-mounted snowplow goes 
along the road.  I t  plows the road, on lakes only, bare  of snow for awidth 
of approximately 50 feet .  Shortly af terwards,  hauling with semi- t ra i le rs  
begins.  The first loads will  be approximately 10 tons. Within 2 weeks 
t h e r e  will  be sufficient i ce  to  c a r r y  25 ton loads. By Spring the ice  under 
the road  m a y  be 6 feet  thick. Where the.road is s traight ,  as on lakes,  
speeds  of 50 m i l e s  pe r  hour a r e  possible. These roads have a life of 
about 90 days.  

About 35 m i l e s  of all-weather road were constructed from clay 
that was  perennially frozen near the ground surface.  This  road was built 
by bulldozing t r e e s  and clay from the s ides  of the road to make an 



embankment about 4 feet high. At first it was wet and soft, passable only 
to t racked vehicles. I t  soon dr ied  and became quite passable.  One of the 
company's mining propert ies  i n  mountainous t e r r a i n  in the Yukon T e r r i -  
to ry  required about 45 mi le s  of all-weather road. This was constructed 
almost  ent i rely on side hi l ls  and encountered intermittent s t re tches  of 
permafrost .  These frozen a r e a s  made the road nearly impassable  during 
the first summer .  By the following July, they had thawed and dried and 
became usable. If such conditions a r e  encountered again, log corduroy 
would be laid a s  soon a s  possible and covered immediately with gravel  to  
reduce the r a t e  of thaw. Four  mi l e s  of road were  also constructed on 
the tundra over  a mixture of sand and clay soi ls .  Ample supplies of 
crushed rock and gravel  were available to  make an embankment 2 feet 
high by 15 feet wide. Care  was taken not to dis turb the natural  surface;  
this  road was usable immediately and has  now been in service for 5 yea r s .  

AIRSTRIPS 

$ 

Three  a i r s t r i p s  have been constructed a t  the company's mines 
in  the past 1 2  years .  One was made by placing tailings on a muskeg a rea .  
The sand f rom the tailings was c a r r i e d  by water through a pipeline to  the 
deposition point and a layer  4 to  10 fee t  thick was placed to obtain a level 
sur face .  The water  drained rapidly and it appears  that the permafros t  
table r o s e  to 3 o r  4 feet below the a i r s t r i p  surface the following winter 
and has  remained there .  The s t r i p  i s  150 fee t  wide by 3, 500 feet  long. 
A layer  of gravel  3 inches thick and 50 feet  wide was laid down the centre .  
F o r  10 y e a r s  this  s t r ip  has  been i n  sat isfactory year-round use except 
fo r  about 10 days each Spring. I t  does not exhibit f ros t  boils o r  other  
surface dis turbances at  any t ime.  

The second a i r s t r i p  was made f rom perennially frozen clay. 
T r e e s  and m o s s  were  first bulldozed off the a r e a .  The clay su r face  
consisted of f ros t  mounds about 2 feet  i n  diameter  by 1 foot high. This 
turned into a quagmire and no fur ther  work was done for  two months. 
By then the clay had dr ied  and hardened enough to permi t  grading. ' F a l l  
came  a t  this t ime freezing the a i r s t r i p  and the following summer  i t  was 
lightly gravelled and performed satisfactorily thereaf te r .  

The third a i r s t r i p  was located on a gravel  e ske r  in  the tundra. 
The gravel  was d r y  and did not contain ice .  After levelling, this  s t r ip  
was the bes t  of the three .  I t s  su r face  is about 20 feet above the surround- 
ing t e r r a i n  and i t  blows relatively c l ea r  of snow in winter. Being d ry  it 
is usable throughout the year  and will accommodate a i r c r a f t  up to 
Hercules  s ize.  



PIPELINES 

Al l  plant buildings including residences a r e  steam-heated from 
a cen t ra l  heating plant. The pipelines that c a r r y  the s team,  condensate, 
cold water  and sewage a r e  contained in wooden boxes between buildings. 
They a r e  general ly  about 18 inches high by 2 to 3 feet wide. Steam lines 
a r e  insulated but condensate l ines a r e  unprotected. In some c a s e s  the 
boxes have been filled with sawdust, in o thers  the inter ior  was lined with 
paperboard and a one-inch layer  of insulation was fastened to the lid of 
the box. Both types have proven satisfactory. The sawdust-filled box 
p resen t s  a modest  f i r e  haza rd  but the sawdust ensures  protection from 
f reez ing  due to  boiler fa i lure ,  for perhaps a s  long a s  48 hours .  

SEWAGE DISPOSAL 

All  sewage lines a r e  laid to  provide natural drainage if possible. 
They a r e  c a r r i e d  i n  the s a m e  boxes a s  s team and water l ines o r  where 
these  a r e  not available in  the i r  own box with a steam line beside the 
sewage line. 

Sewage line discharge into septic tanks,  of adequate s ize ,  con- 
s t ruc ted  of s tee l  o r  wood. They a r e  housed in  a building sufficiently 
l a r g e  to  pe rmi t  a c c e s s  on a l l  sides.  The building i s  s team heated, with 
the condensate discharging into the septic tank. This  maintains the tank 
at 90 to  100' and ensures  adequate bacter ial  action. Septic tanks a r e  
located where  they can  discharge downslope. The s teepest  available slope 
is m o s t  des i rab le .  

The tank overflows, a lmost  constantly, through a wooden pipe 
onto the ground. T r e e  branches o r  s imi lar  snow catching t r a s h  i s  piled 
around the discharge pipe. This has  proven adequate to prevent freezing 
both i n  fores ted  a r e a s  and i n  the tundra,  and the entire arrangement  has  
been f r e e  of difficulties. 

UNDERGROUND WORK 

P e r m a f r o s t  in  the mines has  var ied to a maximum thickness 
of 950 feet  a t  Tundra Mine located 50 mi les  north of the t reel ine.  

At  Discovery Mine the permafros t  was about 250 feet deep 
when mining commenced. On one occasion the mine had to  be closed down 
fo r  a lengthy period because of flooding when al l  openings became filled 
with ice .  When it was reopened, the re  was fortunately a sma l l  pond nearby 
which was quite w a r m ,  probably 40" to 45 OF. Water was siphoned from 
the pond into the mine and pumped out again causing the ice to mel t  
rapidly.  Th i s  mine has  now been in  operation for  22 years .  The re  is no 



sign of permafrokt anywhere and it is assumed that it has  receded 5 to 
10 feet f rom the walls of the excavations. 

At Tundra Mine, the permafros t  was both a convenience and a 
nuisance. I t  was convenient because it effectively prevented surface 
water  f rom entering the mine, thus lightening the pumping load and saving 
electr ic i ty  for  other  uses .  Roc,k tempera tures  a r e  around 32°F  varying 
f rom 28°F a t  a depth of 175 feet to 33°F a t  the 1, 100 foot horizon. 
Underground excavations a r e  made by drilling 1 1/2 inch diameter  holes,  
loading these with explosives and detonating the charges.  The holes a r e  
dr i l led with a percuss iontype  dr i l l  s imi lar  to a pavement b reake r .  
Water supplied through aluminum o r  i ron  paper l ines 1 to  2 inches in  
d iameter  is used with these machines to suppress  dust. Cooling water  
was used f rom the diesel  engines and a i r  compresso r s ,  which had a 
tempera ture  of about 140°F when it entered the mine and about 50 O F  

when it reached the rock dr i l l s .  When the dr i l l s  were not in  use,  valves 
were  opened slightly at  the end of each line to  ensure  continuous flow. 
Heat f rom this  source was enough to thaw the walls of any excavation. 
They would remain thawed a s  long a s  active work was proceeding. 

DIAMOND DRILLING 

The main problems with diamond dril l ing in  permafros t  a r e  
the f reez ing  of cooling water  en route to the dr i l l  and freezing of the rods 
in  the hole. Usually the only preventative for  these hazards  is constant 
vigilance. Drilling water  is obtained from the nea res t  lake usually l e s s  
than 1, 500 feet distant. In winter it is drawn f r o m  5 to 10 feet  below the 
i ce  where its tempera ture  may  be 35°F. I t  pas ses  through an oil-fired 
heat exchanger which r a i s e s  the water  tempera ture  to, perhaps,  45"F,  
and through 1 inch diameter  rubber  hose to the dril l .  I t  is  essent ial  that 
the water  pump and the heat exchanger work continuously. As long a s  
both a r e  operating, the hose line will remain  open. In  s u m m e r  the heat 
exchanger is left out of the sys tem and l e s s  vigilance is required. Care  
mus t  a l so  be taken to avoid leaving the rods i n  the hole without water  
being pumped through them and without the rods being turned. Sometimes 
calcium chloride i s  added to the dril l ing water  to  lower the freezing point 
just before it en te r s  the dril l .  This  allows some latitude in leaving the 
rods  i n  the hole. 

In two cases ,  mine shaf t s  that had been idle many yea r s  have 
been reopened. The permafros t  was only about 100 feet thick a t  both 
locations. A hole was dr i l led through the ice and a s t r ing .of  1 inch 
d iameter  pipe was inser ted.  This  was  extended until the bottom end of 
the pipe was a t  least  10d feet  below the ice.  Compressed a i r  was blown 
through the pipes a t  about 60 to 70 pounds p res su re .  This  brought up 
warm water  which melted the i ce  quite rapidly. At the s a m e  t ime warm 



cooling water  was discharged from diesel  engines onto the top of the i ce  
and pumped out again.  Th i s  technique was quite sat isfactory and much 
e a s i e r  than blasting and shovelling the ice .  

Our company's experience leads  u s  to believe that permafros t  
problems usual ly can  be overcome by thought and tenacity. P e r m a f r o s t  
conditions a r e  just something native to an a r e a  and the accompanying 
problems should not be overrated.  I t  i s  essent ial  to have good, reliable 
equipment with some spa re  heat capacity, patience, and an open mind 
toward t ry ing  out new ideas .  I t  is desirable  to  use the permafros t  to 
advantage but, if th is  is impossible,  i t  will provide an excellent opportunity 
to  t e s t  one ' s  ingenuity. 




