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E x p e r i e n c e  w i t h  a v a r i e t y  o f  t y p e s  o f  c o n s t r u c t i o n  
i n  n o r t h w e s t e r n  Canada d u r i n g  r e c e n t  y e a r s  h a s  shown t h a t  
t h e  zone  o f  s p o r a d i c  o r  d i s c o n t i n u o u s  p e r m a f r o s t  i s  much 
more e x t e n s i v e  i n  a r e a  t h a n  h a s  been  g e n e r a l l y  a p p r e c i a t e d .  
I n  many r e s p e c t s ,  c o n s t r u c t i o n  problems r e s u l t i n g  from 
f r o s t  i n  t h e  g round  a r e  more d i f f i c u l t ' i n  zones  o f  d i s -  
c o n t i n u o u s  p e r m a f r o s t  t h a n  i s  t h e  c a s e  i n  a r e a s  o f  con- 
t i n u o u s  p e r m a f r o s t .  T h i s  p a p e r  d e a l s  w i t h  s e v e r a l  t y p e s  o f  
c o n s t r u c t i o n  p rob lems  p e c u l i a r .  t o  zones  of d i s c o n t i n u o u s  
p e r m a f r o s t  a n d  i l l u s t r a t e s  some o f  them w i t h  c a s e  h i s t o r i e s  
f rom t h e  a u t h o r ' s  e x p e r i e n c e  o v e r  t h e  p a s t  s e v e r a l  y e a r s .  

The f i rs t  problem,  o f  c o u r s e ,  i s  t o  i d e n t i f y  t h e  
e x i s t e n c e  o f  p e r m a f r o s t  at  a g i v e n  s i t e .  A c h a r a c t e r i s t i c  
o f  a l l  p e r m a f r o s t  i n  t h e  zone o f  d i s c o n t i n u o u s  p e r m a f r o s t  i n  
n o r t h w e s t e r n  Canada i s  t h a t  i n  i t s  u n d i s t u r b e d  n a t u r a l  
e n v i r o n m e n t  i t  i s  i n  a s t a t e  o f  r e t r o g r e s s i o n .  It may, 
t h e r e f o r e ,  be  found  i n  what a p p e a r s  t o  be  a s o l i d l y  f r o z e n  
s t a t e ;  o r  i t  may be  found i n  a  p a r t i a l l y  thawed c o n d i t i o n  
i n  which f r e e  w a t e r  i s  mixed w i t h  i c e ,  a  c o n d i t i o n  c o l -  
l o q u i a l l y  known as " r o t t e n "  p e r m a f r o s t .  I n  f a c t ,  e x c e s s i v e l y  
wet z o n e s  c a n  be  found  i n  a s o i l  p r o f i l e  where t h e r e  a p p e a r s  
t o  b e  no  i c e  b u t  t h e  w a t e r  and  s o i l  t e m p e r a t u r e  i s  e x a c t l y  
32'F. I n  g e n e r a l ,  t h e r e f o r e ,  one must be  p r e p a r e d  t o  
r e c o g n i z e  a l l  p o s s i b l e  p h y s i c a l  m i x t u r e s  o f  i c e  and w a t e r  
w i t h i n  t h e  r a n g e  f rom s o l i d l y  f r o z e n  s o i l  t o  s o i l  i n  which 
t h e  i c e  h a s  m e l t e d  b u t  t h e  f r e e  w a t e r  from t h e  i c e  l e n s e s  
h a s  n o t  had  s u f f i c i e n t  t i m e  t o  d r a i n  away and p e r m i t  t h e  
s o i l  t o  c o n s o l i d a t e  u n d e r  t h e  we igh t  o f  over -burden  above 
i t .  

I n  e n g i n e e r i n g  p r a c t i c e  t h e  c o n v e n t i o n a l  p r o c e d u r e  
f o r  a  s i t e  i n v e s t i g a t i o n  i s  t o  p u t  down one o r  more t e s t  
b o r e h o l e s ,  v i s u a l l y  l o g  and  sample  t h e  s o i l ,  and i f  neces -  
s a r y  r u n  a s e r i e s  o f  l a b o r a t o r y  t e s t s  on t h e  samples  t o  
e s t i m a t e  t h e  m e c h a n i c a l  p r o p e r t i e s  o f  t h e  s o i l .  Many 
i n v e s t i g a t o r s  have  assumed t h a t  t h e s e  p r o c e d u ~ s w i l l  r e a d i l y  
i d e n t i f y  d i s c o n t i n u o u s  p e r m a f r o s t .  U n f o r t u n a t e l y ,  however ,  
e x p e r i e n c e  h a s  shown t h a t  even  e x p e r i e n c e d  e n g i n e e r s  may 
f a i l  c o m p l e t e l y  t o  i d e n t i f y  p a r t i a l l y  f r o z e n  s o i l  by t h e s e  



I n  f a c t ,  c a s e s  a r e  on r e c o r d  where even  
il h a s  n o t  been  r e c o a n i z e d .  The convent  

methods.  
f r o z e n  s o  

s o l i d l y  
i o n a l  

p r a c t i c e  f o r  f o u n d a t i o n  i n v e s t i g a t i o n s  i s  t h e r e f o r e  n o t  
a d e q u a t e  i n  zones  of d i s c o n t i n u o u s  p e r m a f r o s t .  The p ro -  
c e d u r e s  must be  augmented by a d d i t i o n a l  checks .  

I n  o u r  e x p e r i e n c e  t h e r e  a r e  t h r e e  a d d i t i o n a l  
checks  t h a t  a r e  o f  pr ime i m p o r t a n c e ,  and t h a t  i n  o u r  view 
s h o u l d  a lways  be  i n c l u d e d  i n  s i t e  i n v e s t i g a t i o n  p r o c e d u r e s  
i n  a r e a s  o f  p o t e n t i a l  d i s c o n t i n u o u s  p e r m a f r o s t .  The f i rs t  
o f  t h e s e  i s  t h a t  t h e  mean a n n u a l  a i r  t e m p e r a t u r e  s h o u l d  b e  
e s t i m a t e d  from t h e  C l i m a t o l o g i c a l  Atlas p u b l i s h e d  j o i n t l y  
by t h e  N a t i o n a l  Resea rch  C o u n c i l  and Department  o f  T r a n s p o r t  
and checked  by a v a i l a b l e  l o c a l  a i r  t e m p e r a t u r e  d a t a .  If t h e  
mean a n n u a l  a i r  t e m p e r a t u r e  i s  be tween a b o u t  30 and  3Z°F., 
d i s c o n t i n u o u s  p e r m a f r o s t  i s  t o  be  e x p e c t e d  r a t h e r  t h a n  
c o n t i n u o u s  p e r m a f r o s t .  Areas  o n l y  some 200 m i l e s  n o r t h  o f  
Edmonton, S a s k a t o o n  o r  Winnipeg a r e  known where t h e  mean 
a i r  a n n u a l  t e m p e r a t u r e  i s  w i t h i n  t h i s  r a n g e .  I n  a r e a s  
h a v i n g  a  mean a n n u a l  a i r  t e m p e r a t u r e  w i t h i n  t h i s  r a n g e ,  
however ,  r e t r o g r a d i n g  p e r m a f r o s t  w i l l  u s u a l l y  be  found 
o n l y  u n d e r  a t h i c k  o r g a n i c  c o v e r  w i t h  t r e e  growth ,  o r  on 
t h e  n o r t h e r l y  e x p o s u r e s  o f  h i l l s  and  s t r e a m  v a l l e y s  h a v i n g  
r e l a t i v e l y  heavy v e g e t a t i o n  growth on them. 

The s e c o n d  i m p o r t a n t  check  i n v o l v e s  t h e  n a t u r a l  
m o i s t u r e  c o n t e n t  p r o f i l e  i n  t e s t  h o l e s  a t  t h e  s i t e .  These  
s h o u l d  a lways  be  d e t e r m i n e d  i n  a r e a s  s u s p e c t e d  t o  have  
r e t r o g r a d i n g  p e r m a f r o s t .  One o r  more b u l g e s  towards  t h e  
wet s i d e  i n  t h e  n a t u r a l  m o i s t u r e  c o n t e n t  p r o f i l e ,  p a r t i c -  
u l a r l y  i f  t h e  m o i s t u r e  c o n t e n t s  i n  t h e  " b u l g e "  exceed  t h e  
l i q u i d  l i m i t  f o r  t h e  s o i l ,  a r e  p o s i t i v e  i n d i c a t i o n s  t h a t  
p e r m a f r o s t  h a s  r e c e n t l y  e x i s t e d  a t  t h e  s i t e ,  and t h a t  t h e  
c o n d i t i o n s  a r e  n o t  y e t  i n  e q u i l i b r i u m  f o l l o w i n g  m e l t i n g  o f  
t h e  i c e .  The Thompson a r e a  i n  n o r t h e r n  Mani toba  i s  one 
where t h i s  p r o c e d u r e  i s  f r e q u e n t l y  v e r y  e f f e c t i v e .  The 
r e c e n t l y  thawed l a y e r  o f  p e r m a f r o s t  i n  t h i s  a r e a  a p p e a r s  t o  
have  been  o f  t h e  o r d e r  o f  30 t o  40 f e e t  i n  t h i c k n e s s .  
"Ro t t en"  p e r m a f r o s t  i s  sometimes i d e n t i f i e d ,  b u t  more 
f r e q u e n t l y  t h e  n a t u r a l  m o i s t u r e  c o n t e n t  p r o f i l e  w i l l  show 
e x c e s s i v e l y  w e t  s o i l .  

The t h i r d  e s s e n t i a l  check  i s  t h a t  s o i l  t empera-  
t u r e s  s h o u l d  a lways  b e  measured  w i t h  a thermometer  a t  t h e  
bo t tom o f  t h e  t e s t  h o l e  a t  i n t e r v a l s  as i t  i s  p r o g r e s s e d .  
Tempera tu re  r e a d i n g s  a t  o r  j u s t  below 32OF a r e  a l s o  
p o s i t i v e  i n d i c a t i o n s  t h a t  t h e  s o i l  h a s  o n l y  r e c e n t l y  thawed 
and t h e  c o n d i t i o n s  may n o t  y e t  b e  i n  e q u i l i b r i u m .  



If f r o z e n  s o i l  o r  m e l t i n g  i c e  are e n c o u n t e r e d ,  o r  
i f  t h e  s u b s o i l  m o i s t u r e  i n  a zone i n  t h e  p r o f i l e  h a s  n o t  y e t  
s t a b i l i z e d  f o l l o w i n g  m e l t i n g  o f  t h e  I c e ,  i t  i s  i m p r a c t i c a l  
t o  a t t e m p t  t o  m a i n t a i n  t h e  p r e s e n t  c o n d i t i o n s  i n d e f i n i t e l y  
i n t o  t h e  f u t u r e .  R e t r o g r e s s i o n  f rom t h e  s o l i d l y  f r o z e n  
s t a t e  w i l l  c o n t i n u e  d e s p i t e  a n y t h i n g  done on t h e  s u r f a c e  
s h o r t  o f  p r o v i d i n g  mechan ica l  r e f r i g e r a t i o n  t o  r e f r e e z e  a t  
l e a s t  a p o r t i o n  o f  t h e  p e r m a f r o s t  zone .  T h i s  i s  i n  c o n t r a s t  
t o  t h e  s i t u a t i o n  i n  c o l d e r  zones  o f  c o n t i n u o u s  p e r m a f r o s t ,  
where i t  may b e  q u i t e  p r a c t i c a l  t o  t a k e  s t e p s  t o  m a i n t a i n  
t h e  s o i l  i n  a  f r o z e n  s t a t e  i n d e f i n i t e l y  i n t o  t h e  f u t u r e .  

If p e r m a f r o s t  i n  any o f  i t s  s t a g e s  o f  r e t r o g r e s -  
s i o n  i s  e n c o u n t e r e d  a t  a s i t e ,  t h e n  a s e t  o f  u n c o n v e n t i o n a l  
d e s i g n  c o n d i t i o n s  must be  supe r imposed  on t h e  u s u a l  d e s i g n  
p r a c t i c e .  U n f o r t u n a t e l y ,  a  g e n e r a l  answer  f o r  t h e s e  ad- 
d i t i o n a l  c o n d i t i o n s  does  n o t  e x i s t  e x c e p t  t o  t h e  e x t e n t  
t h a t  i t  must b e  r e c o g n i z e d  t h a t  c o n d i t i o n s  o f  r e t r o g r e s s i o n  
w i l l  c o n t i n u e  and p r o b a b l y  a t  a n  a c c e l e r a t e d  r a t e  as a  
r e s u l t  o f  t h e  c o n s t r u c t i o n  work t h a t  i s  t o  be  u n d e r t a k e n .  

From t h e  f o u n d a t i o n  p o i n t  o f  v i ew,  a s t a n d a r d  
p r o c e d u r e  i s  t o  u s e  a p i l e d  f o u n d a t i o n  w i t h  t h e  p i l e s  
e x t e n d i n g  t h r o u g h  t h e  r e c e n t l y  f r o z e n  zone t o  a c t  i n  b e a r -  
i n g  a n d / o r  f r i c t i o n  i n  t h e  u n d e r l y i n g  more s t a b l e  s o i l .  
T imber  p i l e s  have  been  t h e  most w ide ly  u s e d  i n  t h e  perma- 
f r o s t  zone u n d e r  c o n s i d e r a t i o n .  These c a n  be s t e a m  j e t t e d  
t h r o u g h  f r o z e n  s o i l ,  b u t  e x p e r i e n c e  has  shown t h a t  t h e y  c a n  
r e a d i l y  be  d r i v e n  t h r o u g h  p e r m a f r o s t  i n  a n  advanced  s t a t e  
o f  r e t r o g r e s s i o n .  The u s e  o f  a  p i l e d  f o u n d a t i o n  unde r  s u c h  
c i r c u m s t a n c e s  r e q u i r e s  a s t r u c t u r a l  ground f l o o r  o r  basement  
f l o o r .  No a d v a n t a g e  r e s u l t s  w i t h  t h e s e  c o n d i t i o n s  i n  
r a i s i n g  t h e  b u i l d i n g  above t h e  ground s u r f a c e  t o  p r o v i d e  
o u t s i d e  a i r  c i r c u l a t i o n .  I n  f a c t ,  such  a n  a i r  s p a c e  can  be 
d e t r i m e n t a l  t o  t h e  e x t e n t  t h a t  f r o s t  p e n e t r a t i o n  d u r i n g  t h e  
w i n t e r  below t h e  ground s u r f a c e  u n d e r  t h e  b u i l d i n g  may 
i r r e g u l a r l y  l i f t  t h e  p i l e s  by f r o s t  h e a v i n g .  

The u s u a l  s i t e  p r e p a r a t i o n  s u c h  as c l e a r i n g ,  
s t r i p p i n g  o f f  t h e  o r g a n i c  c o v e r  and p r o v i d i n g  s u r f a c e  
d r a i n a g e  w i l l  i n v a r i a b l y  i n c r e a s e  t h e  r a t e  o f  d e t e r i o r a t i o n  
o f  t h e  p e r m a f r o s t .  S e t t l e m e n t s  o f  t h e  o r d e r  o f  s e v e r a l  
i n c h e s ,  o r  even  o f  a few f e e t ,  may r e s u l t  a t  t h e  s u r f a c e .  
It i s  d i f f i c u l t  t o  a n a l y z e  r a t i o n a l l y  t h e  r a t e  a t  which 
t h a w i n g  and c o n s o l i d a t i o n  w i l l  p roceed  a t  a  g i v e n  s i t e ,  
b e c a u s e  a h e a t  t r a n s f e r  problem i s  supe r imposed  on t h e  
c o n s o l i d a t i o n  p rob lem.  The problem can  be  h a n d l e d  



m a t h e m a t i c a l l y  by modern computer  t e c h n i q u e s ,  b u t  d i f f i c u l -  
t i e s  a r i s e  i n  a s s i g n i n g  a c c u r a t e  n u m e r i c a l  v a l u e s  t o  t h e  
s e v e r a l  p a r a m e t e r s  i n v o l v e d  i n  t h e  n u m e r i c a l  s o l u t i o n .  
These  i n c l u d e  a c c u r a t e  v a l u e s  f o r  t h e  s p e c i f i c  h e a t  and 
t h e r m a l  c o n d u c t i v i t y  o f  t h e  s o i l ,  t h e  s o i l  m o i s t u r e  c o n t e n t ,  
t h e  p e r m e a b i l i t y  and c o n s o l i d a t i o n  c h a r a c t e r i s t i c s  of  t h e  
s o i l  a s  w e l l  a s  t h e  v a r i a t i o n  i n  a t  l e a s t  t h e  mean d a i l y  
t e m p e r a t u r e  a t  t h e  s u r f a c e  o f  t h e  ground f o r  t h e  p e r i o d  
d u r i n g  which thawing  and  c o n s o l i d a t i o n  w i l l  p r o g r e s s .  

E x p e r i e n c e  h a s  shown, however ,  t h a t  t h e  m a j o r  
p o r t i o n  o f  t h e  movements o c c u r  w i t h i n  a  y e a r  o f  t h e  s i t e  
p r e p a r a t i o n  work. T h i s  l e a d s  t o  a p r o c e d u r e  t h a t  h a s  
p roven  t o  be advan tageous  and economica l  f rom s e v e r a l  p o i n t s  
of  view i n  t h e  s i t e  deve lopment .  The s i t e  can  b e  c l e a r e d  i n  
t h e  s p r i n g  o f  t h e  f i r s t  y e a r  a n d  l e f t  exposed  d u r i n g  t h e  
f o l l o w i n g  summer. I n  t h e  f a l l  a mat o f  compacted s o i l  f rom 
3 t o  5 f e e t  i n  t h i c k n e s s  i s  p l a c e d  o v e r  t h e  b u i l d i n g  a r e a  
and  t h e  f o l l o w i n g  summer t h e  b u i l d i n g  i s  comple t ed .  The 
f o u n d a t i o n s  c a n  t h e n  be s p r e a d  f o o t i n g s  p l a c e d  on t h e  mat .  
It i s  u n r e a l i s t i c  t o  assume t h a t  a l l  s e t t l e m e n t s  w i l l  b e  
comple t ed  d u r i n g  t h e  one -yea r  p e r i o d ,  b u t  t h e  mat h a s  t h e  
e f f e c t  o f  r e d u c i n g  t h e  magn i tudes  o f  t h e  r e s i d u a l  d i f -  
f e r e n t i a l  s e t t l e m e n t s  t h a t  may d e v e l o p  f o l l o w i n g  c o m p l e t i o n  
o f  t h e  b u i l d i n g .  These can  f r e q u e n t l y  be accommodated by 
modest e x p e n s e  i n  s t i f f e n i n g  t h e  b u i l d i n g  f rame,  and u n d e r  
e x c e p t i o n a l l y  p o o r  c o n d i t i o n s  i t  i s  p o s s i b l e  t o  b u i l d  i n t o  
t h e  f o u n d a t i o n s  p r o v i s i o n  f o r  j a c k i n g  and  shimming t h e  
s t r u c t u r e  i f  t h e  d i f f e r e n t i a l  movements become i n t o l e r a b l e .  
I n  many c i r c u m s t a n c e s  t h e  u s e  of t h e  mat makes i t  p o s s i b l e  
t o  e l i m i n a t e  t h e  n e c e s s i t y  o f  t h e  ground f l o o r  b e i n g  a 
s t r u c t u r a l  s l a b .  

The problem f r e q u e n t l y  a r i s e s  as t o  t h e  s t a b i l i t y  
of  h i g h e r  embankments s u c h  as may be  i n v o l v e d  i n  e a r t h  dams 
o r  d i k e s ,  h i g h  r a i l r o a d  o r  highway f i l l s ,  e t c .  i f  t h e s e  a r e  
b u i l t  on r e t r o g r a d i n g  p e r m a f r o s t ,  o r  even  on s t a b l e  perma- 
f r o s t .  I n  a r e a s  o f  d i s c o n t i n u o u s  p e r m a f r o s t  i t  a g a i n  must 
be  a n t i c i p a t e d  t h a t  t h e  e f f e c t  o f  t h e  s t r u c t u r e  w i l l  b e  t o  
i n c r e a s e  t h e  r a t e  o f  d e t e r i o r a t i o n  o f  t h e  p e r m a f r o s t  and  
t h a t  w i t h i n  a y e a r  o r  two t h e  p e r m a f r o s t  w i l l  thaw below t h e  
s t r u c t u r e .  Dur ing  t h i s  p e r i o d ,  however ,  t h e  s t r u c t u r e  must 
be  c a p a b l e  o f  a s suming  s u b s t a n t i a l  d i f f e r e n t i a l  s e t t l e m e n t s .  

The c o n c e p t  o f  many e n g i n e e r s  i s  t h a t  u n d e r  s u c h  
c i r c u m s t a n c e s  comple t e  i n s t a b i l i t y  w i l l  d e v e l o p  w i t h i n  t h e  
zone o f  f r o z e n  s o i l  as i t  thaws and  t h e r e f o r e  a f o u n d a t i o n  



f a i l u r e  i s  i n e v i t a b l e .  T h i s  would be  t h e  c a s e  i f  t h e  mass 
o f  f r o z e n  s o i l  thawed i n s t a n t a n e o u s l y .  E x p e r i e n c e  h a s  
shown, however ,  t h a t  s u c h  a n t i c i p a t e d  f o u n d a t i o n  i n s t a b i l -  
i t i e s  d o  n o t ,  i n  f a c t ,  d e v e l o p .  The r e a s o n  f o r  t h i s  
a p p e a r s  t o  be  t h a t  t hawing  d e v e l o p s  s l o w l y  and a s  i t  p ro -  
g r e s s e s  c o n s o l i d a t i o n  and s t a b i l i z a t i o n  o f  t h e  r e c e n t l y  
thawed s o i l  a l s o  p r o c e e d s .  A r a t i o n a l  a n a l y s i s  t o  d e t e r m i n e  
t h e  minimum c o n d i t i o n s  o f  s t a b i l i t y  t h a t  w i l l  d e v e l o p  i s  
n o t  p o s s i b l e  w i t h  p r e s e n t  knowledge,  b u t  e x p e r i e n c e  i n  
s e v e r a l  s u c h  c i r c u m s t a n c e s  i n d i c a t e s  t h a t  i t  i s  v e r y  much 
more f a v o u r a b l e  t h a n  would r e s u l t  i f  t h e  f r o z e n  s o i l  were 
s u d d e n l y  c o m p l e t e l y  thawed.  The problem,  t h e r e f o r e ,  i n  t h e  
c o n s t r u c t i o n  o f  embankments on f r o z e n  s o i l  i s  n o t  one o f  
f o u n d a t i o n  s t a b i l i t y  w i t h i n  t h e  zone of  f r o z e n  s o i l ,  b u t  
r a t h e r  i s  one  o f  accommodating t h e  d i f f e r e n t i a l  movements 
t h a t  w i l l  d e v e l o p  d u r i n g  t h a w i n g  and s u b s e q u e n t  s o i l  con- 
s o l i d a t i o n .  

F i g u r e  1 shows c r a c k s  due t o  d i f f e r e n t i a l  move- 
ments  p roduced  on t h e  downstream s l o p e  o f  a  dam caused  by 
t h a w i n g  o f  p e r m a f r o s t  below t h e  s l o p e .  T h i s  dam was b u i l t  
p a r t i a l l y  on r o c k  and p a r t i a l l y  on r e t r o g r a d i n g  p e r m a f r o s t .  
The c r a c k s  shown d e v e l o p e d  t h e  y e a r  f o l l o w i n g  c o n s t r u c t i o n  
o f  t h e  dam. No ma in tenance  was done on t h e s e  c r a c k s  and  
t h e y  s u b s e q u e n t l y  a p p e a r  t o  have  been  s e l f - h e a l i n g .  

The pe r fo rmance  o f  t h i s  p a r t i c u l a r  dam, however ,  
p o i n t e d  up two a d d i t i o n a l  p e r t i n e n t  f a c t o r s .  One was t h a t  
a t  two l o c a t i o n s  " s i n k  h o l e s "  deve loped  on t h e  c r e s t .  
These  were  c i r c u l a r  d e p r e s s i o n s  a b o u t  4 o r  5 f e e t  i n  d i a -  
m e t e r  i n  which s e t t l e m e n t s  o f  t h e  o r d e r  o f  a  f o o t  o r  two 
o c c u r r e d  w i t h  a  s h e a r e d  f a c e  a round  t h e  p e r i m e t e r .  The 
s e c o n d  abnorma l  b e h a v i o r  i n v o l v e d  a t h i n  h o r i z o n t a l  s e e p a g e  
zone  t h r o u g h  t h e  dam o v e r  a l e n g t h  o f  20 t o  3 0  f e e t  caused  
by b r i d g i n g  o f  t h e  c r u s t  o f  s e v e r a l  f e e t  o f  f r o z e n  s o i l  
below t h e  c r e s t .  The r e s e r v o i r  was f i l l e d  a f t e r  f r e e z i n g  
t e m p e r a t u r e s  had  s e t  i n ,  and i t  a p p e a r e d  t h a t  a s  t h e  l i n e  o f  
s e e p a g e  r o s e  i n  t h e  embankment some s e t t l e m e n t  o f  t h e  newly 
s a t u r a t e d  s o i l  o c c u r r e d .  The zone o f  h o r i z o n t a l  s e e p a g e  
d e v e l o p e d  a l o n g  t h e  l i n e  o f  s e e p a g e .  It was p o s s i b l e  t o  
l o w e r  t h e  r e s e r v o i r  l e v e l  f o r  t h e  r ema inde r  o f  t h e  w i n t e r ,  
and  t h e  f o l l o w i n g  summer t h e  s e e p a g e  zone h e a l e d  i t s e l f  w i t h  
no  m a i n t e n a n c e  work b e i n g  done .  Obv ious ly ,  however ,  w i t h  
t h e  p o s s i b i l i t y  o f  such  d e f e c t s  o c c u r r i n g ,  t h e  u s e  o f  a  
zoned c r o s s - s e c t i o n  f o r  a  dam i n  s u c h  c i r c u m s t a n c e s  i s  much 
t o  b e  p r e f e r r e d  t o  a  homogeneous embankment o f  f i n e - g r a i n e d  
s o i l .  The zoned c r o s s - s e c t i o n  would have much s u p e r i o r  
s e l f - h e a l i n g  c h a r a c t e r i s t i c s  as compared t o  t h e  homogeneous 
f i l l .  



F i g u r e  2  shows a  l o n g i t ' u d i n a l  c r a c k  i n  a  c l a y  d i k e  
a b o u t  20 f e e t  h i g h  t h a t  was d e l i b e r a t e l y  b u i l t  on f r o z e n  
muskeg. A c o r e  s e c t i o n  was c u t  t h r o u g h  t h e  f r o z e n  muskeg 
d u r i n g  t h e  w i n t e r  and  b a c k f i l l e d  w i t h  c l a y .  The embankment 
was s u b s e q u e n t l y  b u i l t  on t h e  f r o z e n  s o i l .  The c r a c k s  
shown deve loped  t h e  f o l l o w i n g  summer and a r e  due t o  d i f -  
f e r e n t i a l  s e t t l e m e n t  be tween t h e  c l a y  f i l l e d  c o r e  and t h e  
t h a w i n g  muskeg. It i s  p e r t i n e n t  t o  n o t e  t h a t  no i n s t a b i l i t y  
d e v e l o p e d  i n  t h e  muskeg. No ma in tenance  work was done on 
t h e s e  c r a c k s .  They a p p e a r e d  t o  s e a l  t h e m s e l v e s  f o l l o w i n g  
s u r f a c e  r u n - o f f .  I n  t h i s  c a s e ,  t h e  c o n s t r u c t i o n  o f  t h e  
d i k e  on f r o z e n  muskeg a p p e a r e d  t o  r e s u l t  i n  more f a v o u r a b l e  
pe r fo rmance  t h a n  i f  i t  had been  b u i l t  u n d e r  summer c o n d i t i o n s  
w i t h  t h e  muskeg u n f r o z e n .  

F i g u r e  3 shows a r e p e a t e r  s t a t i o n  i n  which d i f -  
f e r e n t i a l  movements o f  22 i n c h e s  o c c u r r e d  between t h e  op- 
p o s i t e  ends  of  t h e  b u i l d i n g  due t o  thawing  o f  p e r m a f r o s t  i n  
o r g a n i c  s u b s o i l .  T h i s  i s  a n  example i n  which t h e  o r i g i n a l  
s i t e  i n v e s t i g a t i o n  d i d  n o t  d e t e c t  t h e  e x i s t e n c e  o f  perma- 
f r o s t .  One t e s t  h o l e  on t h e  b u i l d i n g  s i t e  i d e n t i f i e d  
4 f e e t  o f  o r g a n i c  s o i l  u n d e r l a i d  by "ha rd  t i l lu .  The t h i c k -  
n e s s  o f  o r g a n i c  s o i l  was c o r r e c t  a t  t h e  t e s t  h o l e ,  b u t  a t  
t h e  w e s t  end o f  t h e  b u i l d i n g  t h e r e  was no o r g a n i c  s o i l  
w h i l e  a t  t h e  e a s t  end  t h e r e  was 16  f e e t o f  o r g a n i c  m a t e r i a l .  
The f o u n d a t i o n  d e s i g n  p r o v i d e d  f o r  t h e  removal  o f  t h e  
o r g a n i c  s o i l  and i t s  r e p l a c e m e n t  w i t h  g r a v e l  b a c k f i l l .  The 
b u i l d i n g  i s  o n l y  30 by 60 f e e t  i n  p l a n ,  and t h e  d e s i g n  p ro -  
v i d e d  f o r  a l i g h t l y  r e i n f o r c e d  c o n c r e t e  f l o o r  s l a b  s u p p o r t e d  
on t h e  g r a v e l  b a c k f i l l i n g .  A l l  o f  t h e  o r g a n i c  m a t e r i a l  was 
n o t  removed a t  t h e  e a s t  end d u r i n g  c o n s t r u c t i o n  presumably  
b e c a u s e  t h e  s u b - c o n t r a c t o r  assumed t h a t  h e  had o n l y  
c o n t r a c t e d  t o  remove 4 f e e t ,  n o t  1 6  f e e t  o f  o r g a n i c  
m a t e r i a l .  

The b u i l d i n g  i s  n o t  l a r g e ,  and t h e  f i r s t  r e a c t i o n  
i s  t h a t  p o s s i b l y  t h e  most e x p e d i e n t  p r o c e d u r e  would be t o  
move i t  b o d i l y  t o  a  new f o u n d a t i o n .  It does  house  e x p e n s i v e  
equ ipmen t ,  however ,  and i t s  c o n t i n u o u s  o p e r a t i o n  i s  essential 
t o  t h e  o p e r a t i o n  o f  a n  i m p o r t a n t  communicat ions s y s t e m .  I t  
was t h e r e f o r e  d e c i d e d  t h a t  e f f o r t s  s h o u l d  be  made t o  improve 
t h e  e x i s t i n g  f o u n d a t i o n s .  

The f l o o r  s l a b  was n o t  s t r u c t u r a l l y  s t r o n g  enough 
t o  l i f t  i t  o f f  t h e  g round .  The f i r s t  s t e p ,  t h e r e f o r e ,  was 
t o  j a c k  needlebeams f rom t h e  s i d e  a c r o s s  u n d e r  t h e  s l a b .  
These  were shimmed a g a i n s t  t h e  bot tom o f  t h e  s l a b  and h e l d  
a t  t h e  ends  by a  new c o n c r e t e  edge  beam. A t  t h e  end o f  t h i s  
o p e r a t i o n  t h e  s l a b  was s t r u c t u r a l l y  c a p a b l e  o f  b e i n g  l i f t e d  



o f f  t h e  g round  and  s u p p o r t e d  as d e s i r e d .  Ten-inch d i a m e t e r  
p i p e  p i l e s  were t h e n  j a c k e d  down i n t o  t h e  u n d e r l y i n g  t i l l  
u n d e r  t h e  maximum l o a d  t h a t  c o u l d  be  deve loped  u s i n g  t h e  
b u i l d i n g  as t h e  r e a c t i o n .  These were s u b s e q u e n t l y  f i l l e d  
w i t h  c o n c r e t e ,  a n d  t h e  b u i l d i n g  was l e v e l l e d  by j a c k i n g  on 
t h e  new p i l e s .  

T e m p e r a t u r e s  t a k e n  a t  t h e  bot tom o f  t h e  b o r e h o l e s  
showed t h e  t e m p e r a t u r e  o f  t h e  t i l l  t o  be  below f r e e z i n g .  
T h e r e  was no  a s s u r a n c e  t h a t  t h e r e  was no i c e  s e g r e g a t i o n  i n  
t h e  t i l l  and  i n  v iew of  t h e  h i g h  end  b e a r i n g  p r e s s u r e  on 
t h e  p i l e s  i t  was a n t i c i p a t e d  t h a t  s e t t l e m e n t  o f  t h e  p i l e s  
migh t  o c c u r  i f  h e a t  f rom t h e  b u i l d i n g  u l t i m a t e l y  thawed t h e  
t i l l  a t  t h e  b a s e  o f  t h e  p i l e s .  It was n o t  c o n s i d e r e d  
d e s i r a b l e  t o  l e a v e  a s p a c e  f o r  o u t s i d e  a i r  c i r c u l a t i o n  
be low t h e  b u i l d i n g  because  o f  t h e  p o s s i b i l i t y  o f  m o i s t u r e  
c o n d e n s a t i o n  on t h e  f l o o r  i n s i d e  t h e  b u i l d i n g .  It was 
d e c i d e d  t h e r e f o r e  t o  make p r o v i s i o n  f o r  j a c k i n g  t h e  b u i l d i n g  
from t h e  new p i l e s  i f  f u t u r e  s e t t l e m e n t s  made t h i s  d e s i r a b l e .  

The d e t a i l s  o f  t h e  j a c k i n g  a r r angemen t  a r e  shown 
i n  F i g u r e  4 .  Th ree - foo t  l e n g t h s  o f  6 - inch  p i p e  were 
f a b r i c a t e d  w i t h  a  c a p  on t h e  t o p  t h r o u g h  which 2- inch  
d i a m e t e r  r o d s  2 f e e t  l o n g  were t h r e a d e d .  Two o f  t h e s e  6- 
i n c h  p i p e s  were  welded  t o  b r a c k e t s  on t h e  s i d e s  of  e a c h  
p i l e ,  a n d  i n  t h e  f i n a l  a d j u s t m e n t  of  t h e  l e v e l  of  t h e  
b u i l d i n g  t h e  t h r e a d e d  r o d s  were t u r n e d  up a g a i n s t  s t e e l  
b e a r i n g  p l a t e s  on t h e  bo t tom o f  t h e  c o n c r e t e  edge  beam. 
The a r r a n g e m e n t  o f  t h e  two 6- inch  p i p e s  on e a c h  s i d e  o f  t h e  
p i l e s  l e a v e s  room f o r  j a c k s  by which t h e  s l a b  can  be  r a i s e d  
and  t h e  t h r e a d e d  r o d s  a d j u s t e d  i n  t h e  f u t u r e  i f  n e c e s s a r y .  

T h i s  i n s t a l l a t i o n  h a s  now gone t h r o u g h  one summer 
and  two w i n t e r s .  A d d i t i o n a l  s e t t l e m e n t s  have  o c c u r r e d  
d u r i n g  t h e  summer a n d  some h e a v i n g  o c c u r r e d  d u r i n g  t h e  
s e c o n d  w i n t e r .  An a d j u s t m e n t  w i t h  t h e  j a c k s  was s u c c e s s -  
f u l l y  u n d e r t a k e n  d u r i n g  t h e  second  w i n t e r .  If thawing  o f  
t h e  . p e r m a f r o s t  be low t h e  b u i l d i n g  c o n t i n u e s ,  i n s u l a t i o n  
be tween  t h e  f l o o r  s l a b  and ground s u r f a c e  may be a d v i s a b l e .  

A l a r g e  v a r i e t y  o f  e n g i n e e r i n g  problems o c c u r  i n  
a r e a s  o f  d i s c o n t i n u o u s  p e r m a f r o s t .  It i s  n o t  p o s s i b l e  t o  
g e n e r a l i z e  on s o l u t i o n s  a p p l i c a b l e  t o  a l l  c i r c u m s t a n c e s .  
A b a s i c  knowledge o f  t h e  c o n d i t i o n s  t h a t  may e x i s t  i n  t h e  
s o i l  i n  zones  o f  r e t r o g r a d i n g  p e r m a f r o s t  i s  e s s e n t i a l ,  
however ,  f o r  a p r o p e r  s o l u t i o n  o f  t h e  r e s u l t i n g  e n g i n e e r i n g  
p r o b l e m s .  
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D i s c u s s i o n  

G . S . H .  Lock remarked t h a t  h e  i s  i n t e r e s t e d  i n  t h e  
r e f e r e n c e s  made by t h e  a u t h o r  t o  a n a l y t i c  methods o f  s o l v i n g  
p e r m a f r o s t  p rob lems .  H i s  main i n t e r e s t  i n  p e r m a f r o s t  i s  
h e a t  t r a n s f e r  and  i t  i s  s u r p r i s i n g  t h a t  c o m p a r a t i v e l y  few 
o f  t h e  p e o p l e  i n t e r e s t e d  i n  p e r m a f r o s t  t a c k l e  t h e  p rob lem 
f rom t h e  h e a t  t r a n s f e r  s t a n d p o i n t .  Whatever t h e  u l t i m a t e  
aims i n  s t u d y i n g  p e r m a f r o s t  and i t s  b e h a v i o u r ,  i t  i s  a h e a t  
t r a n s f e r  problem.  A c t u a l l y ,  i t  i s  n o t  r e a l l y  s u c h  a u n i q u e  
problem a s  i s  g e n e r a l l y  b e l i e v e d .  It i s  o n l y  one example o f  
c o n d u c t i o n  h e a t  t r a n s f e r  by c o n d u c t i o n  w i t h  change of 
phase .  The re  are many o t h e r  i m p o r t a n t  examples  o f  t h i s ,  
s u c h  a s  t h e  c a s t i n g  o f  m e t a l s ,  a b l a t i o n  o f  m i s s i l e s  d u r i n g  
r e - e n t r y ,  d e - i c i n g  o f  h e l i c o p t e r  b l a d e s ,  e t c .  These  a r e  
a l l  problems o f  t h e  same h e a t  t r a n s f e r  t y p e .  The p e r m a f r o s t  
p roblem i s  n o t  a n  e a s y  one t o  s o l v e  b u t  no  more, o r  l e s s ,  
d i f f i c u l t  t h a n  many o t h e r s ,  s u c h  as t h o s e  s t a t e d  above .  
Examina t ion  o f  r e c e n t  l i t e r a t u r e  on h e a t  t r a n s f e r  by con- 
d u c t i o n  w i t h  change  o f  p h a s e  r e v e a l s  t h a t  i n  t h e s e  o t h e r  
a r e a s ,  i n v e s t i g a t o r s  a r e  n o t  s o  r e l u c t a n t  t o  use  m a t h e m a t i c a l  
t e c h n i q u e s ,  and  t h e y  c o n t i n u e  t o  o b t a i n  u s e f u l  r e s u l t s .  I n  
t h e  p a s t ,  t h i s  r e l u c t a n c e  seems t o  have  b e e n  a s s o c i a t e d  w i t h  
t h e  d i f f i c u l t y  i n  measu r ing  t h e  v a l u e s  o f  t h e  v a r i o u s  
i m p o r t a n t  p a r a m e t e r s ,  such  a s  t h e r m a l  c o n d u c t i v i t y .  With 
t h e  s u p p o r t  o f  s u r v e y s  s u c h  a s  t h o s e  d e s c r i b e d  by 
R.J .E.  Brown, t h e r e  must be  a more d e l i b e r a t e  e f f o r t  t o  
t r e a t  t h e  problem a n a l y t i c a l l y  i n  o r d e r  t o  u n d e r s t a n d  t h e  
phenomenon more f u l l y  and improve t h e  a b i l i t y  t o  p r e d i c t  
i t s  b e h a v i o u r .  Lock a s k e d  t h e  a u t h o r  what i s  t h e  r o l e  of  
a n a l y t i c  methods i n  s o l v i n g  p e r m a f r o s t  p rob lems .  Methods 
i n c l u d e  m a t h e m a t i c a l  t e c h n i q u e s  i n v o l v i n g  e x a c t  s o l u t i o n s  
and n u m e r i c a l  s o l u t i o n s ,  a n a l o g u e  s o l u t i o n s ,  and small- 
s c a l e  e x p e r i m e n t a t i o n .  Next y e a r  t h e  Department  o f  
Mechan ica l  E n g i n e e r i n g ,  U n i v e r s i t y  o f  A l b e r t a  w i l l  b e  i n  a 
p o s i t i o n  t o  s t u d y  a  few problems u s i n g  t h e s e  t e c h n i q u e s .  
I n  p a r t i c u l a r  t h e  t h a w i n g  o f  ~ e r m a f r o s t  b e n e a t h  l a k e s  and  
r i v e r s  w i l l  b e  c o n s i d e r e d .  

The a u t h o r  r e p l i e d  t h a t  p e r m a f r o s t  r e s e a r c h  h a s  
n o t  b e e n  c a r r i e d  o u t  a t  t h e  U n i v e r s i t y  o f  A l b e r t a  s i n c e  
1949 b e c a u s e  f a c i l i t i e s  were n o t  a v a i l a b l e  t o  o b t a i n  
n u m e r i c a l  p a r a m e t e r s  which was t h e  n e x t  l o g i c a l  s t e p .  The 
U.S. Corps o f  E n g i n e e r s  i n i t i a t e d  i n v e s t i g a t i o n s  i n  1947 
and i t  h a s  d e r i v e d  s o l u t i o n s  on a s e m i - e m p i r i c a l  b a s i s .  



K.A. L i n e 1 1  added t h a t  CRREL s u p p o r t e d  s t u d i e s  a t  
t h e  M a s s a c h u s e t t s  I n s t i t u t e  o f  Technology f rom 1950 t o  1955.  
CRREL h a s  d e r i v e d  s e m i - e m p i r i c a l  methods o f  a n a l y s i s  which 
r e p r e s e n t  some c o m p r i s i n g  b u t  t h e y  a r e  s a t i s f a c t o r y  f o r  
e n g i n e e r i n g  p u r p o s e s .  These  have been  supp lemen ted  by 
e l e c t r i c  and  h y d r a u l i c  a n a l o g u e  computer  programmes. These 
programmes were  u s e d  by t h e  Canadian  Department  o f  T r a n s p o r t  
i n  t h e  d e s i g n  o f  t h e  a i r f i e l d  i n  I n u v i k ,  N.W.T. A manual 
i n  e x c e s s  o f  100 p a g e s  i s  p r e s e n t l y  b e i n g  p r e p a r e d  f o r  
e n g i n e e r s  by t h e  Corps o f  E n g i n e e r s  c o n t a i n i n g  m a t h e m a t i c a l  
me thods ,  t a b l e s ,  and  d i r e c t  a n a l y t i c a l  s o l u t i o n s  f o r  b u i l d -  
i n g  f o u n d a t i o n  and  a i r f i e l d  d e s i g n .  

R . M .  Hardy s t a t e d  t h a t  t h e r e  i s  no problem t o  
s o l v i n g  a m a t h e m a t i c a l  p roblem b u t  knowledge o f  t h e  a c c u r a c y  
of t h e  p h y s i c a l  p a r a m e t e r s  u s e d  i n  t h e  problem i s  r e q u i r e d .  
The d e p t h  o f  f r o s t  p e n e t r a t i o n  c a n  b e  o b t a i n e d  b u t  i n  t h e  
d i s c o n t i n u o u s  zone  where p e r m a f r o s t  i s  i n  a d e l i c a t e  t h e r m a l  
s t a t e ,  i t  i s  d i f f i c u l t  t o  a s s i g n  v a l u e s  t o  s u c h  p a r a m e t e r s  
a s  t h e r m a l  c o n d u c t i v i t y .  K.A. L i n e l l  remarked t h a t  CRREL 
u s u a l l y  u s e s  K e r s t e n f s  d a t a .  These  v a l u e s  a r e  approx ima te  
b u t  CRREL c a n  d e t e r m i n e  p r e c i s e  t h e r m a l  c o n d u c t i v i t y  v a l u e s  
if n e c e s s a r y .  T h i s  i s  se ldom done because  o f  t h e  h i g h  c o s t  
i n v o l v e d .  Hardy a s k e d  how CRREL h a n d l e s  d e g r e e  days  o f  
f r e e z i n g  and  t h a w i n g ,  and t e m p e r a t u r e  f l u c t u a t i o n s .  
K.A. L i n e l l  r e p l i e d  t h a t  d e g r e e  days  a r e  d i f f i c u l t ;  f o r  
example ,  a change  o f  50 d e g r e e  days  i s  p o s s i b l e  w i t h i n  a 
few m i l e s  i f  changes  i n  r e l i e f  o r  some o t h e r  f a c t o r  o c c u r .  
Thus e r r o r s  c o u l d  be  i n t r o d u c e d  i f  d a t a  f rom a w e a t h e r  
s t a t i o n  1 0  miles d i s t a n t  were u s e d .  I n s t r u m e n t s  would be  
r e q u i r e d  a t  e a c h  s i t e  which r a i s e s  t h e  q u e s t i o n  o f  how much 
money i s  a v a i l a b l e  t o  pay f o r  t h e  r e q u i r e d  i n f o r m a t i o n .  The 
d e p t h  o f  thaw c a n  be  e s t i m a t e d  w i t h i n  6 t o  9  i n c h e s  b u t  
c o n d i t i o n s  v a r y  f rom y e a r  t o  y e a r .  F r e e z i n g  i n d e x  v a l u e s  
are b a s e d  on a minimum o f  10 y e a r s  o f  o b s e r v a t i o n s .  If 
v a l u e s  a r e  o n l y  a v a i l a b l e  f o r  one y e a r ,  t h e n  t h e y  a r e  c o r -  
r e l a t e d  w i t h  r e c o r d s  o f  nea rby  s t a t i o n s .  

G .  L u t z  a s k e d  w h e t h e r  ana logue  methods a r e  
c a r r i e d  o u t  f rom t h e  one o r  t h r e e - d i m e n s i o n a l  p o i n t  o f  
v i e w .  K.A. L i n e l l  r e p l i e d  t h a t  most a n a l o g u e s  a r e  one- 
d i m e n s i o n a l  b u t  t h e y  can  be  expanded t o  t h r e e .  

O.F. Simonsen f e l t  t h a t  ana logue  computers  d o  n o t  
p r o v i d e  t h e  s o l u t i o n .  They a r e  v e r y  c o m p l i c a t e d  and few 
o r g a n i z a t i o n s ,  c o n s u l t i n g  e n g i n e e r s ,  e t c . ,  have  them a v a i l -  
a b l e .  He a s k e d  what r e q u i r e m e n t  t h e r e  i s  f o r  programs and 
wondered i f  n u m e r i c a l  a n a l y s e s  would be b e t t e r .  Do t h e  o i l  



companies  have  any demand? The a u t h o r  r e p l i e d  t h a t  t h e  
U.S. Corps o f  E n g i n e e r s  h a s  p u b l i s h e d  n u m e r i c a l  s o l u t i o n s  
o f  p rob lems .  These a r e  q u i t e  s u i t a b l e  now b u t  t h e  demand 
f o r  computer  programs w i l l  i n c r e a s e .  A t  p r e s e n t ,  computer  
programs a r e  v e r y  e x p e n s i v e .  

R . A .  Hemstock a s k e d  what would be  t h e  maximum 
d e p t h  t h a t  p e r m a f r o s t  would be  e n c o u n t e r e d  i n  a r e a s  o f  
r e c e d i n g  p e r m a f r o s t .  He a s k e d  a l s o  whe the r  t h e r e  a r e  c a s e s  
o f  p e r m a f r o s t  a t  g r e a t  d e p t h  which i s  r e c e d i n g .  Hardy 
r e p l i e d  t h a t  i c e  c r y s t a l s  had  been  found t o  d e p t h s  o f  
60 f e e t  i n  a r e a s  where p e r m a f r o s t  had n o t  been e x p e c t e d .  
T h i s  i c e  was t h e  l a s t  remnant  o f  p e r m a f r o s t  i n  t h e  a r e a .  
The re  i s  e v i d e n c e  t h a t  f r o z e n  zones  a l t e r n a t e  w i t h  u n f r o z e n  
zones .  Hardy r e p o r t e d  t h a t  he had  n e v e r  r u n  i n t o  c o n d i t i o n s  
where i t  c o u l d  be conc luded  t h a t  t h e  f r o z e n  zone had 
m i g r a t e d  downwards i n  t h e  p r o c e s s  o f  e q u i l i b r i u m  c o n d i t i o n s  
d e v e l o p i n g  unde r  t h e  p r e s e n t  t e m p e r a t u r e  reg ime.  

R . A .  Hemstock a l s o  a s k e d  t o  what d e p t h  i n v e s t i g a -  
t i o n s  s h o u l d  be conduc ted  t o  o b t a i n  p e r m a f r o s t  i n f o r m a t i o n  
r e q u i r e d  f o r  e n g i n e e r i n g  d e s i g n  p u r p o s e s .  R.J .E.  Brown 
remarked  t h a t  t h e  p e r m a f r o s t  t h a t  h e  d e s c r i b e d  i n  h i s  p a p e r  
y e s t e r d a y  was c l o s e  t o  t h e  ground s u r f a c e .  It i s  v i r t u a l l y  
i m p o s s i b l e  t o  d e t e c t  p e r m a f r o s t  a t  d e p t h  w i t h o u t  s u b s u r f a c e  
i n v e s t i g a t i o n s  because  o f  t h e  l a c k  o f  s u r f a c e  i n d i c a t o r s .  
G . H .  J o h n s t o n  added t h a t  t h e  e x i s t e n c e  o f  p e r m a f r o s t  i s l a n d s  
a t  d e p t h s  o f  1 5  t o  20 f e e t  s u c h  as t h o s e  a t  Thompson, 
Man i toba ,  c o u l d  n o t  be  p r e d i c t e d  by s u r f a c e  f e a t u r e s  s u c h  
as v e g e t a t i o n .  He added t h a t  i n v e s t i g a t i o n s  s h o u l d  be  
e x t e n d e d  t o  a  d e p t h  e q u a l  t o  t h e  d imens ions  of  t h e  b u i l d i n g  
b e i n g  d e s i g n e d  and a l s o  t o  t h e  d e p t h  o f  c l i m a t i c  i n f l u e n c e s .  
These  v a r y  from one a r e a  t o  a n o t h e r  b u t  one might  t h i n k  i n  
t e r m s  o f  e x p l o r a t i o n  t o  a  d e p t h  o f  20  f e e t .  A t  Thompson 
t h i s  was r a t h e r  c r i t i c a l  b e c a u s e  i t  was found t h a t  some 
houses  were b u i l t  on p e r m a f r o s t  i s l a n d s .  The q u e s t i o n  
a r o s e  a s  t o  how s u b s e q u e n t  b u i l d i n g  f a i l u r e s  c o u l d  be  
a v o i d e d .  R e g u l a t i o n s  were e s t a b l i s h e d  which r e q u i r e d  t h e  
c o n t r a c t o r  t o  c a r r y  o u t  a n  i n v e s t i g a t i o n  on each  l o t ,  
c o n s i s t i n g  o f  a  h o l e  a t  e a c h  o f  t h e  c o r n e r s  and a t  t h e  
c e n t r e  o f  t h e  b u i l d i n g  s i t e .  These  h o l e s  were p u t  down t o  
a d e p t h  o f  a b o u t  20 f e e t .  If p e r m a f r o s t  was found ,  t h e  l o t  
was l e f t  v a c a n t .  F o r  l a r g e r  b u i l d i n g s ,  i t  might  be  d e s i r -  
a b l e  t o  p u t  down t e s t  h o l e s  t o  a d e p t h  e q u a l  t o  t h e  w i d t h  
o f  t h e  b u i l d i n g .  


