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This  i s  a record of t h e  Fourth Meeting of t h e  
Muskeg Subcommitt.ee, which was held is, Edmonton, Alber ta ,  
on March 2 ,  1955. A l i s t  of thosa i n  at tendance l a  
included as Appendix A .  The meeting was the  f i rs t  t o  be 
held i n  Western Canada, and was sponsored by t h e  Associate 
Committee on S o i l  and Snow Mechanics of t h e  National  
Research Council. 

Under the  d i r e c t i o n  of D r .  N .  W .  Radforth,  the  
morning sess ion  was devoted t o  business  and t o  t he  reading 
of progress  r e p o r t s  of muskeg research  which i s  now under- 
way i n  Canada. The af ternoon took t he  form of a t e chn i ca l  
sess ion  wi th  Dean R .  M. Hardy and M r .  I, C .  MacFarlane 
a c t i n g  a s  Chairmen. Four papers were presented and 
d iscussed .  
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Morning Sess ion ,  March 2 

Sec t ion  1 

INTRODUCTORY REMARKS 

D r .  N .  W. Radforth 

D r .  Radforth pointed out t h a t  t h i s  was t h e  f i r s t  
formal meeting of t he  Muskeg Subcommittee t o  be he ld  i n  t he  
West, and t h a t  it was long overdue, Meetings of t h e  Subcommlttee 
have been inf requent ,  t he  last  having taken p lace  i n  Ottawa l a t e  
i n  1951. He repor ted  t h a t  t h e  working arrangements of t h e  
Subcommittee have changed somewhat as business  has been c a r r i e d  
on mainly through correspondence and the  exchange of experience. 
Although t h i s  may appear t o  be a s t range  way t o  approach t he  
sub jec t  i t  was brought about by t he  d i v e r s i t y  i n  t h e  knowledge 
of t h e  problems concerning muskeg. It has been only i n  t he  last  
t h r e e  o r  f ou r  yea r s  t h a t  the  muskeg problem has received s p e c i a l  
a t t e n t i o n .  The opening up of t h e  North has brought s p e c i a l  
problems t o  l i g h t .  Because of the  new terms of reference  wi th  
regard t o  muskeg, the  approach t o  t h e  problem has had t o  be 
changed, r e s u l t i n g  i n  t h i s  meeting. 

The Chairman welcomed a l l  those p resen t ,  on behalf 
of M r .  R.F. Legget, Chairman of t he  Associate Committee on S o i l  
and Snow Mechanics. He expressed M r ,  Legget ' s  r e g r e t s  t h a t  he 
could not  be p resen t .  Although burdened wi th  a very heavy 
schedule,  M r .  Legget s t i l l  t akes  g r ea t  personal  i n t e r e s t  i n  
muskeg research ,  and was most pleased t h a t  t h i s  meeting was 
t ak ing  p lace .  D r .  Radfosth r e c a l l e d  t h a t  it was seven o r  e i gh t  
years  ago t h a t  M r .  Legget had consul ted with him on t h e  muskeg 
problem, and had i n i t i a t e d  reaearch  i n t o  t h a t  sub jec t  , maintain 
ing  a personal  i n t e r e s t  throughout t he  yea rs .  



The Chalrm2.n ;raentfs::ied ?baa5 M r .  M a ~ t i r i e a ~  of t h e  
Queb2c D e p a r t ~ ~ e ~ : :  ct' EiS,gl.,vay s had beet gat.herlnq i ~ f  o m a t  iora 
on muskeg .in, C,ri-?t ;r-rc):,c',*1.r..:2 -3r;;; .., EL ~ : ? j ~ ) $ - ~ ~ t ;  pi3e.pa?zd by h i m  
w0uJ-d be p,re se_ri.t;.? :j at: th.-:: :$'+ ?~r:oan s e ~ s j - r ; n ,  

Report on "Some Engin$*:~:;n3-, P,-cj~.r';satiew of' Mua?~eq" ,- by C.B. C~sw?nrd 
-----.---- --. - ---.-- -- 

I n  t,hz ak y,i.,r-? e G~ VAT , C .a, C:~- ,zwf  G S ~  IVI;? I . C MacFar l ane  
gave a i3rji2f re:s1.'3~ OC tti:iz ~ ~ p c t r t ,  He ?xplalric?d tk2.t t h . ~  report .  
reps.esente!j. t.?:~ :::2s:ll-a cf sGmr p~?l-irn:::!d,.~y f e s t  o Jn muskeg carrzed 
out  a t  tfie D i v f  s l  o3 o? ?3i~?-: CL'_.%g b 8 e 4 . ~ 3 h .  Consolidati ,on 2 e  sts  
wer? perfirmed ~n muskeg sampL2aJ ~ , n d  s , s v e ~ a l  d e t e r r n i ~ . a t l o n s  were 
made of Cer,si5y, w a t e c  c::.?t?:-:C ar..3 am..con:fil?.ed eGm.pse s s i v e  at~ength 
of ;mdisf cl: b22 y m n l  6 c * MY Cl-,.3~'.r'ard 5ae S: QE:: l u d ~ d  -11223t. :.be 

r - - - '  

cornpressl,o.r. cl-iaFas i(:r.li s t  2 2 s  ,;f nn.!sk.?g di?,p?nd rnt2z*e on t he  dry d e n s l t y  
of t h e  a2teria ' l_ tk.s .n on wh;.tk,.,j~:-r- +,he sa:?pl.:z Is dis5ur3S~;d .  
M r .  MacFarla.ne rL?:Li 2:,n+?d + k t  thes;? %ELT~&? f i e s t  ree3vl t s w e r e  the 
beginning or" a E.ore exteg.al.ve pary.rmn tr, be l.mder+;ak~sn by t .he 
Div i s ion ,  

Progress  Rzpcrt  -- 3:" 7 ,  C .  MasF3rlsne ------ 

%I?. ?.reviswl?g hi? ,  work i c ,  d a k s  .?ra muskeg r e s e a r c h ,  
M r .  MacFa.rla.rie sa3.d t k m t ;  ~ o P ? ;  c.C k . i s  ?!.me had beel?. &voted t o  
a l l t e ~ a t u r e  r ? v i % ~ ~  3 . ~ 3  t ~ 7  t k e  p1~?~-3:,':..3t;frsn of a muskeg b i b l i o -  
grapk~y. Me enpln:?.s.',ze? %hat  t .h le  an::.ot.at eci b i b 1 3  ography was a 
2relimj-nary repmil..  H2 se~ i :~ , tec !  ala-;. t k a k  v s l ~ z a b l e  personal. 
contac3s have b?en e s t a b l i s h e d  w i t h  /ath.er osgaxlfzat.lons 
i n t e r e s t e d  i:rL wii;lr.eg =.qnu~-:r,;c:h: ~ ~ ~ " O . ~ L ' L C . Q  .. -.c ., Re a.sasc% Board, Muskeg 
Re sears12 L a b o ~ ; a + o ~ y  a t  !.:1,3M3s+ 2 F:' TJnll~.!e~~f ty , B c ~ d  Ma M w a  ( ?eat 
~ o a r d )  in I , r ~ s l s r . d . ,  anlJ. U T L ? J ~ ~ ~ > T S ~  ty C o l  leg? ,  L d ~ ' b l d ~ ~  ?,, A s t a r t  had 
been rnacie cri t h s  abridgernc;"::"r.s3" 2r Radfwf h. s arigi.rzal. paper  on. 
c l a s s  if ' ic3.t 2 . m .  of nauslr-egs t.be el?,gi)r?.ee.s. 

A s  fsr t he  f ~ t . ? i i ~ )  M r .  MacFarlarie s a i d  he pl.zLr.ed t o  
cont inue h5-s lit.erat12?._r.e r..$v.tew and t o  er~!~arqe h i s  bib l iogsaphy , 
A c o l l e c t i o n  of re?.evant, ffle1.d data  will be s tar ted ,  and %he 
in5'ormation s o  ohtaimed w i l l .  bz made zva3.lab.he t o  t hose  
i n t e r e s t e d .  Even tua l lv ,  a pr9gra.m cf 1a.bcratory t e s t s  w i l l  be 
undertaken t o  determin! t h e  p h y ~ i c a i .  and rnechanicsl p r o p e r t i e s  
af f r o z e n  and unfrozen m~lskeg.  xf 15 hoped thereby t . c :  check 
t h e  conclusic?r,s draw:?. P ~ o n .  the s t r m g t h  t e s t s  w1.?is3-2 wex3e z a r r i e d  
out an Xrlsh peat 3 ,  It : e j,lsl:> hop?d t *s c r x r e i a t e  DT. R%CIEc;rthf B 



c l a s s i f i c a t i o n  system with t he  engineer ing  p r o p e r t i e s  of t h e  
va r ious  k inds  of muskeg, 

Progress  Report - by D r ,  N ,  W ,  R a d f o ~ t h  

Dr. Radforth r epor ted  t h a t  t h e  muskeg l abora to ry  a t  
McMaster was i n t e r e s t e d  i n  extending the  c l a s s i f i c a t i o n  system 
f o r  muskeg and br inging  it more i n t ~  l f n e  w i t h  t h e  psobl?ms now 
a r i s i n g ,  and wi th  t h e  needs of t h e  people involved wi th  the  
m a t e r i a l .  There i s  a particular d e s i ~ e  $0 assist those i n t e r e s t e d  
i n  t h e  survey of organio t e r r a i n  preceding engineer ing  develop- 
ment. He f e l t  a  l a c k  of confidence,  from almost every q u a r t e r ,  I n  
t h e  problem of r e p o r t i n g  and the  use of' adequate r e fe rence  terms 
f o r  muskeg, H e  hoped 50 bzing these  out of t h e  realm of i n t a n g i -  
b i l i t y  s o  t h a t  problems 0% t ~ a f f i c a b i l f t y ~  e t c , ,  could be d e a l t  
wi th ,  D r .  Radforth said that .  t h e  McMasfer Laboratory had a l r eady  
made some c c n t ~ i b u t i o n  t o  these  problema, but now t h e  b a s i c  
information must be app l i ed  a t  h i s  awn l abora to ry  as wlsll  a s  by 
o the r s  ,, 

Dr. Radfort-h poin ted  out t h a t  muskeg involved not  only 
m a t e r i a l ,  but a l s o  physiogsaphic f e a t u r e s  which must be b ~ o u g h t  
i n t o  t h e  p i s t u r e  and i n t o  t h e  d e f i n i t i o n  of muskeg, T h i s  fs  
developed more f u l l y  i n  t h e  paper on subsurface swnmer i c e  
cond i t ions ,  r e c e n t l y  publ ished by t h e  Royal Society*.  The s i z e  
and genera l  c o n s t i t u t i o n  of pea ty  m a t e r i a l s  and t h e  cond i t ions  
urader which they  were f cwad a r e  a i l  Important t o  muskeg s tudy,  
He considered theyefore  t h a t  h i s  approach t o  t h e  muskeg problem 
was j u s t  i f  f ed .  

Reference was made t o  Handbook No, 1 (Organic Ter ra in  
Organization from t h e  A i r 9  A l t i t u d e s  l e a s  than  1,000 f e e t )  as a 
means of f a c i l i t a t i n g  the  approach t o  orgsnic  t e r s a l n  supvey, 
This  handbcok i s  being brought out m d e s  t h e  ausp ices  of' t h e  
Defence Research Board, and ~ 1 1 3 .  he a v a i l a b l e  t o  a l l  i c t e r e s t e d  
persons ,  

A s  t o  t h e  f u t u r e ,  Ds, Radforth i s  concerned wi th  an  
extens ion  of t h e  c i a s s i f i c a t i o n  system f o r  muskeg and i n d i c a t e d  
t h a t  f i e l d  work on s p e c i f i c  a r e a s ,  taken as type eases ,  should 
be m d s r t a k e n ,  He a l s o  r e f e r r e d  t o  h i s  work on subsequent hand- 
books (No. 2 ,  d e a l i r g  wi th  a l t i t u d e s  ffsom 1,000 t o  5,000 f e e t ,  
and N 9 .  3, f o r  a l t i t u d e s  up t o  20,000 f e e t ) ,  Three handbooks 
a r e  necessary because as one proceeds t o  a h igher  a l t i t u d e ,  
ground p a t t e r n s  change and shapes t a k e  on a d i f f e r e n t  meaning, 

* Radforth,  MOW. P a l s e s b s t a n i c a l  method I n  t h e  predic t iof i  of 
sub-surface summer i c e  condi t io l~c :  in nor the rn  organic  t e r r s i n ,  
Nat ional  Research 2 0 u n 2 ~ 1 ,  Associate  Committee on S o i l  and 
Snow Mechanics, Technical Memorandun? No, 34, Marsh 1955% 54p. 



Research w i l l  a l s o  cznt,$.~.:~e fr!.to subsurface sorid:. t ions, 
D r .  Radforth r e c a l l e d  e.n obse~v 'a t l .on  made by Bean IJasdy sslreral  
yea r s  ago, t o  the  ef'fsct %hat  2 . t  is impsr1;ant net. only t o  i n t e r p r e t  
muskeg from h.%ghex a.!.titudee but t 3 a t  t h e  fnt .e.%r?~set.ation must be 
extended below t h e  sl.lrFace of fhe  qsour,d, In t h i s  regard infopma- 
t i o n  a l r eady  avai2abLe has been u t i h l , z ~ d .  

I n  c:onclu.s2,~n Di., Radforth s a i d  t h a t  he thought t h a t  
now was t h e  timz ts b;.-l:?.g I n  an irnpoi?%ant ocmponer~t, of muskeg -- 
t he  h ighly  min,?~al lz;r l  m a t t e ~  ia . i re i : t ly  bznsath +.he peaty Layer, 

Report on t h e  I n t e r n a t ? . ~ n a l  - Pest Symposium - - by I ,  6. MacZ'arlana 

- CP Mr. 1.. Mac&':;islane bn-!.ei'ly rep:;;rt ed ;In t h e  
1n ta~na t . io :ns l  Peat Syxp.:;nS urn wLn-Y_c.h ~ 7 9 3  held  in D ~ . k i l $ a  .? I r ? l and ,  
during J u l y ,  19511.. 'T.b,e S y m , p ~ s i . ~  waE sponsored by the 3ord Na Mona 
and hroti.ght f;oget,hcr a o r e  th:m 200 del . rgs tes  f r ~ m  13 sa3;.;-itries t ,c> 
hear  and d i s c u s s  the 65 papers  whish were p ~ z s e n t e d .  The Bord Na 
Mona have e icce  published a volume aade u,p o" tk.e papers which were 
read at 5h.e S ~ . P O S ~ . ~ L C I ,  The 60r~.;.f~~ei"t~::~3 C C . ? V ~ ? F ~ ~  a wide f i e l d  of 
sub j e e t s ,  in.~;lu,d4.;lag c;l.assl.t"$catix-i of bogs and peats ,  survey 
 method.^, mil led  pea.t an6 sod pe:.2'; psoduction mefhoda, co%'~untfon 
F n  l a rge  and srnslll b o i l e r  f;rz.lr:scea, g a ~  t u r b i n e s ,  gaa i f i ca t iow 
p l a n t s  and domestic s .ppl iances,  wax ext~.acfu:.ors and rec.lam.ation. 
of bogs with and wi.,tkcut fuel_ wi,-an.%ng. Except f o r  G R ~  paper 
l i t t l e  was s a i d  of t h e  engineering p r o p e r t i e s  of peaty s o j - i s .  
During t h e  aessi.on CR class! f l c a t i o n ,  t h e  axb9guity of te2-ml.nology 
i n  tecl-.nhcal 1 i t s r a t u . r e  on pea t  was deplored.  Recornrnendati~ns 
were made f o r  t h e  establiwh!.ng a t  an I n t e r r a t i o n a l  Peat I n s t i t u t e  
t o c w r e i a t e  a l l  phases o.f peat  s?se,zsch, One Canadian paper was 
psesen.ted by A . A .  Sw:r;r.esf on c i f  t h e  Dept. of Mines, which gave 
th.e h i s t o r y  or" t h e  pea t  f~?.dusts"y ;.l?, C ~ a ~ a d 8 ,  A r e p ~ r t   FOE Iineland 
ind ica ted  t h a t  work is h2ir .g  do!?e in. a t tempt ing  t o  c o r r e l a t e  
sur face  vegetat ion.  arad subs~.i,r%acc? e o - l d i t l c n ~  of a peat  bcg, 
M r .  MacFaslane point3d 6 ; ~ t  Shat the present  i n t ense  i n t e r e s t  i n  
peat  problems i s  due l a r g e l y  tc th.c f a c t  t h a t  -peat areas yepresent  
land which i s  nc t  high?.! y : ~ t . l l l . z e d . ,  Tb.bs presen t s  a chal lenge f 0 
t h e  b o t a n i s t ,  a g r i c u i t u s a l . i s t ,  fosea t , e r ,  i , r tdvLskr ia l i :7 t ,  and 
engineer .  



Sec t ion  3 -- 

Muskeg Bibl iography --- 

M r .  MacFarlanz spoke b r i e f l y  about t h e  annotated 
muskeg bibl iography which he had prepared.  He re-emphasized 
t h e  pre l iminary  na tu re  of t h i s  work, s t a t i n g  t h a t  he hoped it 
would be extended a s  soon as time permit ted t o  t h e  reading  and 
a b s t r a c t i n g  of f u r t h e r  l i t e r a t u r e ,  The 90 re fe rences  included 
i n  t h e  bibl iography a r e  s e l e c t e d  a s  being somewhat r e p r e s e n t a t i v e  
of t h e  l i t e r a t u r e  which i s  a v a i l a b l e  Qn organic  s o i l s .  They 
a r e  grouped i n t o  t e n  s e c t i o n s ,  depending upon t h e i r  approach 
t o  t h e  problem, and cover most a s p e c t s  of i n t e k e s t  i n  a  s tudy 
of organic  s o i l s .  They a r e  a s  fo l lows :  

Sec t ion  A :  Extent of Organic TerraLn (4 r e f e r e n c e s )  

Sec t ion  B: Origin of O ~ g a n i c  Deposi ts  (5 r e f e r e n c e s )  

Sec t ion  C :  C l a s s i f i c a t i o n  ( 5  r e fe rences )  

Sec t ion  D:  Surface and Subsurface C h a r a c t e r i s t i c s  (11 r e f e r e n c e s )  

Sec t ion  E:  P r o p e r t i e s  of Organic S o i l s  (10 r e f e r e n c e s )  

Sec t ion  F: Road Construl,atJon oves Organic Ter ra in  (27' r e f e r e n c e s )  

Sec t ion  G :  Bog Blas t ing  (10  r e f e r e n c e s )  

Sec t ion  H :  T r a f f i c a b i l i t y  Problems (1 r e f e r e n c e )  

Sec t ion  J : Miscellaneous Engi r~eer ing  Problems ( 11 ~ e f e r e n c e s )  

Sec t ion  K :  U t i l i z a t i o n  of Organic S o i l s  (6  r e f e r e n c e s )  

This bibliography has Seen published by t h e  Divis ion  
of Building Research as Bibliography No. 11, and may be 
obtained from the  Publications S e c t i o n  cf t h e  Divis ion .  



Pr in3 ry  2r,d Seccl-dary A; 3 3 5 3  over 
Muskeg In efiw-Pffa.--- --- 

I have keep. a?;ked t o  say  something about " P ~ i r n a ~ g  
and Sezo~dar .y  Ar,~-,'s sa  -vi?--_: Mi~pl<?g ?,,vA F~3r;zs t ry  Ppact I c e  I '  ,, In. 
simples ' ; . I ~ F I s ,  + h i s  cc-.:~Ie '3.2 ;??-aterl as "Road B u t l d i r i g  it:, t he  B ! - ? S ~ ' ~ ,  
I have f :.urlC CL+ by k:a.t,t,-.xj expexf ?;?ce th~,? +;he, pao%lsma are 
nurX?2rriuey 7.k.. i~o:p;ri?3 X Y ?  e>.tr1.l:2ss, a7l.d the c o a t s  as2 C ? ~ i i b f  ound ing , 
I have no b:2~271r!2i4.~2 c:~,?:.~.?rr~i.~,.g the terns oC: r.efe-e:3ce of yous 
Corni t tee ;  m i + , h e s  dr, 1 k:al:>~~l .its r ib , jec t i~res .  If' t.hs Subco.mi t tee  
o r  Nuskzg ,ar;<v? ;?s at a ne'c.k:.~.od 3f d ? 3 i  ?;zg w i t h  QF~~,cI . s  t3~rr ; ,2in.17.9 as 
1 underz,'r.:a7-~rl n7.:.skegs .3 .~e K,OW c%I,.Lf:d., the  l .ndl .~?try % rep:?eaent would 
be very I r ; . terest~ed,  

My exp,erl.en..,:s Ls liani+.eci t o  th .5  muskegs cf t h o  x?o~tl?.ez.: 
O ~ t a r i o  c l a y  belt ~ z g i 2 n  s . ~ . d  r"::oa,%ing bogs 9f nosthe%ster..r! Manbt~Sa ,  
Of the? t w s ,  1 be1.fe.v.; th,? 3r tJ tsp  L s  fjl-1.3 -!wc\,yae, 

Wiaea i fXmt went t o  t h e  bush 0% nc .~ t :h i ? r  6\1?t.ario and 
spent  Ic;rbg pert.fc~d? i n  I.os.ytt:'ing ~ o a d s ~  w i t h ,  t.he 1.east amount of 
grade ,  tc ext~ast p u l . p w ~ ~ c t ,  I h??,ieved tha t  muskegs were 
 depression^^ Irl tk- gsne@al t o p c g ~ a p h g  o& t .11,~ area, T h . 2 ~ ~  of co>Lrse, 
was bef o:nz t2i.e bl~5.t-1 was c u t  o f? ,  Lat.s?, I dlssove-ed t h a t  t hey  
were sa!lccz.?- cr  dl3k-,shapeCi a.s?aa, ,?sr.h w;.T,F:. a , s l i g h t  i n c l i n e  be tore  
the  .scf i~a.ll. 3dga r~f  t h e  ~ , L I . s L * ~ =  wa,s : ~ e s h = , $ - ~  'I?h!,s, tk..en, was t h e  
g ~ e a t . e s t  ox.cuQe t~ avzid  c-?-;t>s~"_ng :% :.~.'wl%ks3; 'but i t  was not  always 
pcsaib?.e .  1. am t.?,,lil;.!.:r:g r.cw r'? a a:.l-,-.:b?tt:(r;?. wk%r;  w i n t e ~  rrsads w2re 
const:r l"~ctsd 5lrnpl.y S y  :ut-.ti;-ig (?fF th? t i :??rs  f',u.sh with the! ground,  
keeping t k ; ~  SK,OF\~  S~.9 . i~ j ,+13  2 o b ~ r ; .  t.2 a l l ~ w  f r ~ s t  p e n e t r a t  i_ cn, and 
maint,aining 5 ke:rd .?:lzf's;? i.): 17.,33~>r~, T h i s  w a s  dusl.~lg t h s  tfme 
t k , 2 t  l .oggir~q lzper&f i o a s  b'it;ax>i'f;ei J) .(:. i ; J ~ ) ~ ~ . ~ r n b e ~  1 - 2 ~  sf t c?z f k r ? ~  ze -up and 
f'j-!~.is?.ed ~ T C ; ~ L Y . ~  5115 ~,i ,d,31,? c.f  !!!.3:r.'t:,k-l 

A change of co~.dnt.:,o:m has bs?n brought about by many 
f a c t o r & ,  par t . ic l .~ las ly  s2.nc.e the. e n d  cf Wos1.d War 11, F Q ~  exmpLe,  
logging  aps:-izt.l ons .'?.ave be.-$3 pusb.ed Bi ick f r c m  water: de 1.1 ve-y 
systems. Labow h.ss a d!.Ef ?.r%;?!t at',t"it~,id? taws.:-dv w:2ods w.-rSi, 
There 1s the advect  cf sp%ci.s.I.'lzed ,?q,l~i;p.~ect ; the  U R L ~  ~f h e l i -  
copt,?r.?, a::d tb.e ch.ltrge.-w:?r %r!;n: sl2;kgh h . a ~ J s  t .0 t,rv.ck k,ss i ls~ 
hagis, There 2 s  also the 3eed for bet$,*? fire 2etect:.oK and 
suppress ion  systems; ev?m the  needs  of 6hn t.cilrist r ir;dl.;st~y must 
be cons idered .  81 1 of t h e s e  factcrs9 arl.d probabljr n:2.1:37' tha t  I 



nave overlookeO, a r e  demanding S e t t e r  k0ads throughout t h e  f o r e s t .  

I would l i k e  t . o  sper.d a few minutes now t o  t a l k  about 
primary access  roads .  The type  of road t h a t  i s  b u i l t  i n  t h e  paper  
i n d u s t r y  depends on t h e  use t o  which I t  is t o  be pu t .  For  example, 
i f  it i s  t o  be used a s  a n  acce3s  road only wi th  no hau l ing  of heavy 
loads  of pulpwood over  i t ,  t h e  s tandard  of c o n s t r u c t i o n  i s  much 
lower than  if  t h e  rosd  is t o  be a   oxb bin at ion access  and hau l  road.  
When I speak of c o n s t r u c t i o n  s t anda rds ,  I ~ e f e r  t o  those  which a r e  
s e t  by each company i n  our  i n d u s t r y  bzcause each pulp  and paper  
company f o r  t h e  most pa.,rf pays f o r  t h e  cona t rue t ion  of i t s  own 
roads  withir .  i t s  t bnbe r  l?oldirzgs o r  pulpwood l i m i t s .  These a r e  
b a s i c a l l y  p r i v a t e  roads  over  whish t h e  company c 0 3 c e ~ n e d  has  
complets c o n t r o l .  I n  c o r ~ s t r u c 5 i n g  a n  a c c e s s  road ,  we c . ~ @ G s ~  t h e  
b e s t  loca t . lon  possib.ka, aye r,ot t . 0 ~  p a r t i c u l a r  a h m t  t h e  .mo-mt o r  
e x t e n t  of t h e  g rades ,  and try t o  avoid c r o ~ s i r i g  muskegs. This  type  
of road u s u a l l y  fo l lows  a  r i v 2 r  w2,ex3e therz i s  always s c m 2  type  of 
b u i l d i n g  m a t e r i a l  immetl,iately adja.cerlt t . ~  t h e  d ra inage .  T h i s  
m a t e r i a l  i s  u.sed t o  b u i l d  up t h e  grsde and provide an 1-8- t o  
20-&b crown, w i t h  a  3 : 1  s lnpe  whieh i s  t h e  angle  of repose f o r  
c l a y .  C o ~ s t r u c t i o n  can be d m e  almost e n t i r e l y  by machinery, by 
using bullciozers t o  c l e a r  sn.d grub,  d r a g l i n e s  t .o throw up t h e  
grade scrayelzs t o  to.u.ch up t h e  sough SQO'GS, g r a d e r s  to l e v e l  
and shape t h e  crown, and front-er:d l o a d e r s  and t r u c k s  t o  c a r r y  out  
t h e  gravel l i2 .g .  The ~ ! s e  02' manual l a b o ~ ~ ~ r  i s  conf in sd  a l r n ~ s t  
e n t i r e l y  t o  t h e  p r e p a r a t i o n  f osl and i n s t . a l l a t i c n  cf" c u l v s r t s .  We 
have foimd t h a t  such a  rcad  rn:.ght he I.onger and more crooked than  
t h e  s h c r t e s t  d i s t a ~ l c e  b,3twa.?n two p o i n t s ,  but  i t  i s  u s u a l l y  & 

s t a b l e ,  r e l a t i - ~ e l y  l w - c o s t  road ,  

If a  road is  t o  be used f o r  b ~ t h  a c c e s s  and hau l ing ,  
much more thought and case must be gi7den t o  i t s  l o c a t i o n ,  t h e  
s t a n l s r d  of c o r ~ s t r u c t i o r ~  is  much h ighe r ,  and perhaps most important  
of a l l ,  g r a c e s  must be he ld  t o  a maximum of 2 p e r  c e n t .  I n  t h i s  
case ,  it i s  d e s i r a b l e  t r  hsve as many long t a n g e n t s  a s  p o s s i b l e  
and a s  few curves  a s  possible. Faced w i t h  t h e s e  requ!,rements, i n  
many c a s e s  it i s  no t  p o s s i b l e  to avoid c r o s s i n g  a  muskeg. I 
have found t h a t  I t  i s  u s e l e s s  and more c o s t l y  t o  t r y  t o  b u i l d  
d i r e c t l y  on t o p  of t h e  muskeg, say by p l a c i n g  corduroy and hau l ing  
i n  f i l l  m a t e r i a l  t a  b u i l d  up t h e  grade.  When it i s  necessary  t o  
c r o s s  a muskeg, it  i s  important  t o  s t a d g  t h e  phys ica l  c h a k a c t e r i s -  
t i c s .  Althaugh muskegs look a l i k e ,  t h e s e  a r e  tremendous v a r i a t i c n s  
i n  t h z i r  composit ion and depth  even above t h e  permafros t .  Thzse 
may be shallow s p o t s  whtch can be l o c a t e d  by observing t h e  t r e e  
cover a s  we l l  as by a c t u a l  t e s t i n g .  It i s  important  t o  make t h i s  
s tudy of t h e  p h y s i c a l  c h a r a c t e r i s t i c s  because i n  l o c a t i n g  a  road ,  
one would not  d e l i b e r a t e l y  r u n  through a l a k e  50 f e e t  deep, a:ld 
many m ~ s k e g s  a r e  worse. We have f o u ~ d  t h a t  e x t r a  time spent  i n  
road l o c a t i o n  and muskeg t e s t i n g  can save many thousands of yards  
of' f i l l  and,  consequent ly ,  many d o l l a r s .  

Thus, w i t h  t h e  l o c a t i o n  of t h e  road c a r e f u l l y  s e l e c t e d  
through a  s tudy  of a e r i a l  p h ~ t o g r a p k : ~  ai3d a p a i n s t s k i n g  f f e l d  



i n v e s t i ga t i on ,  we proceed. w!+th the  cons t ruc t ion .  H a v i ~ g  chosen 
t h e  bes t  1,ocation ac ross  t h e  muskegs that cannot bs avoided, we 
now must dea l  wi th  t he  muskeg, U p  am.E?.til m.ow, cons t ruc t ion  has 
proceeded reasonably we l l ,  but aew p~oeeduse s  must be developed. 
For ins tance ,  t he  muskeg w i l l  have t o  be c leared .  by hand as it  
i s  too  r i s k y  t o  send a  28-ton t r a z t o r  ove? an. open muskeg in 
summer o r  even i n  w i n t e ~  i f  these  2s an i n s u l a t i n g  blanket  of 
snow covering the  ground, The d. :~agl i r~e  must be equipped wi th  
pads, whish a r e  made from f i v e  logs, 8 t o  10 i n c h . 2 ~  i n  diameter  
and 16 f e e t  long, cabled and bol.tsd. t,ose,kh..er, These pads a r e  
placed u~dsr- t h e  tracks. ~ c "  fh,e rj,.raglfne and provide some f oo t i ng  
and a  d f s t r i b u t s o n  of the weigk:t., The di?&gPlrae must m a t  of f  a l l  
t h e  nuakeg c o v e r i ~ g  f ~ o m  $c4,kl, t h o  cents2 of the road and $he 
d i t c h e a9  digging down , ~ r . t i l  tho su,bs011. is reached. It is only 
then t h a t  the ope ' ,~a , fo~  :;a'r~ s$a~r;t. t.bJ.nking about bul, lding ap  t he  
grade. The kefght  of the g ~ a . d e  Fs  ?.etermli-~.sd by th.a g;'adient on 
t h e  r ~ ~ a d ~  the ;?.iscessity t o  obtsLn drainage,  and t he  d e s i r e  to 
obta in  qlxick di?glx:?gn 

Offtake ds.tche,a a r e  s s g u i ~ e d  and w e  d o  not h e s i t a t s  t o  
bui ld  these  as wc have fo t~nd tha3 they are worthwhile., The 
frequency, s i n e ,  and length  -,of offtak~1.8 d a p e ~ d  on th? genera l  
condi t ions ,  and I cannot g iv?  any seS sube f o r  putt1n.g them i n  
except t o  say t h a t  they aJas an i ~ g o ~ t a n t ;  adjunct  t o  t h e  road and 
should never be neglec ted ,  

What I J u s t  d e s a ~ i S e d  holds t r u e  rnaiw:y f o r  scad bui ld ing  
over t he  muskegs of ns~Shez-n Qwtario,  ELaewhzse i n  t h e  l oca t i on  
l i n e ,  t he  problems a r e  She usual  0 x 8 ,  i c e , ,  removal ~f t r e e s ,  
c l e a r i ng  t o  the  subso i l ,  bui ld ing  up t he  grade above t h e  wa t e r l i ne ,  
d i t c h i ng ,  I n s t a l l i n g  c u l v e r t s ,  removal of boulders ,  c u t t i n g  down 
t o  t h e  requ i r sd  g rad ien t ,  and surfac ing .  If we can f i n d  an esker  
on the  l ocz t i on  l i n e ,  we fol low it a s  t h i s  $ype of ~ F O L L ~ ~  a f f o r d s  
t h e  cheapest construction c o s t ,  

We have found that. t h e  cos t  per mibe ave r  m~~akeg  i s  
about t r i p l e  t h a t  f 3 k v ~ n ~ t r u c t i n , g  a -gad eve@ ~rdiaaa-y swamp 
country,  highland, and sandy area.s. 

Gravel p i t s  a-e u s q ~ s l l y  hard t o  f i n d  and nevep seem t o  
be c lose  t o  t h e  m a d  job, and the search i e  for  2heaper su r fac ing  
m a te r i a l .  Althcugh g rave l  f a  exce l l en t  sur fac ing  ma te r i a l  f o r  our  
type of bush roads and the  c o s t  high,  I t  is  s t i l l  cheaper than  
o th e r  types .  However, w? have considered o t h 6 ~  treatment  of t h e  
su r face ,  such a s  s o i l  cement, c a l c L m  ch lo r ide ,  waste su lph i t e  
l i q u o r  from cur  own m i l l s ,  aad ~ t h e ~ s ,  3ut  w e  always come back 
t o  g rave l .  The other  typas cP susfse ing  a re  much more c o s t l y  a t  
f i r s t ,  besides being high f33- maintenance as they requ i re  
spec ia l i zed  equipment, Gravel can be hauled f r c m  out-of-the-way 
places  i n  wintes  and s tock-pl led  f o r  suwer use or even put i n  
place d u r i ~ g  the  win te r ,  



I would l i k e  now t o  t a l k  about t h e  equipment t h a t  i s  
used over  t h e s e  roads  and t h e  loads  t h a t  t h e y  must b e a r ,  If t h e  
road i s  used f o r  a c c e s s  purposes  o n l y ,  i.e., f r e i g h t i n g  i n  camp 
b u i l d i n g  m a t e r i a l s ,  moving equipment, handl ing  camp s u p p l i e s ,  
t r a n s p o r t i n g  men, moving gas  and o i l s ,  e t c - ,  t h e  loads  are*'  
r e l a t i v e l y  l i g h t  and no t  f r e q u e n t .  Fo r  example, 3- o r  '+-ton 
t r u c k s  a r e  used hau l ing  l o a d s  of 6 t o  7 t o n s ,  t r a c t o s s  weighing 
20 t o n s  a r e  moved on low beds,  l i g h t  t r u c k s  and c a r s  t r a v e l  t h e  
road .  Mainly, t h e  use  i s  n o t  cons t an t  and t r i p s  w i th  one type  of 
u n i t  may only  be twice a w e e k .  I n  wet weather ,  t r i p s  may be 
convenien t ly  postponed and t h e  muskeg road a l lowed t o  d r y  o u t .  
I n  t h i s  way, we a r e  a b l e  t o  keep maintenance c o s t s  down t o  a 
minimum. O f  course ,  i n  w i n t e r  t h e r e  i s  no problem f o r ,  once 
t h e  f r o s t  s e t s  i n ,  i t  becomes a m a t t e r  of keeping t h e  snow o f f  t o  
permit  e a s i e r  t r a v e l l i n g .  The pu re ly  a c c e s s  road w i l l  al low 
speeds of 20 t o  25 mi l e s  p e r  hour  i n  s m e s  and s l i g h t l y  h ighe r  
i n  w i n t e r ,  depending on c o n d i t i o n s .  

There i s  a t r e n d  i n  our  i n d u s t r y  t o  c a r r y  ou t  summer 
h a u l i n g  of pulpwood over  t h e  a l l - w e a t h e r  roads  t h a t  have been b u i l t  
as combination a c c e s s  and h a u l  roads  which, as I have po in t ed  o u t ,  
do c r o s s  muskegs. S p e c i a l l y  designed t r u c k s  and s e m i - t r a i l e r s  a r e  
being brought i n t o  u s e ,  which i n  themselves weigh 20 t o n s  o r  more. 
On t h e  s e m i - t r a i l e r s ,  we load  seven t o  e i g h t  co rds  of g reen  pulp-  
wood, each weighing about 2 3  t o n s ,  o r  a t o t a l  load  of 17s t o  2Q 
t o n s .  The t o t a l  impact on t h e  eoad then  i s  around 40 t o n s  and 
might be g r e a t e r .  There would be s e v e r a l  such units, each making 
f o u r  o r  f i v e  t r i p s  p e r  day over  t h e  road ,  The speed of t h e s e  
h a u l i n g  u n i t s  i s  u s u a l l y  l i m i t e d  t o  a maximum of 15 m i l e s  p e r  hour  
whi le  under load  and 20 m i l e s  p e r  hour  duping t h e  r e t u r n  t r i p ,  
Therefore ,  you w i l l  see  t h a t  our  muskeg h a u l  roads  t a k e  a l o t  of 
abuse and must be p rope r ly  designed and b u i l t  t o  w i ths t and  t h e  
heavy loads .  

What I have s a i d  mainly a p p l i e s  t o  n o r t h e r n  Ontar io .  
The muskegs i n  n o r t h e a s t e r n  Manitoba a r e  much worse inasmuch as 
t h e  e n t i s e  f o r e s t e d  a r e a  i s  broken up w i t h  ve ry  l a r g e  f l o a t i n g  
bogs which have l i t t l e  o r  no t r e e  growth on them. So fa?, t h e r e  
a r e  no t  ve ry  many a l l - w e a t h e r  roads  b u i l t  i n  t h i s  s e c t i o n  of t h e  
Province,  but muskegs and bogs have been avoided i n  t h e i s  r o u t e ,  
I n  my Div i s ion ,  we have only  one a l l -wea the r  a c c e s s  road ,  b u i l t  
by t h e  Company, which fo l lows  a r i v e r  d ra inage  , There a r e  s o f t  
a r e a s  even i n  t h i s  l o c a t i o n  from which w e  have had t o  d i s c a r d  
t h e  t o p  o rgan ic  m a t e r i a l  and g e t  down t o  t h e  s o l i d  c l a y  s o i l .  
You a r e  perhaps aware t h a t  t h e  bes t  farming s o i l  i n  Manitoba i s  
a heavy b l ack  muck, which i s  very  f e r t i l e .  Th i s  type  of s u b s o i l  
ex tends  i n t o  t h e  f o r e s t e d  a r e a s  and i s  n o t  a t  a l l  l i k e  t h e  gumbo 
o r  pods01 s o i l  of t h e  c l a y  b e l t .  I was s u r p r i s e d  t o  no te  t h a t  
f o r e s t e d  a r e a s ,  c l e a r e d  o f f  i n  t h e  f a l l  o r  w i n t e r ,  were growing 
an a g r i c u l t u r a l  c rop  t h e  fo l lowing  swnmes, Th i s  w i l l  g i v e  you 
some i d e a  of t h e  growing q u a l i t i e s  of t h i s  s o i l .  Due t o  t h e  
u s u a l l y  low annual  r a i n f a l l ,  which i s  16 t o  17 i nches ,  and l a c k  
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of roads  i n  Manitoba t h a t  ape only 
of , g a v e l ,  t- z r z  2 - ?r;t - graded c l a y , "  
O u r  I s ? e s s  road i s  g rave l  sur faced  only i n  t h e  wo-st s p o t s p  ar.d 
K e  h;vz found t h a t  by having t h e  sight-qf-way c lea red  t o  i50 f e e t ,  
daying i s  very s a p i d ,  and w e  experience very few de lays  dll-ing 
t t ~ e  open season due t o  t h e  condi t ion  of t he  r e a d ,  Thas 1 3  

important because with a low annual raiqr"al1,  t h e  f o r e ~ t  firs 
~ i s k  i s  g r e a t l y  increased and we have t o  be a b l e  t o  g e t  i n  w i t h  
men and equipment wi th  t h e  l e a s t  poss ib le  de lay .  

Tha genera l  topography i? our p a r t  of Ina-~ i tob% i a  f l a t ,  
with rock r i d g e s  which car1 be s i rc~mver~Lee-  '.!-en a win te r  ktdu? x a d  
Is  be2~zg l o c a t e d .  The tirnbez Is g o t  510 heavy and xinl-*?s ha111 
roads can b'3 bi~l ldozed f o r  a s  l i t t l e  as $150 p e r  % i l - ? ,   XI^; our  
p r a c t i c e  30 do t .h ls  work i n  win te r  a ?  1% i s  irr,po:;sible t o  d i ,  SILqmer 
SulLdozing eve? t he  muskegs and pas$%cul arl;; f i o a t i n g  Sogs . 
Vegetation Ls ccxnpletely c l e a r e d  otf sy~d  s?.s~ma griibbed ? l ~ . $ ,  Thus 
we have a su r face  which cay be e s s i l y  l e v e l l e 2  onea t h e  f r c s t  ha3 
s e t  in. We keep the  snow c l z a ~ e d  o f f ,  and as  a result ,  ~ 3 . " :  a ~ d  
tdsucks can run anywhere ovsr  fbese  bulldozed ~ o a d s  i n  t h e  winte:-, 
Plllpwood i s  nsuled by t r u c k ,  t r u c k  and s e m i - t r a i l e r s  fTuckt: d!ld 
s l z i g h  t s a i n s ,  and by t r s e t . o r s .  We h a v e  f o - a d  t h a t  t h i s  type of 
road c o ~ s t r u c t i o n  i s  the  cheapest and 80 f a r  we have been able t o  
avold c a s t l y  cons t ruc t ion  of graded roads ove- t h e  muskegs, 

how eve^, t h e r e  i s  on,? psoblea t h a t  f a c e s  us  eech yea r ,  
arid t h a t  i s  t h e  breaking out of these  win te r  haul  roads sftzs t h e  
snow has come and b e f o ~ e  th.: C m s t  kiss a chance t o  pen.et?a$e, The 
nmskegs and bogs do no t  f r e e z e  to any appreciable degree if" ther;e 
Is an insulating blanket of snaw, L a s t  f a l l  an abnormal % ~ 2 ~ t  of 
rainfall was experienced which l e f t  t h e  swamp3 supeseatusated;  th .e  
snow a r r i v e d  before t h e  f r o s t .  Faced w i t h  prepar ing  a .?a2, we 
were doubt fu l  a s  the  a d v i s a b i i i t y  sf sending a anownoblie over th.2 
bog, and s o  w e  sent  men wi th  snowshoes i n  t . 2  tramp down t h e  sno?.r, 
Then, af'tes ararn.3 Zrost  came, a anowmcSlle was passed ovq?r 2 . t .  Whl.le 
wai t ing  %OF t h e  road t o  f s z e z e ,  proq'nzessively heav ie r  t nac . to r s  rrfiere 
st?at OGSF 5% hut.  this was d.1$cont:-,v.ued a f t ? r  a t r a c t o r  sa?k: Ir! 
the bog, and l a t e r  a t r ack load  of p~alpwoad was 'arced o f f ,  The 
e x t r a c t i o n  of these  ~ m i t s  meant a l o s s  of time, money and p ~ r ~ d u c t 2 o ~ ,  
3 mention these  %hifigs so t,hat. yoln can apprecirke why o u ~ s  i s  
b a s i c a l l y  a winteza opera t ion  i n  _Fnag.!t cba. 

S u f f i c e  it t o  say t h a t  a l l -wea the r  rcads b ? ~ l % t  tc d 2 t ?  
are access  m a d s ,  Haul roads asp bul ldr~zed a.cd ~ n ! y  u5)3d i r i  t h e  
wirites t ime, and we a r e  very c a r e f u l  i n  khe use of equipment ts 
break ou t  roads urnti1 we are sure  t h a t  a good s c l i d  b o t t ~ r n  has 
b ~ e n  p r e p a ~ e d .  

Vow 3 would l i k e  t o  say something sbout sezondssy a - c ~ s s ,  
which i n  my mlnd, i s  simply a q u e s t i m  cf making what we c ? ? l  3 
t o t e  m a d .  In our  business ,  a t o t e  rosd  i s  j u s t  a t = . a f l  ?hats h a s  
t o  be used I n  t h e  open season f o r  Infrequent  t ~ i p s  +?  s u p p l ~  a 
camp, o r  constructior? job,  but may a l so  be used t c ;  t ~ d m s p 2 r t  f i r e  



f i g h t i n g  equipment. It always fo l lows the  l i n e  of l e a s t  r e s i s -  
tance and s t a y s  p r e t t y  much t o  t h e  high ground. It may be 
crooked o r  s t r a i g h t ,  depending on the  l a y  of t h e  land ,  but 
i n v a r i a b l y  i s  never over 30 f e e t  wide. A team and wagon may be 
used on i t  o r  a small  t r a c t o r  wi th  a jumper o r  s loop.  The loads  
never exceed a t o n  and a r e  u s u a l l y  much l e s s .  There a r e  s e v e r a l  
u n i t s  being developed by var lous  equipment manufacturers f o r  use 
on such roads .  It was my privilege t o  see one of these  ;uzits, 
which I t h ink  would be u s e f u l  t o  us ,  being t r i e d  out l a s t  summer, 
nea r  Chip Lake j u s t  west of Edmonton. The manufacturers of 
Bombardiers have turned out a small  l i g h t  t r sc tc . r - type  s~owmobile ,  
which they a r e  c a l l i n g  the  J 5. This  i s  a one-man u n i t ,  which can 
haul  a wagon, s l e i g h ,  o r  s loop,  and I bel ieve  i s  s t rong  enough t o  
haul  pulpwood i n  the  win te r .  I am g r e a t l y  i n t e r e s t e d  i n  t h i s  u n i t .  
Weighing s l l g h t l y  over a t on ,  i t  can be used not  only f o r  t o t i n g ,  
but a l s o  t o  break out the  w t n t e r  haul  roads over the  bogs without 
t o o  much dander of becoming rnaropned because i t  i s  supposed t o  
f l o a t .  There a r e  hand t r a c t 0 r s . c n  t h e  market which can handle 
f i r e  f i g h t i n g  equipment and which can be assembled and disassembled 
i n  a  ma t t e r  of minutes by one man. 

These developments, I be l i eve ,  a r e  l i m i t e d  i n  use t o  
the  t o t e  road phase of our operat ions as t h e  t r end  i s  toward more 
and b e t t e r  al.1-weather roads t o  speed up operat  ions ,  improve 
e f f i c i e n c y ,  and inc rease  product ion ,  

Methods of bu i ld ing  a t o t e  road have not changed very  
much i n  the  l a s t  few yea r s .  They a r e  u s u a l l y  cut  by hand, w i t h  
t he  t r e e s  cu t  f l u s h  t o  the  ground. The reasons f o r  t h i s  a r e  t h a t ,  
i n  the  f i r s z  p lace ,  t h e  su r face  1s not  d i s tu rbed  and secondly,  
the  r o o t  system of spruce being shallow, a  bearing su r face  i s  
provided. When it  i s  necessary t o  c ross  a swamp o r  muskeg wi th  a 
t o t e  road, a l l  t h e  brush from the  t r e e  t o p s  and even the  main stems 
of' t h e  smal ler  t r e e s  a r e  thrcwn r i g h t  ac ross  t h e  road. This  
provides a bearing sur face  f c r  t h e  f r e i g h t i n g  -&.nit and he lps  hold 
it up. Sometimes i t  i s  necessary t o  l a y  corduroy i n  t h e  road i n  
t h e  r e a l l y  bad p laces ,  hut t h i s  Is usua l ly  avoided as it i s  c o s t l y  
acid nus t  be kept i n  good r e p a i r .  

Pole t r a c k s  and plank roads were considered a satis-  
f a c t o r y  means of c ross ing  muskegs w i t h  t o t e  roads,  and f o r  some 
p laces ,  they were the  bes t  methods. I imagine you can s t i l l  see 
the  of some of t h e  o ld  pole  t r a c k s  and plank roads t h a t  
were i n  use by the  Eas te rn  Canadian pulpwood indus t ry .  These 
types  were c o s t l y  t o  bu i ld  and expensive t o  maintain and, as a  
r e s u l t ,  were only used when no o the r  method could be found. I 
am not aware of any pole t r a c k s  o r  plank roads p r e s e n t l y  i n  use 
i n  Eas tern  Canada, a l though t h e r e  may be some i n  a few very  
i s o l a t e d  s p o t s .  The t rend i s  more and more t o  a l l -wea the r  access  
roads which, even though by comparison c o s t l y  t o  c o n s t r u c t ,  a r e  
cheaper i n  the  long run because of t h e  r e s u l t i n g  increased volume 
and product ion.  



It could b  s a f e l y  s a i d  t h a t  winter  roads over muskegs 
a r e  secondary access  even though t h e i r  prime purpose i s  f o r  t h e  
e x t r a c t i o n  of pulpwood. If we cons ider  thena'as such, then  the  
fol lowing po in t s  a r e  of i n t e r e s t .  

With t h e  long,  cold Northern Canadian win te r  wi th  no 
r e a l  thaws u n t i l  break-up, t h e  muskegs do make t h e  bes t  haul  roads 
because they  a r e  genera l ly  f 1.a.t and s t r a i g h t  roads can be l a i d  o u t .  
Once c u t ,  they  do not  grow up again  f o r  a t  l e a s t  50 years  and 
perhaps more. They m n  be clearec! vesy cheaply.  Provid.ed an 
opera tor  i s  w i l l l n g  t o  take a chance wi th  h i s  equipment i n  breaking 
the  road,  the  w e t t e r  t h e  .~nuskeg, i;i-le batter t h e  soad because a l l  
t he  holes  f i l l  w i th  water and f?reeze l i k e  a  l a k e .  I n  t h i s  cond i t ion ,  
they  w i l l  support  heavy loads  because of' t h e  f i b r o u s  m a t e r i a l  t h a t  
f r e e z e s  i n t o  t h a  T e e .  W?"' Lbnout c01.d weathers f r s e z l n g  condi t ions  
and l ~ n g  w i n t e r s ,  t h e  East,ex3n Canad.ian pi~lpwood indus t ry  ,201rl.d not  
take  c f f  :ts annuai. kiarvest of about .l0,Q0OEOOQ u n i t s ,  Conseq!lerrt.ly, 
the  pulpwood lcgging opera t ions  are mainly wint.er proposLtions.  

Access roads over muskeg f o r  logging opera t ions  serve  as 
a means of f i r e  p r o t e c t i o n  a s  w e l l ,  and t o r  t h i s  purpose t h e r e  a r e  
not enough roads khro>-@out t h e  f o r e s t s  of Canada. Indus t ry  I s  
cons t ruc t ing  a s  f a s t  as condi.tio.qs w i l l  permit and goverrunents a.-re 
doing t h e l r  p a r t ,  but i t  i s  not, f a . s t  enough as wi tness  the  b?.uge 
a r e a s  t h a t  a r e  burned annual ly  because they  c a n n ~ t  3e reached 
quickly  by mer_ w i t h  equipment, A l l  l a r g e  f i r e s  a r e  small  ones at. 
t he  s t a r t ,  and it  is impostant t o  a t t a c k  thzm when they  ar+e small. 
It i s  t .rue t h a t  a i r c r a f t  p lays  an Smpcr+ant. p a r t ,  and of r ecen t  
yea r s ,  the  h e l i c o p t e r  has  become a. f:ire f igb t ' i ng  unit,. Buf t h i n k  
bn~,ir much more e f f e c t i v e  man could be lr t h e  f o r e s t s  were a c c e s s i b l e  
rr:rv1.gh an adequate network of raads .  The time w i l l  come no doubt 
i;rl-)pr: S L ~ C , ~  w i l l  be t h e  case ,  but ir, t h e  mean.time, we must content  
? ; l r s e l X ~ e s  wi3h f i g h t i n g  t h e  muskegs, a ~ d ,  unt2.l some economical. 
s o l u t i o n  1 s  fcund t o  the  problem of get t i r ig  a c r o s s  them, we w i l l  go 
,39. " f i g h t i n g  " them. 

I n  conclusion I would Il.ke t o  make a f e w  ge~er .aL 
observat ions .  

We have f o - ~ r ~ d  t h a t  roads should be cut  a  yea r  %head of 
operatl.cr,s a s  bul ld9zing  u s u a l l y  makes t h e  f?ozen crust, of: t h e  
muskeg o r  bog very raugh and we have fomd t h i s  w i l l  s e ~ t l e  down 
dur ing  t h e  summer. 

Any snow a t  a l l ,  2ven 2 inches,  w i l l  r e t a ~ d  t h e  fx-eezlag 
of a muskeg. I n  f a c t ,  we have found t h a t  a muskeg wi th  nc m o w  
cover and exposed t o  extreme low temperatuses might not f s g  Q Z Z ?  

because any moss pro t ruding  above t h e  genera l  water-level makes 
p e r f e c t  i ~ s u l a t  i o n .  

Snow o r  no snow, muskeg mads have t o  be packed d ~ w n  
u n t i l  t he  water  comes up. 'This is f o r  a w i n t e r  haill road ,  For  



an a l l -weather  graded road, we have fo-md t h a t  t h e  grade has t o  
be 5 t o  6 f e e t  above t h e  wa te r - l eve l .  

Packing t h e  road down t o  ob ta in  a  bottom i s  t h e  f irst  
and most important opera t ion  i n  p ~ e p a r i n g  a  winter  haul  road .  

Once the muskeg i s  f rozen  down 4 t o  5 inches,  we plow 
off  any excess of snow t h a t  has not  been f rozen  hard.  

The road has t o  be dragged t o  c u t  of f  the  high spo t s  and 
f i l l  t he  ho les .  Severa l  t r i p s  with t h e  drag  a r e  r equ i red ,  wi th  
inc reases  i n  weight being added a f t e r  each t r i p ,  t o  complete t h e  
bottom f o r  a p e r f e c t  road. 

J u s t  as it  pays t o  go out of your way t o .  avoid deep 
muskegs on a graded road,  we have found t h a t  i t  pays t o  fol low 
these  wi th  a winter  hau l  road.  

Since t h e  war, a e r i a l  photographs have become t h e  
loggers1  maps. The spec ies  of t imber can be e a s i l y  d iscerned.  A 
l o g g e r ' s  knowledge of t r e e s  can usua l ly  t e l l  him t h e  depth and 
na tu re  of t h e  s o i l  they  a r e  growing on. This  i s  important because 
i t  e l imina tes  c o s t l y  f i e l d  i n v e s t i g a t i o n .  

Our access  requirements over muskeg, whether primary 
, o r  secondary, a r e  unique i n  t h a t  they  must f i r s t  of a l l  serve  a 
prime f u n c t i o n  which i s  pulpwood logging.  We a r e  i n t e r e s t e d  i n  t h e  
cheapest cons t , ruc t ion  methods, which a t  the  same time w i l l  be 
1 a s t i n g . f o r  t h e  tenure  of t h e  a r e a s  t h a t  we have under l i c e n s e .  
Our t r a f f i c  i s  c o n t r o l l e d ,  and our equipment might be c a l l e d  
s p e c i a l i z e d .  Unlike pub l i c  highways, w e  can s e t  up our  own 
s tandards  t o  meet the  cond i t ions  we have t o  work wi th .  Thus I 
would not  promise t o  give advic.e on how t o  bu i ld  roads i n  muskegs 
because our p o l i c y  of fo l lowing dra inages  f o r  a l l -weather  roads 
and adequate l o c a t i o n  surveys have kept us  awaygrom t h e  
spec tacu la r  problems t h a t  r e q u i r e  s p e c t a c u l a r  s o l u t i o n s  and c o s t s .  

Discussion 

The Chairman thanked M r .  Harrison f o r  t h i s  r e p o r t  and 
opened t h e  meeting f o r  d i scuss ion .  D r .  Radforth brought t o  l i g h t  
d i f f e r e n t  techniques used i n  road bu i ld ing  over muskeg. He 
s t a t e d  t h a t  var lous  companies adopt c e r t a i n  methods t o  d e a l  wi th  
t h e i r  own problems, and use those methods which seem bes t  f o r  
t h e i r  ind iv idua l  needs.  



Sect ion  5 

Engineering C h a r a c t e r i s t i c s  --- of Western Muskeg 

Dean R .  M. Hardy 

This  paper w i l l  revlew what i s  known of t h e  engineering 
p rope r t i e s  of muskeg and at tempt to de l i nea t e  t h a t  which i s  not  
krlown but might be of value t o  those  concerned wi th  problems of 
access  over muskeg a r e a s .  It f s  a l s o  intended t o  d i r e c t  
a t t e n t i o n  t o  research  t h a t  might be undertaken on t h e  sub jec t .  

Organic t e r r a i n ,  as defa.ned by D r .  N.W. Radforth, 
i s  the  r e s u l t  of t he  g r ~ w t h  of organic ma t e r i a l  under condi t ions  
of excessive moisture and with only s l i g h t  oxidat ion  of t he  dead 
ma te r i a l .  The wet condi t ions  conducive t o  muskeg grawth a r e  the  
r e s u l t  of poor drainage i n  s o i l s  of s l t y  o r  f i n e  sandy types  
immediately below the  groruxd su r f ace .  Tk-eee a r e  usua l ly  under la in  
by h ighly  impermeable s ~ i l  types  such 3s  c l a y ,  sha le  o r  rock, so  
t h a t  a  "perched" water  t a b l e  e x i s t s  above t he  hard bottom. 

A wide v a r i e t y  of muskeg condi t ions  a r e  encountered 
i n  na ture  wi th  degrees of suppor t ln3  p ~ w e r  ranging from t h a t  of 
a  heavy s l u r r y  t o  t h a t  of s o f t  mud. The depth t o  t h e  hard bottom 
i s  a f a c t o r  of considerable i n t e r e s t  and it has been found t h a t  
t h i s  v a r i e s  widely i n  d i f f e r e n t  a r e a s ,  I n  Ontario the  Department 
of Highways has  repor ted  t h a t  the  depth t o  hard bottom seldom 
exceeds 15 f e e t .  However, In  Alberta  the  petroleum exp lo ra t ion  
people have found it  50 extend t o  depths of 50 t o  60 feer,  and, 
occas ional ly ,  even more. A t  a  l oca t i on  west of Edmonton t he  hard 
bottom was computed t o  be a t  a  deykh of 150 t o  L6Q f e e t .  

It i s  c h a ~ a c t e r i s t i c  of s a tu r a t ed  f i n e  sands 2nd 
s i l t s  i n  a  loose s t a t e  t h a t  they  have low shear ing  s t r e n g t h  and 
a r e  r e a d i l y  l i que f i ed  by d is turbl r -g  fo r ce s .  They tend t o  "quick" 
when d i s t o r t e d  o r  d is turbed under veh ic le  loads .  This  I s  one 
reason why roads f l o a t e d  on t h e  t o p  of muskeg ge t  out af  shape 
so  quickly.  

The phenomenon of l i que f ac t i on  i s  of cons iderable  
i n t e r e s t  and one about which very l i t t l e  is  known concerning 
i t s  fundamental ca.uses, A road b u i l t  over  loose  s a t u r a t e d  s i l t  
o r  f i n e  sand may be capable of s a t i s f a c t o r i l y  ca r ry ing  a s ing l e  
pass of a veh ic le  w i ~ h  no apparent  damage t o  the  road-bed, 
However, i f  say t en  veh ic les ,  one a f t e r  t he  o the r ,  a r e  moved 
along the  road gradual  l f que fac t i on  of t he  subso i l  may occur 
and f i n a l l y  the  road becomes impassable. With such a loading 
condi t ion  - t h a t  i s ,  s eve ra l  veh ic les  t r a v e l l i n g  on a  c lose  time 



i n t e r v a l  - t h e  bes t  remedy for t h e  l i q u e f a c t i o n  e f f e c t  is t o  
remove the  t r a f f i c  from the  road f o r  a period t o  permit t h e  s o i l  
t o  " s e t  up" again .  There i s  a r e a l  need f o r  rezearch  i n t o  t h e  
mechanics of t h e  l i q u e f a c t i o n  of loose . s a t u r a t e d  e l l t s  and 
f i n e  sands.  

The f i n e  sands and s i l t s  c h a r a c t e r i s t i c  of s o i l s  
support ing muskeg growth a r e  of a type i d e a l  f o r  i c e  segregat ion ,  
t h a t  is  f o r  t h e  fommation of i c e  l e n s e s  i n  the s o i l ,  under 
f r e e z i n g  condi t ions .  Thus road-beds b u i l t  on muskeg are subjec ted  
t o  severe heaving dur ing  t h e  win te r ,  and t he  f ~ r m a t f o n  of s e r i o u s  
f r o s t  b o i l s  dur ing  and immeaihteiy a f t e r  the  sp r ing  break-up. 

The f i n e  sands and s i l t s  aizJc c o n s t i t u t e  t h e  most 
t reacherous  forms of pecfiafrost  i n  f'am, r.orthe,-s, r eg ions .  I n  t h e s e  
s a i l s  the  formation of th? permafrost  is ~ ~ s u a l b y  accompanied, by t h e  
growth of s u b s t a q t i a l  ice  l enses .  The muskeg cover i n  such a r e a s  
provide an excelleri t  i r ~ s u l a t l o n  f o r  t h e  permafrost and ccr~sequent. ly 
t h e  th lcknees  of t h e  a c t i v e  l a y e r ,  t h a t  i s ,  t h e  depth of thawing 
i n  sumrner, may be only a few inches  below the  orgaEic cover.  
However, i f  t h e  muskeg Fs removed o r  i f  i t  i s  zornpressed by a  
road-bed fill, i t s  i n s u l a t i o n  v a l v e  i s  Lost and an a c t i v e  l a y e r  
s w e r a i  f e e t  t h i s k  Flay ceve lop  i n  t h e  s - ~ r n v e ~  wi th  d iszs t , rous  
rea i l l t  s t o  t h e  plmd. Aszl-xate d a t a  o:; t h e  $.'1~1~.lat F OP charaot  e r i u -  
t i c s  of muskeg a r e  n c t  a v a i l a b l e  and h e ~ e  aga ln  is  a f i e l d  f o r  
~ 2 s e a r c h .  

S ta r~dard  t etk;nic;~es f o r  rcsd. cons t ruc t ion  i n  muskeg 
are3.s involye f l o s t i n g  the rohd-bed Oi? t og  of t h e  muskeg wi th  o r  

I I without the  use of " c o ~ d ~ u o y i n g "  o r  pL~nchinl ' ;  displacing t h e  
ur?derlying a m t a b l e  mat erlal , t h u s  sinkJ.ng t h e  road ernbsn-bent 
t o  a s t a b l e  bottom by nieans of blastil-g, hydraul ic  p ressu re  o r  
simply weight; of errhaalkment ; o r  by pre-c~:?. ,qolidat i n @ ;  t h e  urzderlying 
1 1 ~ ~ t a S l e  m a t e r i a l  by t h e  use of sanC drains and a  surcharge of 
embznkment m a t e r i a l .  

The hazards ir; f l o a t i n g  t h e  road-bed on t h e  muskeg 
a r e ,  f h s t ,  t h a t  i f  a zer$aIn l i m i t i n g  he ight  and cross-sectional 
d l r n e ~ s i o n  of' ernbankmen5 aye exceeded then  t he  underlying m a t e r i a l  
w i l l  be f a i l e d  ir i  sl-,ear; second, l a r g e  a r d  i r r e g u l a r  se t t l ement s  
a r e  t o  be expected ancl t h i ~ ? ,  s s r i o : ~ ~  darage from f r o s t  a c t i o n  
may occlAr. I f  tke  a ~ i l  u d e ~ l y f n g  t he  muskeg Is f a i l e d  i n  s h e a r  
then  a t  such 1ccatto-s t h e  c o r s t r u c t i o l  has ,  o f  i t s  own accord,  
r eve r t ed  t o  a case w h e ~ e  the  displaeernerzt technfque must be used,  

A skear lng  f a i l u r e  develops by displacement of t h e  
s o i l  below t h e  yoad-bed extending down t o  t h e  top  of t he  hard 
bottom m a t e r i a l .  The s o f t  z o i l  i s  displaced  l a t e r a l l y  and farms 
a s e r i e s  of mud waves f o ~  a cl>nsiderable d ~ s t a n c e  on both s l d e s  
of t h e  yoad-bed. 

Theoret icaLly,  t h e  s a f z  embankment he igh t  a g a i n s t  a 
shear ing  fa i lu - re  and t h e  magnitude of se t t lement  t o  b e  expected 



can be computed but such computations r e q u i r e  a knowledge of t h e  
phys ica l  p r o p e r t i e s  of t h e  muskeg m a t e r i a l .  A he igh t  bf 10 f e e t  
was a r r i v e d  a t  i n  one such computation i n  my own experience.  
This  was subsequently proven t o  be c o r r e c t  w i t h i n  an accuracy of 
about 10  pe r  cent  by f a i l u r e  of t h e  embankment where the  computed 
he igh t  was exceeded. 

This  same case permi t ted  a  computation t o  be made 
f o r  t h e  average shear ing  s t r e n g t h  of the  wet s i l t  wi th in  t h e  
zone of f a i l u r e  below t h e  muskeg. It worked out t o  be 82 t o  
84 l b .  p e r  square f o o t .  This  is an exceedingly low shear ing  
s t r e n g t h  and means t h a t  the  s o i l  i s  s o  s o f t  t h a t  i t  cannot be 
s u c c e s s f u l l y  sampled and subjec ted  t o  l abora to ry  s t r e n g t h  t e s t s  
with any of the  convent ional  methods of sampling and t e s t i n g .  
The shear ing  s t r e n g t h  t h e r e f o r e  can only be determined by 
computation fol lowing a  survey of s e c t i o n s  which have f a i l e d  under 
load o r  by in-p lace  shear ing  s t r e n g t h s  us ing  a  vane bore r  o r  
p e n e t r a t i o n  t e s t s .  However, only a  very  few such s t r e n g t h  
de terminat ions  have been undertaken and only t h e  most meagre 
d a t a  a r e  a v a i l a b l e  concerning t h e  range of shear ing  s t r e n g t h s  
of muskeg s o i l s .  The success fu l  a p p l i c a t i o n  of ana lyses  of t h e  
s a f e  he ight  of road embankments placed on muskeg awai t s  the  
r e s u l t s  of f u r t h e r  r e sea rch  on t h e  s t r e n g t h  of the  s o f t  
s a t u r a t e d  s o i l s  underlying t h e  organic  cover.. In-place t e s t s  
using t h e  Swedish vane bore r  o r  a l t e r n a t i v e l y  p e n e t r a t i o n  t e s t s  
appear  t o  o f f e r  the  bes t  p o s s i b i l i t i e s  f o r  determining t h e  
shea r ing  s t r e n g t h  of the  s o f t  s a t u r a t e d  s o i l s  below the  organic  
cover.  However, d e s p i t e  the  l a c k  of s o i l  d a t a  t h e  f l o a t a t i o n  
procedure o f f e r s  the  most economical method a t  t he  present  time 
f o r  the  cons t ruc t ion  of low c o s t  o r  temporary access  roads over 
muskeg a r e a s .  

The ques t ion  i s  f r e q u e n t l y  asked: what i s  t h e  
e f f e c t  of p lac ing  "corduroying" o r  "punchin" on t o p  of t h e  
muskeg before bu i ld ing  up t h e  f i l l ?  It w i l l  have no value i n  
inc reas ing  t h e  s t a b i l i t y  of the  embankment a g a i n s t  a  shear ing  
f a i l u r e  i n  the  s o f t  wet s u b s o i l .  However, it w i l l  h e l p  t o  
d i s t r i b u t e  t h e  load over the  su r face  of t h e  muskeg, t h u s  
prevent ing  l o c a l  f a i l u r e  by r u t t i n g ,  and i t  a l s o  w i l l  have a  
b e n e f i c i a l  e f f e c t  i n  reducing the  s u s c e p t i b i l i t y  of t h e  
underlying s o i l  t o  l i q u e f a c t i o n  from veh ic le  loads  on t h e  road.  

There a r e ,  i n  genera l ,  f o u r  displacement methods 
which have been s u c c e s s f u l l y  used i n  bu i ld ing  road embankments 
over muskeg. The f i r s t  of these  involves r a i s i n g  the  he igh t  of 
t h e  embankment u n t i l  a  shear ing  f a i l u r e  occurs  i n  the  s o f t  wet 
s u b s o i l .  Addi t ional  f i l l  i s  added u n t i l  t he  s o f t  ma.teria1 i s  
completely d i sp laced  and t h e  embankment r e s t s  on t h e  hard bottom. 
The procedure i s  somewhat wa.stefu1 of f i l l  ma.teria1 and d.oes not 
produce a p a r t i c u l a r l y  s t a b l e  embankment. Considerable se t t l ement  
and d i s t o r t i o n  u s u a l l y  fo l lows but it  i s  l e s s  than  would occur by 
f l o a t i n g  the  f i l l  on the  muskeg. The economical use of the  method 



i s  u s u a l l y  confined t o  c o n d i t i o n s  where an embankment i s  r equ i r ed  
of a  he igh t  such t h a t  t h e  s u b s o i l  would be f a i l e d  i n  s h e a r  i n  any 
even t .  

The second displacement  method invo lves  t h e  p l a c i n g  of 
dynamite charges  i n  t h e  s o f t  s u b s o i l  below a  f i l l  f l o a t e d  on t h e  
muskeg. The dynamite b l a s t  d i s p l a c e s  t h e  s o f t  s o i l  l a t e r a l l y  and 
t h e  embankment f i l l  drops  t o  t h e  hard bottom. A more s t a b l e  f i l l  
r e s u l t s  t han  w i t h  the  method of g r a v i t y  displacement .  The method 
i s  a l s o  a p p l i c a b l e  t o  c o n d i t i o n s  where t h e  h e i g h t  of embankment 
r equ i r ed  i s  no t  enough t o  produce a  shea r ing  f a i l u r e  of t h e  wet 
s u b s o i l  and when a  more s t a b l e  embankment i s  r e q u i r e d  than  could 
be secured by f l o a t i n g  t h e  f i l l  on t h e  muskeg. 

The t h i r d  method i s  i d e a t i c z l  w i t h  t h e  second procedure 
except  t h a t  h y d r o s t a t i c  p r e s s u r e  produced. by puip ing  i n t o  g rou t  
p o i n t s  below t h e  f i l l  is used t o  d i s p l a c e  t h e  s o f t  s u b s o i l  and 
permit  t h e  f i l l  t o  drop t o  t h e  hard bottom. 

The f o u r t h  method invo lves  t h e  use of v e r t i c a l  sand 
d r a i n s  i n  t h e  s o f t  s u b s o i l  w i th  a  surcharge  load ing  t h e  embankment 
f i l l .  Rapid consolidation and i n c r e a s e  i n  s h e a r i n g  s t r e n g t h  of 
t h e  wet s u b s o i l  i s  induced a f t e ~  v~h ich  t h e  surcharge  load  is  
removed. More s p e c i f i c a l l y  12- L O  18-inch d iameter  c a s i n g  i s  
d r i v e n  v e r t i c a l l y  through t h e  s o f t  s u b s o i l ,  t h e  c a s i n g  i s  cleaned 
out  and t h e  h o l e  f i t t e d  wi th  coa r se  sand as  t h e  c a s i n g  i s  withdrawn. 
These v e r t i c a l  sand d r s i n s  a r e  p laced  on a spac ing  of approximately  
10  t o  12 f e e t .  A sand b lanke t  i s  t hen  placed on t h e  s u r f a c e  and 
t h e  embankment f I l l  bgj lt  up on t o p  of t h e  b lanke t  t o  a g r e a t e r  
he igh t  t han  t h e  f i n i s h e d  grade .  The exac t  h e i g h t  of f i l l  is  
computed on t h e  b a s i s  of t h e  s u b s o i l  c h a r a c t e r i s t i c ,  t h e  spac ing  
of t h e  d r a i n s ,  and t h e  number of months t h a t  t he  surcharge  load  
can be l e f t  on c o q s i ~ t ~ e n t  w i t h  t h e  c o n s t r u c t i o n  schedule .  A f t e r  
s e v e r a l  months t h e  surcharge  load  i s  removed and p laced  e l s e w h e ~ e .  
The procedure can produce a h i g h l y  s t a b l e  road s u r f a c e  but  it  
r e q u i r e s  a  h igh  degree of eng inee r ing  s k i l l  t o  s u c c e v s f u l l y  
apply  t h e  method. I t  i s  e l s o  expensive.  IL has been s u c c e s s f u l l y  
used on s e c t i o n s  of t h e  New J e r s e y  Turnpike i n  t h e  U.S,A., a s  w e l l  
a s  on a  number of i n d u s t r i a l  p l a n t  s i t e s .  However, t o  t h e  b e s t  
of my knowledge it h a s  never  been used i n  Canada. 

F a i l u r e  cond i t ions  i n  t h e  s o f t  s u b s o i l  a r e  always 
accompanied by s u b s t a n t i a l  defarrnations i n  t h e  s o i l  and s u r f a c e  
of t h e  embankment f i l l .  In hlgnway work t h e  c r i t e r i o n  t h a t  i s  
used f o r  t h e  des ign  of a s p h a l t  padements i s  a s u r f a c e  d e f l e c t i o n  
under wheel l oads  no t  exceeding 1/2 inch ,  o r  even l e s s  f ~ r  high  
q u a l i t y  r c a d s .  However, on muskegs a much g r e a t e r  s u r f a c e  
d e f l e c t i o n  can be produced by a  wheel l oad  wi thcu t  i t  n e c e s s a r i l y  
breaking through i n t o  t h e  s c f t  s u b e o i l .  Taklng t h i s  fac l .o r  i n t o  
c o n s i d e r a t i o n  l e a d s  t o  t h e  p o s s i b i l F t y  of us lng  ve ry  f l e x i b l e  
s u r f a c e  mats on muskeg t o  spread  t h e  wheel loacis t o  t h e  s o f t  
s u b s o i l .  A "baske t"  o r  a  "membrane" e f f e c t  i s  secured i n  



spreading the  load .  This p r i n c i p l e  has been taken advantage of 
i n  the  design of some of the  t racked equipment p r e sen t l y  used by 
t he  petroleum exp lo ra t ion  people i n  muskeg a r e a s .  

S a t i s f a c t o r y  t h e o r e t i c a l  analyses  a r e  not ava i l ab l e  
t o  permit t he  spread of load from a wheel through a highly  
f l e x i b l e  m a t  t o  be computed. This problem o f f e r s  one of t h e  most 
promising avenues f o r  research  t o  assist t he  petroleum exp lo ra t ion  
people i n  t h e i r  problems of access  over muskeg. 

In  conclusion, I would l i k e  t o  emphasize t h a t  i n  
my opinion t he  f i r s t  s t e p  which should be taken i n  working on 
t he  problem of access  over muskeg i s  have an exchange of ideas  
and experiences between the  p r a c t i c a l  f i e l d  opera to r s  of t h e  
petroleum exp lo ra t ion  f i r m s  and those who have a s c i e n t i f i c  
i n t e r e s t  i n  t he  s o i l  a c t i o n  ia~volved.  

Discussion 

The Chairman thanked Dean Hardy f o r  h i s  
i l lumina t ing  t a l k  and opened the  d iscuss ion  by asking i f  
Dean Hardy d id  not  t h ink  t he r e  were Canadian muskegs on 
which engineering t e s t s  could be performed, as was the  case 
i n  I re land .  Dean Hardy r e p l i e d  t h a t  t he  I r i s h  peat  could 
be handled as a  s o i l  and s o i l  mechanics t e s t s  c a r r i e d  out 
on i t ,  but it i s  i n  a much more decomposed s t a t e  than a r e  
our muskegs. 

I n  answer t o  o the r  quer ies ,  Dean Hardy 
emphasized t h e  importance of drainage i n  cons t ruc t ion  over 
muskeg. He a l s o  suggested t h a t  t he  rai lways might have 
some informat ion on cons t ruc t ion  over muskeg. With regard 
t o  the  sand d r a i n  method, Dean Hardy mentioned t ha t  i t  
involved some controversy.  A b u l l e t i n  from the  Highway 
Research Board suggests  t h a t  the  method i s  not t oo  
e f f e c t i v e .  However, from information ava i l ab l e  from the  
cons t ruc t ion  of t he  New Je r s ey  Turnpike, t he  A.S.C.E. 
recommends t h e  system. It i s  poss ib l e ,  though, f o r  bands 
of c l ay  and l aye r s  of f i n e  sand t o  cut  off drainage through 
t he  sand i n  t he  d r a in s .  



Sec t ion  6 

Muskeg Problems i n  Quebec Highway Construct ion 

J .  0 .  Martineau 

Ass i s t an t  Chief Engineer 

Department of Roads 

Province of Quebec 

( ~ e a d  by D r .  Radforth i n  t h e  unavoidable 
absence of M r .  Martineau) 

Road bu i ld ing  through muskeg has never o f fe red  
g r e a t  d i f f i c u l t i e s  i n  Quebec, except i n  some very p a r t i c u l a r  
c a s e s .  I n  t h e  southern p a r t  of t h e  Province, i n  which i s  t o  
be found t h e  g r e a t e s t  mileage of t h e  highway network, t e r r a i n  
of t h i s  na tu re  i s  r a r e  and g e n e r a l l y  i s  of small e x t e n t .  For  
t h i s  reason,  i t  can o f t e n  be avoided without much inconvenience, 
o r  worked through without much d i f f i c u l t y .  

\ I  

For many yea r s ,  u n t i l  about 1930, t he  technique 
of bu i ld ing  roads through muskeg cons i s t ed  c h i e f l y  of t h e  
l ay ing  of a m a t  made of logs  and brush, covered wi th  e a r t h  t o  
a depth of a few f e e t .  This  proved t o  be adequate f o r  t h e  
l i g h t  veh ic les  i n  use a t  t h e  time and a l s o  as a foqndat ion f o r  
t h e  g r a v e l  sur face  b u i l t  up by t h e  a d d i t i o n  of g ranu la r  m a t e r i a l  
as r equ i red .  

Even i n  those  days,  however, no tab le  f a i l u r e s  
occurred, p a r t i c u l a r l y  a t  c u l v e r t s  and br idge approaches. 
This was due t o  t h e  p r a c t i c e  of some m u n i c i p a l i t i e s  of bu i ld ing ,  
on such t e r r a i n ,  embankments c o n s i s t i n g  of heavy m a t e r i a l  such 
a s  f i e l d  s tone ,  o r  g r a v e l  conta in ing  l a r g e  s tones  and small  
boulders .  Gradual subsidence occurred,  even under l i g h t  
t r a f f i c .  The repeated  a d d i t i o n  of such m a t e r i a l ,  making t h e  
embankment s t i l l  heav ie r ,  r e s u l t e d  i n  f u r t h e r  and f a s t e r  
subsidence.  I n  one p a r t i c u l a r  ins t ance ,  on the  Lost River 
road nea r  Lzchute, a bridge and i t s  approaches, which werc 
about t h r e e  f e e t  above gro.und on one day, were -found t o  be 
s i x  f e e t  under water  t h e  next day. 

However, t h e  development of heav ie r  t r a f f i c  
brought some changes i n  t h e  manner of dea l ing  wi th  organic  
t e r r a i n .  For example, one of t h e  f a c t o r s  needing g r e a t e r  and 



g r e a t e r  c o n s i d e r a t i o n  i n  tne planning  of adequate t r a n s p o r t a t i o r ,  
f a c i l i t i e s  was d i r e c t n e s s  of r o u t e  t o  reduce mileage,  cu rva tu re  
and c o s t  of t r a n s p o r t a t i o n ,  and t o  i n c r e a s e  s a f e t y  and comfort .  
More than  e v e r  i t  became p r e f e r a b l e  t o  go through such t e r r a i n  
r a t h e r  t han  a r o w d  i t ,  

Furthermore with t h e  advent of very  heavy v e h i c l e s  
and h e a v i e r  and f a s t e r  t r a f f i c ,  i t  became necessa ry  t o  b u i l d  hard 
road s u r f a c e s .  The use nf nates  t hen  proved t o  be inadequate ,  
L ~ a r t ~ ~ c u l a r l y  due t o  t h e  v a r i a t i o n  occur r ing  i n  t h e  degree of 
subsidence over  t h e  l e n g t h  and even ovar  th.e width of t h e  road-bed. 
For  i n s t a n c e ,  i f  t h e  loads  c a r r i e d  in one t r a f f i c  l ane  were 
g r e a t e r  than  those  i n  t h e  o t h e r ,  t h e n  t h e  subsidence of t h e  road  
v a r i e d  acco rd ing ly .  Cmsequealt ly,  o t h e r  methods of s e c u r i n g  a  
more s t a b l e  base had t o  be c ~ ~ s i d e r e d .  

I n  t h e  shal low ssgacie t e r r a i n ,  it was found p r a c t i c a l  
t o  remove a l l  of t%c o b j e c t i o n a b l e  s o i l  aad t o  r e p l a c e  it with  
good m a t e r i a l .  Thus, a very s t a b l e  base was ob ta ined .  Th i s  
p r a c t i c e  i s  s t i l l  being  fol lowed i n  a l l  such c a s e s  on important  
roads .  

Such a method, however, was found t o  be t o o  c o s t l y  
where t h e  organic  s o i l  seach2d a  c e r t a i n  depth .  So i t  was t h a t ,  
i n  1931, a  new method ( a l r e a d y  used i n  t h e  United s t a t e s )  of 
s i n k i n g  good m a t e r i a l  by b l a s t i n g  sideways t h e  o b j e c t i o n a b l e  
m a t e r i a l ,  was r e s o r t e d  t o  in t h e  r e c o n s t r u c t i o n  of t h e  Montreal 
t o  Sherbrooke highway, e a s t  of Lake Crford .  I n  t h e  p rev ious  
t e n  y e a r s  two s u l v e r t s  had been l o s t  complete ly  over  a  s t r e t c h  
of t h i s  road.  

F i r s t ,  a  f i l l  of s t o n e ,  g r a v e l  and sand was b u i l t  t o  
a  depth  two f e e t  g r e a t e r  t h a n  t h a t  o f  t h e  s o i l  t o  be b l a s t e d ,  
a s  r evea led  f r m  prev ious  soundings.  Then, two rows of b l a s t i n g  
h o l e s  were dug ex tending  a l o ~ g  the  whole l e n g t h  of t h e  f i l l ,  
about f i v e  f e e t  from t h e  c e n t r e  l i n e .  They p e n e t r a t e d  t h e  whole 
dep th  of t h e  f i l l  and one-half  t h e  depth  of t h e  organ ic  s o i l  t o  
be removed. These were b l a s t e d  s imul taneous ly ,  Next, a  s i m i l a r  
s e r i e s  of h o l e s  were dug a long  t h e  o u t e r  p a r t  of t h e  f i l l  and 
a g a i n  b l a s t e d  s imul taneous ly .  It was t h e n  found t h a t  t h e  f i l l  
had complete ly  subsided and had d i s p l a c e d  t h e  under ly ing  o r g a ~ i c  
m a t e r i a l .  About 2,400 cubic  yards  of f I l l  were used over  a 
s t r e t c h  of about  200 f e e t  long ,  r each ing  a depth  of some 35 f e e t  
a t  a  c e r t a i n  p o i n t .  

By f a r  t h e  most d i f f i c u l t  case  e v e r  encountered i n  
t he  Province was t h a t  of t h e  She r r ing ton  swamp, some twenty 
mi l e s  sou th  of Montreal .  For  t h e  purpose of d i r e c t n e s s  of 
r o u t e ,  and t o  reduce t h e  c o s t  of t h e  r ight-of-way reeded f ~ s  
t h e  c o n s t r u c t i o n  of t h e  new fou r - l ane  d iv ided  highway between 
Montreal  and Champlain, New Yosk, i t  was decieed tc gc through 
t h i s  swamp f o r  a l e n g t h  of 8,900 f e e t .  Soundings r evea led  t h a t  



over a  g r e a t  p a r t  of t h i s  swamp t h e  organic  s o i l  reached a 
depth vzrying from twenty t; f i f t y - f i v e  f e e t .  

A small  shallaw stream, t h e  Montreal River ,  crossed 
the  swamp. The Prov inc ja l  Department of Agr icul ture  had 
decided t o  d i g  out t h i s  stream, making It t e n  t o  twelve f e e t  
deep, f o r  the  purpose of dr?.ining the  susrJour~ding land.  It 
had been thought t h a t  t h i s  w x k  would r e s u l t  i n  the  conso l ida t ion  
of a  s u f f i c i e n t l y  deep l a y e r  of organic  s o i l  t o  permit t h e  
bu i ld ing  of t h e  highway over a t  l e a s t  some p a r t s  of i t .  However, 
d r a i ~ a g e  d i d  not  prarre t o  be a  very g r e a t  advantage because of 
t h e  g r e a t  depth of the  organis  s o i l  i n  genera l .  The cons t ruc t ion  
method which was t r i e d  i r ~  t h i s  l o c a t i o n  cons i s t ed  of bu i ld ing  a  
very heavy s tone  f i l l ,  t he  t o e  of which was over~loaded wi th  f i l l  
m a t e r i a l  f o r  forced  subsfdence,  pushing the  organic  s o i l  sideways. 
The f a c t  t h a t  a s  mdch a e  5,000 yards of s tone  pe r  100 f e e t  was 
sunk i n  t h i s  manner proved Chat some degree of success  had been 
achieved. 

Unfortunately,  t h i s  method was not  e n t i r e l y  success fu l  
s ince  the  u r~der ly ing  inorganic  sol  L was not  s u f f i c i e n t l y  
c o n s i s t e n t .  What was r e a l l y  obtained b2 t h i s  method was, so  t o  
speak, a  f loa t i izg  f i l l  wi th  poss ib le  and even c e r t a i n  subsidence 
under v i b r a t i o n  by t r d f f i c  as was l a t e r  r e v e ~ l e d .  

The four- lane  highway, cf cement concrete  cons t ruc t ion  
elsewhere,  was b u i l t  over the  swamp w i t h  only t h r e e  l a n e s  wi th  
a  bituminous pavement, i t 1  order  t h h t  it c ~ u l d  be repa i red  more 
e a s i l y .  It w i l l  probably be inany years  before t h i s  s e c t i o n  of 
the  Montreal t o  New York highway can be r e b u i l t  a s  o r i g i n a l l y  
planned. 

Of l a t e ,  cjne of t h e  most innp0rt.an.t muskeg a r e a s  t o  be 
d e a l t  wi th  i n  the  Province i s  t h a t  of Havre S t .  P i e r r e  on t h e  
nor th  shore of t h e  Lower S t .  Lawrencc River ,  where a new 
secondary type g rave l  rc;ad is t o  'be bui1.t between 1-iavre S t .  P i e r r e  
and Mingan. Havre S t .  Pierare i s  surrounded by a larage expanse 
of organic  t e r r a i n  and t h e  only poss ib le  l o c a t i o n  f o r  t h e  new 
road i s  through t h i s  t e r r a i n .  -4 r a i l r o a d  had been b u i l t  by the  
company opera t ing  the  Al..lard ivll.ne, l oca ted  about t h i r t y  rni.1.e~ 
from Havre S t .  P i e r r e ,  and untold d : i f f i c a l t i e s  had been met wi th  
dur ing  and a f t e r  t h e  conetructi.on of t h e  ra . i i road .  

This  muskeg extends some f o u r  mi les  between 
Havre S t ,  P i e r r e  and Mingan. From the  a i r ,  t h e  t e r r a i n  looks 
l i k e  a  leopard sk in ,  beirig do t t ed  with nmlcrous l i t t l e  l a k e s .  
The muskeg s k i r t s  t h e  S t .  Lawrence River  and i s  crossed Sy 
two important s t reams,  the  Ainsly and Romaine r i v e r s .  It i s  
about t e n  f e e t  deep and l i e s  cn a  sand Sottorn. 

Since t h e  road was of secondary importance, 
i t  d id  not seem i u s t i f i a b l e  t o  excavate o r  t o  b l a s t  the  arganic  



s o i l .  Numerous g u l l i e s  e x i s t e d  s o  it was decided f l r s t  t o  
d i g  d i t c h e s  on both s i d e s  of the  proposed road. A year  l a t e r ,  
t h e  ground-level was found t o  be two f e e t  lower than  it 
o r i g i n a l l y  had been, The d r i e d  organic  sur face  l a y e r  had gained 
important support ing power. It i s  hoped t h a t  before long t h i s  
muskeg w i l l  have d r i e d  deep enough s o  t h a t  the  p ro jec ted  
secondary type g rave l  road may be b u i l t  over i t .  

On t he  Talbot Boulevard, between Quebec and 
Chicoutimi, numerous muskeg a r e a s  were encountered, none of 
which were of g r e a t  impcrtance,  A l l  of t h e  organic  s o i l  was 
excavated o r  b l a s t e d .  However it appears  t h a t  i n  one p a r t i c u l a r  
l o c a t i o n ,  near  Lake Sept I l e s ,  t he  c o n t r a c t o r ,  f o r  some reason,  
had f a i l e d  t o  remove a l l  of the  organic s o i l  and t r o u b l e  soon 
developed. The weight of the  f i l l  was pushing the  remaining 
organic  s o i l  sideways causing important subsidence of t h e  
road-bed and pavement. A s  t h i s  occurrence was being observed, a 
t o u r  of t h i s  highway wasmade by Dean R .  M .  Hardy, of the  
Univers i ty  of Alber ta ,  accompanied by engineers  of the  
Department of Roads. A t  h i s  suggest ion,  a counterweight f i l l  w a s  
b u i l t  on each s i d e  of t h a t  small  s e c t i o n  of t h e  highway, and no 
f u r t h e r  t roub le  has  been e x p e ~ i e n c e d .  

I n  the  A b i t i b i  reg ion ,  numerous muskeg a r e a s  e x i s t ,  
varying from t h r e e  t o  t e n  f e e t  i n  depth and l y i n g  on a very s o f t ,  
s i l t y  c l ay  bottom. Severa l  road s e c t i o n s  have been b u i l t  over 
a l o g  and brush mat, and a d d i t i o n a l  g rave l  has t o  be spread now 
and then where subsidence occurs .  A t  Macamic, soundings have 
revealed a l a y e r  of t h r e e  f e e t  of organic  s o i l  overlying a l a y e r  
of approximately t h i r t y - f i v e  f e e t  of t h i s  kind of c l a y .  The 
problem here ,  as o f t e n  met wi th  elsewhere,  i s  not  t h a t  of dea l ing  
wi th  t h e  organic  s o i l  bu t ,  indeed, wi th  the  i n c o n s i s t e n t  under- 
l y i n g  s o i l .  Un t i l  a more advanced technique of' road bu i ld ing  i n  
muskeg a r e a s  i s  developed, t h e  Department w i l l  continue t o  d e a l  
wi th  them a s  fo l lows ,  according t o  cond i t ions  and requirements:  

1. Avoiding organic  t e r r a i n ;  
2 .  Drainage t o  the  g r e a t e s t  poss ib le  depth; 
3. Building support ing mats of logs  and brush; 
4 .  Building a wide sand m a t  by s t a g e s  and grading; 
5. Excavating the  organic  s o i l ;  
6 B l a s t i n g  the  organic  s o i l ;  
7. Forced subsidence by overloading; 
8. V e r t i c a l  sand d r a i n s  t o  has ten  conso l ida t ion .  



Sec t ion  7 

Limita t ions  i n  Assessing Subsurface Organic Ter ra in  C h a r a c t e r i s t i c s  
i n  Pre-cons t ruc t ion  Surves 

D r .  N .  W .  Radforth 

(Abstract  of D r .  R a d f o r t h l s  paper)  

Perhaps i f  I present  some background information t h e  
answers t o  some of t h e  d i f f i c u l t i e s  which have a r i s e n  i n  d i scuss ion  
p r i o r  t o  t h i s  paper w i l l  be more obvious. The important approach 
t o  t h e  muskeg problem i s  t o  f i n d  a method of r e fe rence  f o r  muskeg 
t h a t  can be u t i l i z e d  i n  r e p o r t s .  It must be found what can be 
accepted I n  the  term "muskeg" and what cannot.  

During muskeg s t u d i e s  i n  t h e  Churchi l l  a r e a ,  it was 
found t h a t  t h e r e  were changes i n  the  subsurface f o s s i l i z e d  m a t e r i a l .  
S ize  and arrangement of p a r t i c l e s  provided d i f f e r e n t  phys ica l  
r e l a t i o n s h i p s  i n  d i f f e r e n t  a r e a s .  Through examination of pea t  
samples from var ious  s i t e s  i t  was discovered t h a t  t h e r e  were only 
s i x t e e n  kinds of organic  m a t e r i a l ;  many more had been expected. 
Thus, t h e  problem of muskeg has been made s impler  r a t h e r  than more 
d i f f i c u l t  , 

The problem i s  now one of i n t e r p r e t a t i o n  r a t h e r  than  
c l a s s i f i c a t i o n ,  I n  o rde r  t o  i n t e r p r e t ,  it may be necessary  t o  
know what i s  under the  l i v i n g  l a y e r  f o r  c e r t a i n  cases .  Depth of 
t h e  muskeg can be est imated i n  a f a i r l y  reasonable manner. 

Where pea t  i s  mined i n  Scot land,  a  s o l i d  mineral  s o i l  
foundat ion i n  t h e  form of a c h e r t y  m a t e r i a l  i s  found. I n  our  North 
one may f i n d  c l a y s ,  s i l t ,  sand o r  g r a v e l  beneath the  p e a t .  It i s  
commonly assumed t h a t  s i l t  i s  t h e  only type of base i n  t h e  sublayer  
f o r  pea t .  I hope my remarks w i l l  discourage t h i s  view. 

Also, i n  many cases ,  t h e  l i n e  of demarcation between 
t h e  o r  a n i c  l a y e r  i s  not  very sharp ,  g iv ing  r i s e  t o  an  i n d i f f e r e n t  * \:OL 

l a y e r  7 o r  mixed mineral  and organic  l a y e r ) .  This  l a y e r  does not t c 1 o 0  

present  t o o  g r e a t  a problem because t h e  c l a s s i f i c a t i o n  system so 
f a r  i n  use he lps  i n  the  l o c a t l o n  of these  sub layer s .  However, 
t h i s  l a y e r  has  not  y e t  been d e a l t  wi th  d i r e c t l y  i n  t h e  c l a s s i f i c a -  
t i o n  system. 

F l n a l l y ,  assessment of l i m i t a t i o n s  cannot be achieved 
unless  it i s  done wi th  t h e  fundamental d e f i n i t i o n  of muskeg before 
us .  This  was given i n  "A Suggested C l a s s i f i c a t i o n  of Muskeg f o r  
the  Engineer"." 

p .  23  l i n e  24 read  "Also, i n  many cases ,  
the  l i n e  of demarcation between - 

the organic  and t h e  mineral  l a y e r s  
i s  not very sharp,  giving r i s e  t o  
cn i n d i f f e r e n t  l a y e r  ( o r  mixed 
mineral  an2 organic l a y e r ) , l t  
- . ... .,-, .-.. ,-,,-. "" -., . . . , " .... . . ,.. 



'I !Muskeg1 has become the term designating organic 
terrain, the physical condition of which is governed 
by the structure of the peat it contains, and its 
related mineral sub-layer, considered in relation to 
topographic features and the surface vegetation with 
which the peat co-exists . I t  
Now one may proceed more precisely to an assessment of 

the limitations involved in a pre-construction survey. 

In most cases, limitations are associated with a precise 
problem and that problem must be defined. In a given area, the 
muskeg characteristics may be mapped and relationships between the 
organic coverage and underlying mineral layer discovered. Upon 
learning these relationships, problems of vehicle manoeuvrability 
or performance may be solved by the route selection method. In 
the same manner, road or building construction may be undertaken 
with some assurance and a knowledge of futu~e maintenance problems. 

In assessing limitations it is helpful to classify the 
surface coverage. This is not necessarily a job for a botanist 
and indeed may become involved if tackled from a botanical stand- 
point. For the engineer, coverage may be classified in terms of 
stature and texture, or in other words, by form and consistency. 
These classes arranged in groups will lead to an overall picture 
of an area that in turn can give the key to subsurface characteris- 
tics. Eighteen of these coverage classes have been portrayed in 
Handbook No. 12, but representation of many more is possible by 
rearrangement of the constituents. 

Topography may also be used as a key in defining organic 
terrain. By much research it was discovered that there were 
sixteen major topographic characters and many of these occurred 
faithfully with a certain coverage designation. Descriptive 
information is now available as to how these may be referred to. 

Colour, in assessing limitations, is of least importance 
in adequately interpreting organic terrain. It has been found th t 

It may be thought that colour would be infinite, but it has been 
3 it is possible to use colour chips from the Munsell Book of Color . 

found that there are ranges. 

In the interpretation of the limiting factors, the 
documents already available are useful. From the point of view 
of seeing coverage one must interpret by shape, size, density, tone, 
texture and pattern used together. These can be grouped to give 
the answer with.respect to the construction of organic terrain. 

Naturally, such a system of classification is not 
foolproof; there are parts of Canada that are unexplored. But 
with regard to the areas that have been worked over, they will work. 
Deviations are to be expected but it is not expected that any will 



d i s t u r b  t h e  b a s i c  principles e s t a b l i s h e d  f o r  i n t e r p r e t a t i o n .  

Subsurrace i c e  must a l s o  be d e a l t  with a s  a l i m i t i n g  
f a c t o r  i n  pre-cons t ruc t ion  survey.  Eight i c e  p a t t e r n s  have been 
def ined  t h a  a r e  a s s o c i a t e d  wi th  coverage and topographic E l i m i t a t  ions . 

Thus, f o r  p re -cons t ruc t ion  survey, though s t r u c t u r e  
of organic  t e r r a i n  can now be a s c e r t a i n e d  by i n t e r p r e t i v e  methods, 
depth of pea t  and n a t u r e  of t h e  sublayer  can be i n t e r p r e t e d  wi th  
only p a r t i a l  c e r t a i n t y .  Best use of Handbook No. 1 w i l l  be made 
when t h e  type  of problem f o r  which i n t e r p r e t a t i o n  i s  t o  be made, 
i s  kept before t h e  ~ b s e r v e r .  For a l l  problems, bes t  i n t e r p r e t i v e  
r e s u l t s  a r e  obtained when topography, ground-cover and colous  a r e  
u t i l i z e d  i n  d e r i v i n g  i n t e r p r e t i v e  d a t a .  For g r e a t e s t  c l a r i t y  and 
maximum c e r t a i n t y ,  l abora to ry  ana lyses  of cover on a m i c r o f o s s i l  
b a s i s  a r e  advised .  'This w i l l  assist m a t e r i a l l y  i n  i n t e r p r e t i n g  
t h e  d i s t r i b u t i o n  of the  va r ious  types  of peaty cons t ruc t ion  and 
t e r r a i n  condi t ions  der ived  through t h e  a p p l i c a t i o n  of t h e  
Handbook. 
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Discussion 

When quest ioned about the  p o s s i b i l i t i e s  of determining 
g l a c i a l  f e a t u r e s  (e .g .  e s k e r s )  from t h e  su r face ,  D r .  Radforth 
r e p l i e d  t h a t  the  p o s s i b i l i t i e s  a r e  q u i t e  good. We can g e t  an  
idea  of those t h i n g s  which cannot be seen f ~ o m  what i s  v i s i b l e  on 
t h e  su r face .  To t h e  ques t ion  of whether t h e r e  w a s  a l i a i s o n  
between t h e  Geological Survey and t h e  Muskeg Research Labora tor ies ,  
D r .  Radforth answered t h a t  unfo r tuna te ly  t h e r e  was none. He hoped, 
however, t h a t  t h e r e  w i l l  be i n  t h e  f u t u r e ,  through t h e  medium of 
the  Subcommit t e e .  



The Chaisman noted t h a t  not.hl.ng had ye t  been 
mentioned about t h e  problem of t h e  p e t r ~ l e m  I n d u s t r i e s ,  t h a t  
of temporary access  t o  cer talrr  a r e a s .  A s  bas been pointed ou t ,  
muskeg i s  not  always f rozen  i n  t 'he w i n t e ~ ,  and a t racked veh ic le  
( p r e f e r a b l y  amphibious) should be devised t o  c r o s s  t h i s  m a t e r i a l .  
He suggested t h a t  a  flexiblca track be design.ed t o  t a k e  advantage of t h e  
basket o r  membrane e r f e c t  cf t h e  osganic m a t .  de asked f o r  
comments from r e p r e s e n t a t i v e s  of t he  petroleum i n t e r e s t s ,  

M r .  R .  r, 81tzxnstoc~ thanked t h e  Subcommittee on behalf  
of the  petroleum fnuus tsy  f o r  what he had learned  a t  t h e  meeting, 
He s a i d  t h a t  he had no i dea  t h a t  ? l a s s i E i c a t i o n  of muskeg had 
gone s o  fa r .  He d i d  nc t  know i f  It would h e l p  men very  much o r  
not  t o  know what they were working i n .  He s a i d  t h a t  t h e  b a s i c  
problem of the petrcleum indlxstry is one of access ,  and t h a t  they  
a r e  looking f o r  a method wnereby they  could g e t  i n  and out of 
a n ' a r e a  quickly ,  cheaply and e f f i c i e n t l y .  This  i s  t h e  most c o s t l y  
problem r i g h t  now, IS t he  c i l  exp lo ra t ion  i s  success fu l ,  then  
t h e  next  problem i s  t o  g e t  temporary roads b u i l t  which would l a s t  
a s  long a s  p o s s i b l e ,  o r  u n t i l  s u p p l i e s  and personnel  could be 
moved i n  on a permanent b a s i s .  Few facilities were a v a i l a b l e  t o  
t h e  indus t ry  f o r  paas t  Xcal r e s e a r c h  but information could be 
c o l l e c t e d  by the  comparies and analyzed by resea rch  workers t o  
h e l p  b r ing  f7mdamental r e s e a r c h  and p r a c t i c a l  f i e l d  work toge the r  
i n  co-operat ion.  A small  l a b o ~ a t o r y  se t -up  i s  a v a i l a b l e  f o ~ '  
fundamental r e sea rch ,  but t h e  need i s  f e l t  f o r  d i r e c t i o n  a s  t o  
what t o  t a c k l e  f i r s t  and sugges t ions  would be welcomeV M s .  Hemstock 
thought t h a t  i n  the  case of v e h i c l e  r e sea rch  and t r a f f i c a b i l i t y  
s t u d i e s ,  t h e  fur~damental  p roper t i en  of muskeg should be s t u d i e d ,  

Dean Hardy explai.ned t h a t  t h e  i n t e r e s t  of t h e  petroleum 
indus t ry  was g r e a t ,  as. shown by t h e  l a r g e  n7mber of representatives 
a t  t h e  meetings al though the  companies had not  been informed of i t  
u n t i l  j u s t  two days prevzous,  He thought t h a t  t h e  type of informa- 
t i o n  which would be of use t o  t h e  petroleum o r  f o r e s t r y  industr;.?s 
was important.  A s  t~ l i a i s m  wi th  t h e  petroleum i n d u s t r y ,  
Dean Hardy mentioned t h a t  a r e p r e s e n t a t i v e  from t h e  Petroleum 
Associat ion i s  p r e s e n t ,  It might be recommended t h a t  they  appoint  
a r e p r e s e n t a t i v e  t o  t h e  Muskeg Subcommittee, and I n  t h a t  way 
channel bacK t o  t h e  indus t ry  any use fu l  information.  

D r .  Radforth thought t h a t  t h i s  was an exce l lqn t  
suggest ion,  and s t a t e d  t h a t  t h i s  need f o r  l i a i s o n  between research  
and i n d u s t r y  would be brought t o  t h e  a t t e n t i o n  of the Associate  
Committee on S o i l  and S9ow Mechanics, 

With regard t c  a c c e s s r  D r ,  Radfsrtl-1 thought t h a t  now 
t h a t  the  fundamental work had b e m  done, the next s t e p  wo:~i-i, be 
t o  ge t  a e r i a l  pho tog~aphs  of t he  a sea  i n  ques t ion  and make them 
a v a i l a b l e  t o  the  r e sea rch  people.  They could he lp  i n t e r p r e t i n g  
the  subsurface conclitiocs of t h e  t e r r a i n  and sdu l se  compa2ies as 



t o  route  s e l e c t i o n ,  maintenance, e t c .  He advocated the  use of 
Handbook No. 1 which was l i k e  a  key i n  t h a t  i t  must be appl ied  
i n  order  t o  a s s e s s  i t s  value .  

On t h e  sub jec t  of veh ic le  design,  D r .  Radforth s a i d  
that co-operation here  was very important too .  He considered 
t h a t  t h e  des igners  of veh ic les  knew nothing of t he  fundamental 
c h a r a c t e r i s t i c s  of muskeg. He had been assoc ia ted  wi th  veh ic le  
t e s t i n g  and had been a b l e  t o  observe performance over d i f f e r e n t  
types of organic t e r r a i n .  With a knowledge of t h e  fundamental 
c h a r a c t e r i s t i c s ,  the  design of veh i c l e s  can be looked a t  anew. 
A t  the  present  t ime, however, r ou t e  s e l e c t i o n  seems t o  be t h e  
l o g i c a l  approach t o  t h e  problem. 

Dean hardy suggested t h a t  l i a i s o n  wi th  t he  Army and 
Air force  would be valuable and would provide information f o r  
the  design of veh ic les .  They had done considerable resea rch  on 
veh ic les ,  many r e p o r t s  of which a r e  now u n c l a s s i f i e d ,  

D r .  Radforth then thanked Dean Hardy f o r  providing 
f a c i l i t i e s  f o r  the  meeting i n  t h e  Engineering Building of t h e  
Univers i ty ,  and f o r  ga ther ing  so  many i n t e r e s t e d  people t og e th e r  
f o r  i t .  He s a i d  t h a t  i t  w a s  g r a t i f y i n g  t o  see such a response 
t o  t h e  meeting s ince  muskeg i s  of g r ea t  i n t e r e s t  t o  him. 

Dean Hardy r e p l i e d  t h a t  t h e  success  of t he  meeting 
had been due l a r g e l y  t o  D r .  Radfor th1s  e f f o r t s .  

The sess ion  was then adjourned. 
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