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INTRODUCTION 

(1) The meeting was opened by M r .  Legget who welcomed 
those present  on behalf of Mr.-. C.L. Mer r i l l  and himself.  H e  
explained t h a t  the purpose of the  meeting was t o  provide a 
broad genera l  review of the resea rch  work which had been done 
i n t o  permafrost no t  only i n  Canada but a l s o  i n  Alaska. It 
was, the re fo re ,  a  spec i a l  p leasure  t o  welcome the American 
gues t s  present  and t o  note  t h a t  they included some of those 
most exper t  i n  permafrost knowledge i n  North America. 

( 2 )  M r .  Legget explained f o r  the bene f i t  of the gues t s  
the  opera t ion  of the National  Research Council and i t s  severa l  
func t iona.  Ha out l ined  the work of Associate Conrmf t t e e s ,  under 
t h e  auspices  of one of whfch t h i s  meeting was being held ,  He 
then  described b r i e f l y  the  work of the e igh t  Research Divis ions  
of t h e  Council, f i n i s h i n g  with an ou t l i ne  of the spec i a l  f unc t i ons  
of the Division of Building Research. 

( 3 )  One of these i s  n a t u r a l l y  the  problem of bu i ld ing  i n  
Northern Canada and f t  i s  t h i s  p r a c t i c a l  r e s p o n s i b i l i t y  t h a t  
has  l e d  t h e  Division i n t o  i t s  s t u d i e s  of peymafrost. I n  order  
t o  a s s i s t  t h i s  work and t o  serve  bu i ld ing  resea rch  i n  t h e  North 
genera l ly ,  the Divis ion  has a Northern,Research S t a t i o n  a t  Norman 
Wells. NIr. Legget ind ica ted  t h a t  o the r  sclerkt i s t s  would always 
be welcome a t  t h i s  S t a t i o n  and t h a t  he hoped one r e s u l t  of t he  
meeting would be more v i s i t o r s  a t  t h i s  nor thern  outpost  of the  
Division of Building Re search. 

(4) F ina l ly ,  M r .  Legget ind ica ted  t h a t ,  even i n  the  
p r a c t i c a l  work of bui ld ing  research ,  s c i e n t i f i c  a spec t s  of 
permafrost had not  been forgot ten .  I t  was the re fo re  hoped 
t h a t  the day would r e s u l t  i n  a  genera l  review of both  p r a c t i o a l  
and fundamental s t u d i e s  of permafrost and assoc ia ted  phenomena, 
n o t  only i n  North America, but  with some thought t o  cond i t ions  
i n  o the r  countr ies .  It was planned t o  ask  each person p resen t  
t o  o u t l i n e  what they  knew of permafrost r e sea rch  and t o  devote 
t he  af ternoon t o  a  genera l  d iscuss ion  based on these  f a c t u a l  
statements.  

SUMMARY OF INDIVIDUAL REPORTS - 
( 5  The f o l f  owing no tes  summarize the s t a  ternents than 
made by a l l  of those a t t end ing  the  Conference, Names and 
a f f i l i a t i o n s  a r e  l i s t e d  i n  A endix  A ,  Wherever poss ib le ,  
r e fe rences  t o  pub l i ca t ions  k i n d i c a t e d ,  end a r e  l i s t e d  
i n  Appendix B. 



( 6 )  J.A.. Pihla inen L. reviewed t he  h i s t o r y  of the  resea rch  - 
program of the ~ m s i o n  of Building Research, s t a r t i n g  w i t h  
t he  survey of bui ld ings  i n  t he  Mackenzie River Valley during 
1950 ( a ) , *  and t he  Division 's  p a r t i c i p a t i o n  i n  the  1951 Purdue 
a i rpho to  i nves t i ga t i ons  i n  the  same reg ion  ( b ) ,  I n  1952, t h e  
Northern Research S t a t i o n  was e s t ab l i shed  a t  Norman Wells and 
i t s  subsequent development was out l ined.  

( 7 )  +JH. Johnston - explained t ha t  one of the f irst  f i e l d  
p r o j e c t s  of the S t a t i on ,  s t a r t e d  i n  1953, was experimental work 
on d r i l l i n g  and sampling permafrost. This e a r l y  work was soon 
app l i ed  i n  the explora tory  boring program a t  o ld  Alrlavik ( c ) .  
He desuribed t he  s i t e  i nves t i ga t i on  work c a r r i e d  out  on t h e  
Aklavik survey under the  following headings: a i rpho to  i n t e r -  
p r e t a t i on ,  t e r r a i n  s t ud i e s ,  d r i l l i n g  and sampling, He a l s o  
discussed b r i e f l y  t h e  Div i s ion ' s  i n t e r e s t  i n  the  development of 
l i g h t  explora tory  d r i l l i n g  equipment and methods f o r  d r i l l i n g  
and sampling i n  pe renn ia l ly  f rozen  ground. 

( 8 )  C.L. M e r r i l l  - then  desoribed t h e  planning of t h e  survey 
f o r  the new s i t e  f o r  the  town of Aklavik, with which he had 
been connected a s  p ro jec t  l eader ,  He explained how the team 
had been organized, how t h e  i n i t i a l  examination of a e r i a l  photo- 
graphs was ca r r i ed  out a t  the Building Research Centre in  Ottawa 
and how t h i s  permit ted t h e  planning of a  very inc lus ive  f i e l d  
survey dur ing  t h e  sho r t  working season. He ou t l ined  the  l o g i s t i c s  
of the opera t ion  which were qu i t e  unusual i n  view of the l o c a t i o n  
of the  a rea  t o  be s tudied  and the  l i m i t a t i o n s  of t r a n s p o r t a t i o n a  
He summarized the f i e l d  s t ud i e s  a t  the four  s e l ec t ed  sites and 
explained how "~as t -Three"  was f i n a l l y  s e l ec t ed  ( d )  

( 9 )  J.A. Pihla inen - out l ined  t he  oppor tuni ty  t h a t  the  cons t ruc t ion  
of a  completely new town presented f o r  a study of t he  e f f a c t s  of 
cons t ruc t ion  on permafrost and described the  d e t a i l s  of p r o j e c t s  
t h a t  t he  Divis ion  i s  now ca r ry ing  out a t  East-Three, These 
include s t ud i e s  of t e r r a i n ,  roads,  bu i ld ing  fo undatf ons, and run- 
wayse 

(10)  R.F. Le- - descr ibed one of  the  e a r l i e s t  i nves t i ga t i ons  
of t h e  Division of Building Research i n  connect ion with t he  
d i s t r i b u t i o n  of permafrost i n  Canada which was c a r r i e d  out  a t  
Uranium City,  Saskatchewan. A n  inqu i ry  had been rece ived f r o m  
the  Department of Natural  Resources of the Province of Saskatchewan 
when the new townsi te  of Uranium Ci ty  was being planned. Since 
i t s  l oca t i on  i s  on t h e  no r th  shore of Lake Rthabasca, it was a t  
f i r s t  concluded t h a t  the re  could not  be permafrost a t  t h i s  si.ts. 

* L e t t e r s  i n  b racke t s  r e f e r  t o  r e fe rences  l i s t e d  i n  Appendix B, 



Fie ld  s t ud i e s ,  however, had shown t h a t  the re  was indeed perma- 
f r o s t  i n  some loca t ions ,  a l though r e l a t i v e l y  shallow i n  depth, 
probably not going deeper than  35 f e e t .  S o i l  temperature 
measurements had been made i n  the  f i e l d .  S tud ies  were continued 
and i t  was hoped even tua l ly  t o  pub l i sh  a  papor on the  f i nd ings  
of t h i s  loca t ion ,  s ince  i t  i s  so  obviously on the  southern 
border of permafrost ( 8 ) .  

(11) H.B. Dickens - out l ined  the recen t  r eorgan iza t ion  of t h e  
~ i v i s i o n f  s nor thern  r e s p o n s i b i l i t i e s  which now encompass t he  
broader f i e l d  of build in^ i n  the  North i n  add i t i on  t o  inc luding - 
work on permafrost. Mr.-~ickens introduced M r .  P. J. Williamso 
who had r e c e n t l y  joined t he  s t a f f  of the  Northern Building 
Seotion, wi th  i n t e r e s t s  i n  sol i f luct ion and pa t t s r n e d  ground. R e  
mentionod one p r o j e c t  t h a t  t h e  Sect ion  was c u r r e n t l y  planning 
f o r ,  concerned with the s tudy of dyke cons t ruc t ion  a t  the  new 
Kelsey Generating S t a t i o n  being cons t ruc ted  on the Nelson River  
i n  nor thern  Manitoba. He pointed out t h i s  was i n  an a rea  of 
sporadic permafrost and j o i n t l y  w i t h  Mr. G.H. Johnston and 
D.C. Pearce, ou t l ined  t he  problem in  some d e t a i l .  

(12 ) L. J. Chapman - mentioned the i n t e r e s t  of t he  Ontar io Research 
Foundation i n  evapo t ransp i ra t ion  s t u d i e s  a t  Norman Wells and drew 
a t t e n t i o n  t o  the importance of these  s t u d i e s  i n  r e l a t i o n  t o  the 
energy balance i n  f rozen  s o i l  ( f ) .  

(13) D. Lane - emphasized the  engineer ing  problems of a i r s t r i p  
conat- i n  permafrost a r e a s  and r e l a t e d  t h i s  t o  the need 
f o r  design c r i t e r i a  wi th  r e spec t  t o  the  f i l l  r equ i red  t o  prevent 
degradat ion of the permafrost i n  a i r f i e l d  cons tm~c t i on .  He a l s o  
mentioned the problems imposed by permafrost on water supply 
and sewage d i sposa l  i n  the North a t  the  necessary l i v i n g  q u a r t e r s  
which always had t o  be assoc ia ted  with nor the rn  a i r p o r t s .  

(a) J.K. Fraser  - s a i d  t h a t  the  Geographical Branch of t h e  
Department of ~ i ' n e s  and Technical Surveys has been e s t ab l i shed  
f o r  t e n  years ,  during which period they  had had t h i r t y  f i e l d  
p a r t i e s  i n  the Arct ic ,  involved i n  reg iona l  s t ud i e s  of t e r r a i n  
a n a l y s i s  ( g ) .  He sa id  t ha t  they had reached the  s tage  when 
more d e t a i l e d  and continuing work would be c a r r i e d  out i n  
spec if i c  l oca t i ons ,  He ind ica ted  t h e i r  i n t e r e s t  i n  pa t t e rned  
ground and subso i l  condi t ions  and repor ted  t h a t ,  t o  f a c i l i t a t e  
t h i s  work, they were cons9dering establ ishment  of a nor the rn  
r e  search  l abora to ry  i n  the  Arctio. 

(15) K.A. Line11 - repor ted  t h a t  the U . S .  Army i s  respons ib le  
f o r  a l l  Army end most U.S. A i r  Force cons t ruc t ion  i n  t he  North* 
The U.3 .  Corps of Engineers e s t ab l i shed  the  F'rost E f f e c t s  
Laboratory i n  1944 and the St .  Paul Pernnfrost  Divis ion i n  1945. 



These l::ere consol idated I n  Boston i n  1953 i n t o  what i s  knortn 
a s  t h e  Arc t i c  Construct ion and Fros t  E f f ec t s  Laboratory, Tho 
p r i n c i p a l  i n t e r e s t  of t he  Laboratory i s  the  detormjnation of 
engineer ing  design c r i t e r i a  f o r  m i l i t a r y  cons t ruc t ion  (h) , 
I t  does not include s t u d i e s  of snow and i c e o  kIr. L i n c l l  s a i d  
t h a t  t h e i r  s t ud io s  were carx*:ied out i n  throe phases: 

( i )  Fie ld  i nves t i ga t i ons  of e x i s t i n g  s t r u c t u r e s  

(ii) F i e l d  t e s t  i n s t a l l a t i o n s  such a s  the p i l e  
s t u d i e s  a t  Fairbanks 

(iii) Cold room snd t h e o r e t i c a l  s t u d i e s  i n  t h e  
l abora to ry  deal ing  wi th  thern~odynamics and 
hea t  f low ane lys ia ,  I n  such heat  flow 
s tud i e s ,  they are u t i l i s i n g  two analogue 
cornputor s o  

They a r e  measuring ground temperatures  a t  about two 
hundred l oca t i ons  i n  Alaska and Greenland, P i l e  t e s t s  a t  Fairbanks, 
s t a r t e d  i n  1953, have pointed out t h e  d i f f i c u l t i e s  of ins t rumenta t ion  
and the need f o r  f u r t h e r  work on t h e  ins t rumenta t ion  phase. They 
a r e  s tudying t h e  e f f e c t s  of r a d i a t i o n  and .snow cover on t h e  dopth 
of f r o s t  pene t ra t ion  a s  appl ied  t o  the performance of va r ious  
s t r uc tu r e s .  

Cold room s t u d i e s  include work on t he  e f f e c t  of f i n e -  
and coarse-grained m a t e r i a l s  on f r o s t  ac t ion .  Some twelve t o  
f i f t e e n  va r i ab l e s  have t o  be i nves t i ga t ed  Ln t h i s  phaaoo Heat 
f low s t u d i e s  include both  t h e o r e t i c a l  l abora to ry  resea rch  a n d  a l s o  
a c t u a l  f i e l d  work. Their  s t u d l e s  had t o  encompass cons t ruc t i on  i n  
the  worst permafrost condit ions,  s ince  m i l i t a r y  r e  quirem.ont s d id  
no t  always perr:lit s e l e c t i c n  of b e t t e r  s i t e s o  He suggostod t h a t  
t h e i r  experience had ind ics  tod cons t ruc t  ion  i n  t h e  Sub-Arctic 
posed more se r ious  engineering problems than  i n  tho  Far North. 

(16)  \V.K.W, Ealdnin - expressed h i s  p leasure  a t  baing a t  the 
meeting and s t a t e d  t h a t  Dr, Por s i l d  v~ould have been present  bu t  
f o r  h i s  absence i n  Russia. The bo t an i ca l  s t a f f  a t  the  National  
Museum a r e  i n t e r e s t ed  i n  permafrost a s  r e l a t i n g  t o  Arc t i c  vcge- 
t a t i o n ,  They had no s p e c i f i c  s t u d i e s  of permafrost but  in  
connection wi th  Dr .  P o r s i l d l s  worlc on the f l o r a  of tho Arct io ( i)  
end h i s  ovm s t u d i e s  i n  the  lov~lands  southv~ost  of Hudson Bay (j), 
t h ey  had socn tihe i n t e r - r e l a t i o n  of permafrost and vegetat ion.  
He mentioned h i s  i n t e r e s t  i n  Norwegian s t u d i e s  of p l a n t  and 
species  communities i n  r e l a t i o n  t o  such f a c t o r s  a s  snow cover and 
f r o s t  i n t ens i t y .  



( 1 7 )  D r .  Y.0" F o r t i e r  - repor ted  on s t u d i e s  of permafrost c a r r i e d  
out  by tho G-eoloGicaT Survey of Canada ( k ) r  Viibhin t e n  yea r s ,  the 
bedrock geology of t he  Arc t i c  i s l a n d s  i s  t o  be completed and 
wi th in  f i v e  years ,  t h e  mainland geology from the  Mackenzie River 
t o  Hudson Bay w i l l  be completed, He mentioned b r i e f l y  t he  work 
of t h e i r  P l e i a  tocone Sect ion  and a l s o  the Engineering Geology 
Sec t ion  (formerly the  Ground Water Sec t ion) .  They a l s o  have a 
Geochemistry Sect ion  whfch, while not  d i r e c t l y  concerrlod wi th  
permafrost,  may be ab le  t o  give u se fu l  information i n  p e m a f r o s t  
s tudies .  

(18)  H.E. Neal - mentioned t h a t  a t  Knob Lake, t h e  I ron  Ore Company 
of Canada have encountered pa t t e rned  ground on the uplands a t  
e l eva t i ons  of 2,400 t o  2,500 f e e t ,  They have i n s t a l l e d  f i f t e e n  
thermocouples i n  bore holes ,  I n  t h e  mining operat  ion the  main 
problem a r t s e s  i n  b l a s t i n g  the f rozen  ground. Thermocouple readings  
i nd i ca t e  g r e a t e s t  depth of permafrost t o  be about 150 f e e t .  He 
mentioned the  d i f f i c u l t y  of determining by thermocouple measurement 
where the ground i s  frozen,  s ince  the  grouncl temperatures a r e  
c lose  t o  32OF, 

(19) Prof ,  J. Brian Bird - t o l d  of t h e  Knob Lake Sub-&.rctic 
Research S t a t i o n  of h l c ~ 1 1  Univers i ty  whore the re  a r e  normally 
f o u r  o r  f i v e  s tuden t s ,  wi th  ~ r o f e s s o r  Ives  f n  charge. The 
S t a t i o n  i s  p r imar i ly  concerned w i t h  meteorological  work, a l though 
many s t u d i e s  of a geomorphological na tu re  a r e  being made (1). 
Snow banks and the  processes occurr ing i n  them a r e  a n  oxamplo, 
The use of the S t a t i o n  by o the r  i n t e r e s t e d  persons i s  welcomed. 
Prof ,  Bird s a id  t h a t  he was p a r t i c u l a r l y  i n t e r e s t e d  i n  hea t  
exchange between the  a i r  and the ground. He i s  a t  p resen t  working 
on a physiography of the  Sub-Arctic from t h e  Mackenzie River t o  Hudson 
Eay, where s t ud i e s  a r e  being c a r r i e d  out on s u p e r f i c i a l  depos i t s ,  
t h a t  i s ,  lime stone and the bouldery upland surf  ace depos i t s  . 
( 20 )  A.T. Belcher - described the genera l  i n t o r e s t  i n  permafrost 
r e sea rch  of the Arct ic  I n s t i t u t e  of North America of which he i s  t he  
Executive Direc tor .  He explained t h a t  t he  I n s t i t u t e  i s  an  
i n t e r n a t i o n a l  organiza t ion  drawing t he  members of i t s  Board of 
Governors equa l l y  from Canada and the United S ta tes .  It mainta ins  
a l i b r a r y  a t  i t s  headquarters  i n  Montreal but  i t s  main a c t i v i t y ,  
i n  add i t  ion t o  publ ish ing  l tA~CT1c" ,  i s  channel l ing  funds t o  
r e s ea r ch  workers f o r  r e sea rch  work i n  the  Arct ic ,  M r .  Belcher 
promised a l l  t he  a s s i s t ance  t h a t  t h e  Arc t i c  I n s t i t u t e  could 
render  t o  the  f u t u r e  development of pornlafrost r e s ea r ch  i n  Canada, 



(21) D r .  A.L. Washburn - a f t e r  being spec i a l l y  welcomed by the 
Chairman, since he had come t o  the meeting almost immediately 
following h i s  r e t u r n  from Antarctica, explained tha t  he had 
become espec ia l ly  i n t e r e s t ed  during recent  years  i n  geomorphological 
s tud ies  i n  the Arctiu (m). During the l a s t  year o r  two, he had 
been working i n  Greenland ( n )  and h i s  s tud ies  there  had aroused 
h i s  i n t e r e s t  i n  the  quan t i t a t i ve  aspec t s  of s o l i f l u c t i o n  and mass 
wasting. He mentioned the co r r e l a t i on  of botanical  s t u d i e s  under 
D r .  Hugh Raup with h i s  own s tud ies  of frozen ground. 

Dr .  Washburn next described b r i e f l y  some of t h e  th ings  
he had seen during h i s  recent  v i s i t  t o  the Antarctic.  I n  the 
hcMurdo Sound area,  there i s  an absence of snow and i ce  during 
some p a r t s  of the year. He had noticed t h a t  pat terned ground seems 
t o  be more prevalent on s teep  slopes i n  the Antarctic, He proceeded 
t o  give some c  ornparative notes between surf  ace evidence of perma- 
f r o s t  i n  the Arctiu and the Antarct ic .  

(22) P.J. Williams - described the s tud ies  t h a t  he had c a r r i e d  
out i n  Norway i n t o  s o l i f l u c t i o n  problems on thawing slopes ( 0 ) .  
He mentioned-that he had r ecen t ly  joined the  ~ i v i s $ o n  of Building 
Research and hoped t o  ca r ry  out s imi la r  s tud i e s  i n  northern p a r t s  
of Canada, poss ibly  a t  Knob Lake. 

( 2 3 )  D r .  J. Ross Mackax - described sporadic permafrost which he 
had s tudied i n  the Mount Garibaldi  are4 of B r i t i s h  Columbia i n  
which he had ca r r i ed  out f i e l d  invest igat ions .  , He mentioned h i s  
spec i a l  i n t e r e s t  i n  buried organic l aye r s  which had been found 
i n  permafrost i n  the  northwestern pa r t  of Canada ( p ) .  

(24)  R.A. Hemstock w mentioned the poss ible  use of seismic methods 
i n  permafrost and t h e i r  p o t e n t i a l  use f o r  inves t iga t ion ,  not ing 
t h a t  the v e l o c i t y  of sound waves i n  frozen ground i s  m c h  higher 
than i n  unfrozen ground. He voiced p a r t i c u l a r  i n t e r e s t  i n  the  
d i f  f ' i cu l t i e s  of overland t ranspor ta t ion  i n  permafrost areas.  He 
next described b r i e f l y  h i s  e a r l y  s tud i e s  of permafrost a t  Norman 
Wells, N.W.T. (q ) .  He mentioned current  i n t e r e s t  of the  o i l  
companies of Canada i n  overland t ranspor ta t ion  problems, e spec i a l l y  
i n  muskeg areas ,  and pointed out t h a t  t h i s  problem was r e l a t e d  
a l s o  t o  permafrost condit ions,  e spec i a l l y  near t h e  southern boundary 
of permafrost. A t  the  Chairman's request ,  he gave some general  
d e t a i l s  of the extent  of bush road const ruct ion f o r  current  o i l  
explora t ion i n  western Canada ( r  ). 

(25)  M. F u c h s b e r ~  - described the work being done by the Snow, 
Ice  and Permafrost Research Establishment of the U.S. Corps of 
Engineers, explaining t h a t  SIPRE had taken over the permafrost 



r e sea roh  work which had been s t a r t e d  under the  U.S. Corps of 
Engineers,  through i t s  St .  Paul  Div i s iona l  Off ice,  This e a r l y  
work had l e d  t o  the  establ ishment  of e n  experimental  rosea rch  
a rea  a t  Fairbanks,  Alaska, and observat ions  were s t i l l  cont inuing 
a t  t h i s  loca t ion .  M r .  F'uchsberger expla ined  t h a t  SIPRE i s  
beconling more concerned w i t h  f u n d a n i e n t ~ l  A r c t i c  problems, 
e s p e c i a l l y  those  involv ing  the  use and e f f e c t s  of exp los ives  
i n  f rozen  ground. They were a c t i v e l y  pursuing s t u d i e s  of s p e c l a 1  
d r i l l i n g  methods i n  permafrost  and expect  t o  be c a r r y i n g  ou t  f i e l d  
work i n  t h i s  connect ion i n  Alaska i n  1958. They w i l l  s tudy t h e  
use  of d i f f e r e n t  media f o r  c i r o u l a t i n g  f l u i d ,  such a s  o i l  and 
compressed a i r  and a l s o  experinlent w i t h  d i f f e r e n t  t y p e s  of b i t s  
and core b a r r e l s .  

Mr, Fuchsberger o u t l i n e d  some of the  work on p a t t e r n e d  
ground which had been c a r r i e d  out by SIPRE i n  Greenland but  added 
t h a t  t h i s  p r o j e c t  was almost complete, He r e f e r r e d  t o  the  e a r l y  
photo i n t e r p r e t a t i o n  work t h a t  had been c a r r i e d  ou t  by s t a f f  
from Purdue Universi ty .  He descr ibed  b r i e f l y  t o  the meeting t h e  
SIPRE l i b r a r y  f a c i l i t i e s  a t  Wilmette, Ill,, and mentioned the  
F i e l d  S t a t i o n  now loca ted  i n  nor the rn  Michigan ( s ) .  

( 2 6 )  D. Boyd and G. P o t t e r  - r epor ted  j o i n t l y  f o r  t h e  Meteorolo- 
g f c a l  Branch of the  ~ e ~ a r g r n e n t  of Transport ,  I&. Boyd be ing  t h e  
c l i m a t o l o g i s t  seconded by t h e  Department of Transport  t o  t h e  
s t a f f  of the  Divis ion  of Building Reseerch, It was explained 
tha t t h e  chief  i n t e r e s t  of the  Meteorological Branch i n  permafrost  
problems v a s  the c o r r e l a t i o n  of c l imate  w i t h  the  ex i s t ence  of 
permafrost ,  Some s t u d i e s  of t h i s  c o r r e l a t i o n  had been made but  
noth ing  had been publ ished,  M r .  P o t t e r  mentioned t h a t  h is  Branch 
was soon t o  e s t a b l i s h  a p r o j e c t  f o r  the s tudy of shallow ground 
temperatures a t  twenty d i f f e r e n t  l o c a t i o n s  and t h a t  the  r e s u l t s  
so  obtained might be of a s s i s t a n c e  i n  f u t u r e  permafrost  r e s e a r c h  
work. 

( 2 7 )  D r .  R. Spence Taylor - descr ibed  the  s t u d i e s  of p a t t e r n e d  
arounz which he had c a r r i e d  out on behalf  of the Snow. I c e  and - 
Permafrost Research Establishmont and which had been aesc r ibed  
i n  the  thes3.s which he had prepared f o r  h i3  doc to ra te ,  This  
work had not  been publ ished bu t  he would be g lad  t o  make it 
available t o  anyone s p e c i a l l y  i n t e r e s t e d ,  He noted t h a t  some 
permafrost  had been found f n  the  f o o t h i l l s  of the  Rocky Mountains 
i n  the west of Alberta.  

( 2 8 )  KO Hawkins - expla ined  t h a t  the  Department of Publ ic  \Works 
has  a g r e a t  i n t e r e s t  i n  c o n s t r u ~ t ~ o n  work i n  t h e  North, I t  
the re f  ore  welcomed the  oppor tuni ty  of p a r t i c i p a t i n g  i n  t h i s  
meeting. The Department hoped t o  uco avery oppor tuni ty  f o r  
s tudying the  e f f e c t s  of cons t ruc t ion  upon perrmfrost  and the 
performance of bu i ld ings  i n  permafrost  a r e a s ,  



( 29 )  L t .  Col. Sco t t  L a  - explained t h a t ,  desp i t e  h i s  e a r l y  
i n t e r e s t  i n  permafrost,  h i s  d u t i e s  i n  the  Canadian Army were 
now somewhat removed from thls  f i e l d  so t h a t  he had no o f f i c i a l  
connection wi th  any permafrost s t ud i e s  i n  t he  Department of 
National  Defence. He was very glad t o  know t h a t  t he r e  was i n  
prospect  a manual which would d e a l  with cons t ruc t ion  methcda 
i n  permafrost a reas .  The Chairman mentioned Col. Lynn1 s e a r l y  
work i n  t h i s  f i e l d ,  not ing  i n  particular the  exce l l en t  manual 
which Col. Lynn had prspared ( t )  and t he  e f f o r t s  t h a t  he had 
made i n  developing one of the  first genera l  maps t o  show the  
d i s t r i b u t i o n  of permafrost i n  Canada. 

(30)  D r .  Andrew Taylor - spoke b r i e f l y  of his genera l  i n t e r e s t  i n  
permafrost and r e f e r r e d  t o  f i e l d  s t u d i e s  whioh he had made both  
i n  t he  Arc t i c  and the  Antarc t io  ( u ) ,  

(31)  J. Day - explained t h a t  h i s  own i n t e r e s t s  l a y  i n  the  
development of a g r i c u l t u r e  i n  Northern Canada. The f i r s t  
reconnaissance t r i p s  i n  t h e  North f o r  h i s  Department had been 
made by D r .  A. Leahe , who r e g r e t t e d  t h a t  he could no t  be p resen t  
a t  the  meeting ( v )  ( w  3 . M r .  Day mentioned t h a t  some work had been 
done on the u t i l i z a t i o n  of p l an t  growth a s  an i nd i ca to r  of perma- 
f r o s t  condi t ions ,  For example, it was known t h a t  b i r c h  t r e e s  
grow on f rozen  ground but t h a t  aspen do not .  He reminded t h e  
meeting of the  experience t h a t  should be ava i l ab l e  regarding 
f i e l d  s t u d i e s  of permafrost through work done dur ing  the  construc- 
t i o n  and subsequent ma intenance of the  Hudson Bay Railway. 

(32)  Dr .  R.F. Black - af  t o r  r e f e r r i n g  t o  the s t u d i e s  which he 
had made f o r  the  U ~ S .  Geological Survey i n  Alaska, explained 
t h a t  he was now studying f o s s i l  pa t t e rned  ground- and- post-  
g l a c i a l  depos i t s  i n  Wisconsin. He hoped t h a t  the i n t e r p r e t a t i o n  
of these  f e a t u r e s  coupled with h i s  previous experience w i t h  
permafrost would suggest some u s e f u l  conclusions regarding 
processes of permafrost formation (x) .  

(33) Prof. A.D, Misener - explained t h a t  he was i n t e r e s t e d  
c h i e f l y  i n  hea t  flow from the e a r t h ,  which n a t u r a l l y  a f f e c t e d  
permafrost condit ions.  It  had been found t h a t  hea t  f low from 
the  e a r t h  i n  t he  North was two or  th ree  t imes a s  much a s  t h a t  
mas u red  i n  southern reg ions  (y). An unusual change i n  the 
ground temperature gradient  had been observed a t  a depth of 
about 120 f e e t  but t h i s  could no t  be regarded a s  s i g n i f i c a n t  
u n t i l  improved methods of measuring a c t u a l  ground temperatures 
had been developed. He had found t h a t  the rmis to r s  were p r e f e r ab l e  
t o  themnocouples f o r  t h i s  purpose. 



(34) D r .  N.B. Hutcheon - brought the  review of permafrost  and i t s  
problems t o  a  c l o s e  by a  d i scuss ion  of the e f f e c t  of muskeg 
cover on f rozen  condi t ions ,  sugges t ing  t h a t  the  o f f s c t  
of the muskeg was much more complex than  merely a c t i n g  a s  an  
i n s u l a t i n g  medium. D r .  Hutcheon spoke of p o s s i b l e  instrumen- 
t a t  ion t h a t  might be used f o r  determining a c c u r a t e l y  depth of 
the  a c t i v e  l a y e r ,  mentioning s p e c i f i c a l l y  the p o s s i b l e  develop- 
ment of a  new type of probe and the  a p p l i c a t i o n  of seismic 
techniques,  

GENERAL DISCUSSION 

(35) Following lunch, the meeting turned t o  a  genera l  
d i scuss ion  of p e r m f r o s t  problems i n  Canada, This covered 
almost the  e n t i r e  f i e l d  i n d i c a t e d  by the  foregoing  d o t a i l e d  
r e p o r t s ,  Although no conclusions were a r r i v e d  a t  by the  maeting, 
the fol lowing no tes  g ive  t h e  sense of the d i s c u s s i o n  and a r e  
recorded, n o t  a s  '~conclusions",  but  a s  suggest ive of the  d i r e c t i o n  
i n  which f u t u r e  permafrost  r e s e a r c h  i n  Canada may be expected t o  
proceed: 

(36 ) Permafrost  T e r m i n o a  - - 
It was c l e a r  t o  the meeting t h a t  an agreed-upon 

terminology f o r  permafrost  viould be a  most d e s i r a b l e  a i d  t o  
f u r t h e r  work. Mention was made of a  s t a r t  i n  t h i s  d i r e c t i o n  
by American agencies  and it was genera l ly  hoped t h a t  such. a 
p r o j e c t  could be completed before permafrost  r e s e a r c h  advanced 
too f a r .  

(37 ) Deep Holes i n  t h e  North - 
The p o s s i b i l i t y  t h a t  the  Divis ion of Building Research 

might be ab le  t o  s i n k  a  deep hole  i n  the  Macken2J.e Del ta  us ing  
i t s  permafrost  d r i l l i n g  r i g  was genera l ly  welcomed. It soenied 
c l e a r  t h a t ,  i f  such a  hole  could be proper ly  instrumented, it 
would y i e l d  u s e f u l  information when c o r r e l a t e d  w i t h  r e c o r d s  from 
e x l s t i n g  ho les  a t  Resolute Bay, Point  Barrow, and Thule, The 
p o s s i b i l i t y  of us ing  d ry  h o l e s  t h a t  may be sunk f o r  o i l  explora-  
t ion  was noted,  American gues ts  promised t h e i r  co-operation i f  
and when such a hole  could be put down and i t  was suggested t h a t  
u s e f u l  advice might be obtained from the  Waterways Experiment 
S t a t i o n  of the  U.S. Army a t  Vicksburg, Miss, The exac t  l o c a t i o n  
of the hole  was not  d iscussed  bu t  Divis ion  of Building Research 
r e p r e s e n t a t i v e s  promised t h a t  a l l  i n t e r e s t e d  would be consu l t ed  
before any f i n a l  dec i s ions  were made. 



The Active Layer - 
A u s e f u l  d i scuss ion  took place regarding  the  problem 

of measuring accure te ly  the  depth and the  formation of the  
a c t i v e  l a y e r  i n  permafrost  a reas .  It was suggested t h a t  
poss ib ly  a  neutron meter might be used i n  i n ~ e s t i g a t ~ j n g  
t h i s  mat ter  but  the  consensus seemed t o  be t h a t  i t  would be 
d e s i r a b l e  t o  develop, i f  poss ib le ,  some sin:ple seismic method 
of deterrninlng t h e  depth t o  the f r o z e n  mate r i a l .  I t  was c l e a r  
t o  the meeting t h a t  the problen~, a l though s u p e r f i c i a l l y  simple, 
i s  a c t u a l l y  most complex. Correspondingly, i t  was agreed t h a t  
thorough study of the  matter  would be most valuable .  

(39)  - Patterned. Gro-und - 
A corresponding1.y u s e f u l  e i scuss ion  took place 

regarding  pa t te rned  ground phenomena. It w a s  pointed out t h a t  
these  a r e  l inked  wi th  tk:e genera l  problem of f r o s t  a c t i o n  i n  
s o i l s  now being i n v e s t i g a t e d  i n  the  Divis ion  of Building Research 
labora tory .  M r .  E. Penner descr ibed  some of h i s  work and D r .  
Washburn suggested t h a t  t h e  entrainment of f i n e  p a r t i c l e s  i n  
upward f lowing water during t h e  development of i c e  l e n s e s  mlght 
poss ib ly  be an important f a c t o r  i n  the f o r m t i o n  of pa t te rnod 
ground. D r .  Mackay mention06 t h a t  he had rece ived  a g r a n t  from 
the  National  Research Council f o r  such s tud ies .  D r .  Baldwin 
mentioned the  remarkable examples of pa t t e rned  ground t o  be 
found i n  the  Hudson Bay Lowland. D r .  Bird descr ibed something 
of t h e  work being done i n  t h i s  f i e l d  a t  the  Knob Lake S t a t i o n  of 
McGill Universi ty .  

(40) - Engineering Problems - 
The l a t t e r  p a r t  of the meeting was t a k e n  up by a  

number cf r e fe rences  t o  the engineering, problems i n  permafrcst  
a r e a s  recognized by those p resen t ,  These may be l 3 s t e d  a s  
fol lows:  

( i )  t h e  i n s t a l l a t i o n  of p i l e s  a s  foundat ion  u n i t s  
and the e f f e c t  of such p i l e s  on the thermal 
regime of the  ground. 

( i i )  the  cons t ruc t ion  of  embankments and o the r  
engineering works upon f rozen  ground and the  
e f f e c t  o f  such s t r u c t u r e s ,  such a s  the embankment 
a t  the Kelsey Generating S t a t i o n ,  on t h e  therrrlal 
regime of the ground. 

( iii) the  problem of i c i n g  of roads and o the r  r o u t e s  
which may be cons t ruc ted  a c r o s s  f rozen  ground 
such a s  has developed i n  some s e c t i o n s  of the  
Alaska Highwayo 



( i v )  t he  s e l e c t i o n  of s i t e s  f o r  new bu i ld ing  
i n s t a l l a t i o n s  such a s  those which have had 
t o  be cons t ruc ted  f o r  the DEW Line and the  
Mid-Canada Line. 

( v )  various d i f f i c u l t i e s  a s soc i a t ed  w i th  s o l i f  l uc t i on ,  
e s p e c i a l l y  on s loping ground. 

( v i )  the  e f f e c t  of f r e ez ing  upon the  p r o p e r t i e s  of 
and t he  ease of handling i r o n  ore such a s  t h a t  
which i s  now being mined i n  the Knob Lake d i s t r i c t .  

( v i i )  tha whole ques t ion  of thermal flow from t h e  
ground, i t s  e f f e c t  on ground s t a b i l i t y  and upon 
s t r u c t u r e s  e r ec t ed  on f rozen  ground. 

( v i i i )  the  cons t ruc t ion  of pavements, not  only f o r  
' roads, but  more p a r t i c u l a r l y  f o r  l a r g e  paved 

a r e a s  such a s  a i r f i e l d s .  

( i x )  t he  genera l  ques t ion  of s o i l  temperature 
v a r i a t i o n  which can be c l e a r l y  seen-  t o a f f e c t  
a varj-ety of engineering operat ions.  

CONCLUSION OF BIEETING 

(41) M r .  Legget brought the  meeting t o  a c lose  by express ing  
t he  thanks of the  Council f o r  the at tendance of a l l  those  present ,  
speo ia l  thanks being expressed t o  the American v i s i t o r s o  Even 
though t he  d i scuss ions  had been so informal,  a summary record  of 
t he  meeting would be prepared when time po rn i t t ed  i n  r e l a t i o n  t o  
smer f i e l d  work, and t h i s  would be c i r c u l a t e d  t o  those present .  

(42 The meeting had shown c l e a r l y  t h e  many i n t o r e s t s  
concerned w i th  permafrcst  r e s e a ~ c h  and suggested t he  d e s i r a b i l i t y  
of co-ordinating such e f f o r t s  i n  Canada through the  medium of a 
sub-commit t e e  of the Associate Committee on S o i l  and Snow hlechanics, 
follovring the  p a t t e r n  which had proved so  success fu l  i n  the  case 
of s o i l  mechanics and muskeg. I f  and when such a sub-committee 
was organized, one of i t s  e a r l y  t a sk s  might be the organizing of 
a publ ic  meeting t o  d i scuss  permafrost problems i n  Canada, again  
fol lowing the  examples i n  the  f i e l d s  of s o i l  mechanics and muskeg 
research.  The nee t ing  adjourned a t  4:30 p.m. 
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