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FOREWORD 

The p ro jec t   wh ich  i s  r e c o r d e d   i n   t h i s   r e p o r t   h a s  been 

conducted by t h e  Muskeg R e s e a r c h   I n s t i t u t e ,   U n i v e r s i t y   o f  N e w  

Brunswick,  under t h e  a u s p i c e s  of the  Government of Canada,  Depart- 

ment   o f   Ind ian   Affa i r s   and   Nor thern   deve lopment  as p a r t  of i t s  

Arctic Land Use Research  program. 

I n  complet ing t h i s  w o r k ,   t h e   I n s t i t u t e  i s  i n d e b t e d  t o  

imper i a l  O i l  L t d . ,   S h e l l  Canada L t d . ,  Gul f  Oil Canada  Ltd., =and 

t h e  Inuv ik   Resea rch   Labora to ry   fo r   p rov i s ion  of s u p p o r t   f a c i l i t i e s ,  

t es t  v e h i c l e s ,   a n d   t r a n s p o r t a t i o n  i n  t h e  field. The a s s i s t a n c e  

of Bombardier  Snowmobile  Ltd. i n   o b t a i n i n g   a e r i a l   p h o t o g r a p h s   o f  

.. 

tes t  s i tes  a n d   t h e   i n t e r e s t   a n d   p a r t i c i p a t i o n   i n  the  program of 

Foremost  Developments Ltd. and  Flextra .ck-Nodwell   Ltd.   are   a lso 

gra te fu l ly   acknowledged .  

I t  i s  o u r   e a r n e s t   h o p e   t h a t   t h i s   r e p o r t  w i l l  form .a 

p o s i t i v e   c o n t r i b u t i o n  t o  the   concept   o f   envi ronmenta l   conserva-  

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

among t h e   i n t e r e s t e d   p a r t i e s .  

Norman VI. r a d f o r t h  
D i r e c t o r  
Muskeg R e s e a r c h   I n s t i t u t e  
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I n c r e a s e d   a c t i v i t y   i n   t h e   c a n a d i a n  a r c t i c  and  sub- 

a r c t i c  i n  r e c e n t   y e a r s  h a s  g iven  rise t o  a number of  problems 

which a t t r a c t  e f f o r t s   i n   a p p l i e d   s c i e n t i f i c   r e s e a r c h   i n  an a t -  

t e m p t   t o  f i n   s o l u t i o n s .  One of   these  problems  has   ar isen  f rom 

p e t r o l e u m   e x p l o r a t i o n   i n v o l v i n g   t h e  use' o f   t r a c k e d   v e h i c l e s  

f o r  o f f - r o a d   t r a n s p o r t a t i o n   i n   s u p p o r t  of seismic survey  and 

s u p p l y   o p e r a t i o n s .  I t  has   been   w ide ly   pub l i c i zed   t ha t   t hese  

v e h i c l e s   i n v a r i a b l y  leave t r a i l s  behind   them,   and   tha t   these  

trails may be p a r t i c u l a r l y   s i g n i f i c a n t   i n   t u n d r a   r e g i o n s  

I t  i s  t h e   c o n t e n t i o n  of s o r e   t h a t   s u c h  t r a i l s  a c t u a l  

l y   c o n s t i t u t e   p h y s i c a l  damage t o   n a t u r a l   e c o s y s t e m   a n d  are 

t h e r e f o r e   u n d e s i r e a b l e .  I t  has   no t   been  known c o n c l u s i v e l y ,  

however,  whether o r   n o t  a l l  t r a f f i c   r e s u l t s  in r u i n  of e c o l o -  

g i c a l  ba l ances  over a wide area, and i f   n o t  w h a t   l e v e l   o r  

levels of d i s tu rbance   cou ld   be   cons ide red   accep tab le .  

Disturbance of p l a n t   l i f e ,   p e r m a f r o s t  melt, sub- 

s idence   o f  the t e r r a i n   s u r f a c e  and   e ros ion  are a l l   t o p i c s  

which  have  been cocmmonly d i s c u s s e d ,   a n d   y e t   t h e r e   h a s  beer, 

i n s u f f i c i e n t  knowledge a v a i l a b l e   a b o u t  t h e i r  r e l a t i o n s h i p   t o  

v e h i c u l a r   t r a f f i c  t o  enable   recommendat ions   to  be made accu- 

r a t e l y   c o n c e r n i n g   t h e   p l a n n i n g  of v e h i c u l a r   o p e r a t i o n s  so t h a t  

a n y   t e r r a i n   d i s t u r b a n c e   s u s t a i n e d  would b e   w i t h i n   t o l e r a b l e  limits 

V e h i c l e   a c t i v i t y   a s s o c i a t e d   w i t h   p e t r o l e u m   e x p l o r a t i o n  

has   been   and   cont inues   to  be h e a v i l y   c o n c e n t r a t e d   i n   t h e  vici 



. 
n i t y  of the   Xackenzie   River   de l ta .  A major   po r t ion  of t h i s  

a c t i v i t y   o c c u r s   d u r i n g   t h e   w i n t e r   b u t  some i s  a l s o   c a r r i e d  

o u t   d u r i n g   t h e  summer. I t  i s  e v i d e n t   t h a t   t e r r a i n   s e n s i t i v i t y  

t o  d i s t u r b a n c e  i s  h i g h e r   i n   t h e  summer when t h e r e  i s  no   p ro -  

t ec t ion   f rom a l a y e r  of snow  and t h e   u p p e r   l a y e r  of the   g round 

i s  thawed t o  a d e p t h  of s e v e r a l   i n c h e s .  

I n  o r d e r   t o  re la te  known amounts of v e h i c l e   t r a f f i c  

t o  v a r i o u s   a s p e c t s  of t e r r a i n   d i s t u r b a n c e ,   a n   e x p e r i m e n t a l  

program. w a s  e s t a b l i s h e d   d u r i n g   t h e  summer of 1 9 7 0 .  T h i s   r e p o r t  

i s  an account  of t h e   f i n d i n g s  of t ha t   p rog ram.  also inc luded  

are recommendat ion   for   the   implementa t ion  of s tand-ards   regard-  

i ng  of f-road tracked vehicle t r a f f i c  based on t h e  re results of 

the   program. 

1 

I 

I 
I 

. 
I 
I 
I 

I ‘  
I 
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Program  Object ives  

The o v e r a l l  aim of t h i s  work was "TO a s s e s s   t h e  i m -  

mediate  and  long t e r m  e f f e c t s  of t r a c k e d   v e h i c l e s  i n  c u r r e n t  

s e r v i c e  by o i l  companies  and  operated.  under  normal  working 

c o n d i t i o n s   d u r i n g  summer m o n t h s  on tundra   vege ta t ion  and  t h e  

thermal   balance of p e r m a f r o s t   s o i l s ,  and t o   i d e n t i f y   t h o s e  

veh ic l e   and   t r ack   des igns   wh ich   a r e   capab le  of m e e t i n g   i n d u s t r y  

t r anspor t   r equ i r emen t s   and  are l e a s t .   d e t r i m e n t a l   t o  t h e  tundra  

environment"  . 
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Approach  and  procedure 

I n   d e s i g n i n g  t h e  t es t  p rogram,   s eve ra l   va r i ab le s   had  

t o  b e   t a k e n   i n t o   a c c o u n t .  These i n c l u d e d   c h a r a c t e r i s t i c s  of 

the t e r r a i n   i n  the Mackenzie Delta area,  s e a s o n a l  climatic chan- 

ges d u r i n g   t h e  summer, t y p e s  of v e h i c l e s  commonly used by p e t r o -  

leum companies   in   explora t ion   programs,   and  t h e  n a t u r e   o f  t h e  

o p e r a t i o n s   i n   w h i c h   t h e s e   v e h i c l e s  are no rma l ly   i nvo lved .  

Se lec t ion   o f  t e s t  s i tes  and   veh ic l e s   u sed  was c o n t r o l -  

l e d  t o  some e x t e n t  by a v a i l a b i l i t y   o f   s u p p o r t   f a c i l i t i e s   a n d  

s u i t a b l e   v e h i c l e s   b e i n g   l o c a t e d  a t  these f a c i l i t i e s .  

The  experimental   program was d i v i d e d   i n t o  two s e c t i o n s  

o r  phases .  Phase I was conducted   dur ing  the l a t t e r  h a l f  of   June,  

1 9 7 0  and was d e s i g n e d   t o   e n a b l e   d e t a i l e d   s e l e c t i o n   o f  t es t  s i tes ,  

checking  of  t es t  p r o c e d u r e s ,   g a t h e r i n g   o f  some p r e l i m i n a r y  da ta ,  

a n d   s e t t i n g  up c o n t a c t s   w i t h   v a r i o u s   s u p p o r t   f a c i l i t i e s   t o  be 

done. On t h e   b a s i s   o f   t h e   f i n d i n g s   o f  Phase I t h e   p r o g r a m   f o r  

Phase II was des igned .  A summary r e p o r t   o f  Phase I is  con ta ined  

i n  Appendix I of this r e p o r t .  

I n i t i a l l y ,  test  s i t e  c e n t r e s  were s e l e c t e d  a t  Tuk- 

toyaktuk   and  Tununuk, N.W.T. a n d  a t  S h i n g l e   P o i n t ,  Y.T. ( F i g . l - 4 ) .  

A t  each c e n t r e   s e v e r a l  s i tes were chosen ,   each   one   cons idered  

t o  be r e p r e s e n t a t i v e   o f  a p a r t i c u l a r   t e r r a i n   c o n d i t i o n  typical  

of t h e  area.  

Phase I tests were performed a t  T u n u n u k ,  i n   f o u r  s i tes .  

Veh ic l e s   u sed   i nc luded  a l i g h t   t r a c k e d   c a r r i e r   ( F i g . 5 )  , a l i g h t -  

medium f o u r  tracked c a r r i e r ,  a medium t r a c k e d   c a r r i e r ,   a n d  a 



Fig .  1 
S h i n g l e   P o i n t  
Loca t ions  
Scale Approx. 

T e s t  S i t e  

1:12000 

Fig .  2 
Tununuk Te 
Locat ions  
Scale Appr 

st Si t e  

'OX. 1:12000 

Fig .  3 
Tuktoyakt 
Loca t ions  
Scale App 

.uk 

rox 

T e s t  Si te  

:. 1 :12000  





- 5  - 

medium t r acked  bulldozer (F ig .6 )  . A t  each  s i t e ,  t e s t  l anes   a t .  

l eas t  1 0 0  f t .   i n   l e n g t h  were l a i d   o u t   a n d   o n e   v e h i c l e  was d r i v e n  

back   and   fo r th   i n   each   l ane .   Pho tographs   o f   t he   t r acks  were 

t a k e n   a f t e r   o n e ,   f i v e ,   t e n ,   t w e n t y   f o r t y ,   s i x t y ,   e i g h t y  and 

one hundred   passes  (it was p r e v i o u s l y   d e t e r m i n e d   t h a t   o n e  hun- 

d r e d   p a s s e s  i s  a t y p i c a l  number i n  some v e h i c l e   o p e r a t i o n s ) .  

The v e g e t a t i v e   c o v e r ,   d e p t h   t o   f r o s t ,   s u r f a c e   p r o f i l e ,   s l o p e  

and ground  temperature  were n o t e d   a t   e a c h  s i t e ,  and soil and 

v e g e t a t i o n  samples were t a k e n   f o r   l a t e r   a n a l y s i s .  an a t t e m p t  

was also made a t  one s i t e  to measure  drawbar pull of some v e h i c l e s  

and s imultaneously  photograph the ground  immediately  behind  the 

v e h i c l e   t r a c k s   d u r i n g  the tes t .  I n   t h i s  way it was hoped t h a t  

it would be   poss ib l e   t o   co r re l a t e   veh ic l e   we igh t   and   t r ack  de- 

s ign ,   d rawbar   pu l l   and  t e r r a in  s u r f a c e   d i s t u r b g n c e .  

F i n a l l y ,   d u r i n g   P h a s e  I ,  a v i s u a l   i n s p e c t i o n   o f   t e r r a i n  

cond. i t ions  a t  Tuktoyaktuk and S h i n g l e   P o i n t  was c a r r i e d   o u t  t o  

a s c e r t a i n   t h e   d i f f e r e n c e s   b e t w e e n   c o n d i t i o n s   t h e r e   a n d   a t  Tununuk. 

dur ing   Phase  I1 s e v e r a l   m o d i f i c a t i o n s  were made i n  t h e  

tes t  procedure   based  on expe r i ence   i n   Phase  I .  Mul t ipas s  tests 

were conducted on lanes 2 0 0  f t .  i n  l e n q t h  and marked  with a f l a g  

every 2 0  f t .  The f i r s t  pass was made a long   t he  e n t i r e  l e n g t h  of  

t h e  l a n e ,   t h e   n e x t   f o u r  passes s topped  2 0  f t .   s h o r t   o f   t h e   e n d ,  

t h e  n e x t   f i v e  40 f t .  from t h e  end and so on so t h a t  at t h e   e n d  

of a t e s t  the   l ane  showed t h e   e f f e c t s  of one ,   f i ve ,   t en ,   twen ty ,  



? 

Fig .  5 .  L i g h t   t r a c k e d   c a r r i e r .  

F ig .  6 .  Medium tracked bu l ldoze r .  
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A t  S h i n g l e   P o i n t ,  small streams and  sometimes  larger  

r i v e r s   f l o w i n g   i n   g u l l i e s   f r o m   t h e   m o u n t a i n s   a c r o s s   t h e   c o a s t a l  

p l a i n  t o  t h e   s e a  are a common f e a t u r e   o f   t h e   l a n d s c a p e   ( F i g . 1 )  . 
B e c a u s e   o f   p o s s i b l e   e r o s i o n   d e v e l o p i n g   i n   v e h i c l e   t r a c k s  up t h e  

s i d e s   o f   t h e   g u l l i e s ,  i t  was t h o u g h t   t h a t  it may be   u se fu l  t o  

have an example  of t h i s   c o n d i t i o n  which  could be i n s p e c t e d  a t  

i n t e r v a l s  i n  t h e   f u t u r e .   T h e r e f o r e ,  i n  one tes t  , a t   S h i n g l e   P o i n t ,  

a stream c r o s s i n g  was inc luded .  One hundred   passes  of a l i g h t  

t r a c k e d   c a r r i e r  were made through  the  stream. 

Aerial  photographs  were taken  a t  e a c h   o f   t h e  t e s t  si tes 

to  a i d   i n   t h e i r   d e s c r i p t i o n .  

I t  was hoped t h a t  two t y p e s  of f l a t   t r a c k s  would be 

a v a i l a b l e   f o r  the tes ts ,  b u t   i n   t h e   e n d  it was no t  p o s s i b l e  t o  

a r r a n g e   t h i s .  

The f i n a l   p a r t   o f   P h a s e  II occup ied   t he  l a s t  week i n  

September.  I t  was o r i g i n a l l y   i n t e n d e d   t h a t  tests performed i n  

August  would  be  repeated a t   t h i s  time There were, however, 

severa l   c i rcumstances   which   brought   about  a c h a n g e   i n   p l a n s .  

F reez ing   t empera tu res   and   l i gh t  snow h a d   p r e v a i l e d   a t  

T u k t o y a k t u k   f o r   s e v e r a l   d a y s ,   b u t   t h r e e   m u l t i p a s s  tests wi th  a 

medium t r a c k e d   c a r r i e r   l o a d e d  w i t h  a seismic d r i l l  were p e r f o r -  

med. P h o t o g r a p h s   a n d   f r o s t   d e p t h s   f o r   e a c h  s i t e  were taken .  A t  

Tununuk, the  l iving  accommodat ions  had  been  removed,   and  there  

were n o   v e h i c l e s   a v a i l a b l e  of t h e   t y p e   t e s t e d   e a r l i e r .   T h e r e  

was a snow c o v e r   v a r y i n g   f r o m   o n e   t o   s i x   i n c h e s   a t   S h i n g l e   P o i n t  
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and tempera tures  were near O`F. This  was  judged t o  be a w i n t e r  

c o n d i t i o n   a n d   t h e r e f o r e   o u t s i d e   t h e   s c o p e   o f   t h i s  work.  Pho- 

tog raphs   and   f ros t   dep ths   o f   t he  t es t  s i tes  were obta ined .  

A t  S h i n g l e   P o i n t  a t  the  end of s e p t e m b e r  w i n t e r  con- 

d i t i o n s   a l s o   p r e v a i l e d  so t h a t   n o  t es t s  were performed. a t  t h i s  

time. Photographs  and f r o s t   d e p t h s  were, however,  taken a t  

e a c h  t e s t  s i t e  where  work  had  been  performed in   August .  

F i n a l l y ,  as  a supplement t o  the  main  program, similar 
tes ts  in   northern  Alaska  near   prudhoe Bay were observed.  a four -  

t r acked   twen ty - ton   ca r r i e r   (F ig .  8 )  and a two-tracked 8 t o n   c a r r i e r  

(Fig.  9 )  were opera ted   over  t es t  lanes 1 0 0 0  f t .   i n   l e n g t h ( f i g .  1 0 ) .  

Af t e r   each  pass was comple ted ,   the   vehic le   tu rned   a round  ou ts ide  

t h e  t e s t  l a n e   a n d   t r a v e l l e d  back over the same path T h i s  was . .  

r e p e a t e d   f o r  a t o t a l  of e i t h e r  1 0  o r  2 0  passes   depending on the 

e x t e n t   t o  which t h e   t e r r a i n  became d i s t u r b e d .  

I 
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T e s t  r e s u l t s  and  Observations 

T e s t  S i t e s  

I n   s e l e c t i n g  t es t  s i tes  a t  e a c h   o f   t h e   t h r e e  centres,  

an a t t e m p t  was  made t o   p i c k   t e r r a i n   c o n d i t i o n s   w h i c h   a p p e a r e d  

t o  b e   t y p i c a l   o f   e a c h   c e n t r e .  for example ,   Shingle   Poin t  i s  s i -  

t u a t e d  a t  the   edge   o f  a g e n t l y   r o l l i n g   c o a s t a l   p l a i n   i n  which 

numerous stream g u l l i e s  are a p rominen t   f ea tu re .  A t  Tununuk, 

bo th  macro-  and  microtopography are  more  rugged  than a t   s h i n g l e  

P o i n t ,  and vege ta l   g rowth  i s  somewhat h e a v i e r   w i t h   l a r g e r  woody 

s h r u b s   i n   e v i d e n c e .  The c h a r a c t e r i s t i c s  of a l l   t h e  sites are 

p r e s e n t e d   i n   T a b l e  I below. 

V e g e t a t i o n   c l a s s i f i c a t i o n   i n   t h e  f i r s t  l i n e   o f   t h e   t a b l e  

i s  a c c o r d i n g   t o   t h e   s o - c a l l e d   R a d f o r t h  muskeg vege ta t ion  c lass i -  

f i ca t ion -   sys t em  desc r ibed   i n   Append ix  I L .  Sur face   t empera tures  

and  temperatures  a t   t h e  bottom of the  thawed s o i l  l a y e r  were 

measured with a t h e r m i s t o r   p r o b e   a n d   d e p t h s  t o  f r o s t   a s  well as 

f r o z e n   s u r f a c e   c r u s t   t h i c k n e s s  were d e t e r m i n e d   b y   i n s e r t i n g  a 

c a l i b r a t e d  s tee l  rod   i n   t he   g round .  A s u r v e y o r ' s   l e v e l  was used 

t o  obtain  s lope  measurements ,   and a t  some s i tes  s u r f a c e   s o i l  

samples were t a k e n   f o r   m o i s t u r e   c o n t e n t   a n a l y s i s .  When no  samples 

were t a k e n ,  a v i s u a l   e s t i m a t e   o f   m o i s t u r e   c o n d i t i o n s  was made. 

Figure  numbers of photographs i n  t h i s   r e p o r t   d e p i c t i n g   e a c h   o f  

t h e  s i tes  are a l s o   l i s t e d .  

Each s i t e  has  a c h a r a c t e r i s t i c   f e a t u r e   w h i c h   a c c o u n t s  fo r  

i t s  p r e s e n c e   i n   t h e  s e t  of s i t e s .  T h e s e   f e a t u r e s   a r e   p r e s e n t e d  i n  

t a b l e  11. 
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f o r t y ,   s i x t y ,   e i g h t y   a n d   o n e   h u n d r e d   p a s s e s .  

Drawbar p u l l  tes ts  were carried o u t   w i t h   t h e   c a m e r a  

which was used   to   photograph   the   g round  behind   the  - t e s t  v e h i c l e  

l i n k e d  t o  t h e   s t r i p   c h a r t   r e c o r d e r   u s e d  to measure  drawbar p u l l  

a n d   s l i p .   I n   t h i s  way p u l l   a n d   s l i p   m e a s u r e m e n t s   c o u l d   b e  ac- 

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

The tes ts  c a r r i e d   o u t  a t  e a c h  s i t e  depended  on  the 

v e h i c l e s   a v a i l a b l e  a t  t h e   p a r t i c u l a r   l o c a t i o n .   P h a s e  II was 

c a r r i e d   o u t   d u r i n g  two d i f f e r e n t   p e r i o d s  of time as a p a r t   o f  

a n   a t t e m p t   t o  assess t h e   e f f e c t s  of s e a s o n a l  c l imat ic  v a r i a t i o n s  

on t e r r a i n   c o n d i t i o n s  The f i r s t  series of tes ts  was performed 

d u r i n g   t h e  l a t t e r  h a l f  of A u g u s t  A t  Tuktoyaktuk,  t e s t  v e h i c l e s  

i nc luded  a medium t r acked  carrier fitted with a seismic drill , 
a l i g h t   t r a c k e d  ca r r i e r  loaded  with a magazine  and  cement,  and 

a heavy  four   t racked carr ier  loaded   w i th  30 tons  of   cement  ( F i g . 7 )  . 
Turn tes t s  were a lso   per formed by l a y i n g   o u t  t e s t  

lanes i n   c o n c e n t r i c  9 0  degree  arcs h a v i n g   i n s i d e   r a d i i  of 2 0 ,  

4 0  and 6 0  f t .   a n d   h a v i n g   t h e  medium t r a c k e d  c a r r i e r ,  f i t t e d   w i t h  

t h e  seismic d r i l l ,   r u n   f o u r   o r   f i v e   p a s s e s   a r o u n d   e a c h  a rc .  

Photographs  of   the  ground  dis turbance were t a k e n   a f t e r   e a c h   p a s s  

f o r  l a t e r  a n a l y s i s  

A heavy  t racked   bu l ldozer  was run i n  a m u l t i p a s s  t e s t  

a t  Tununuk i n  one t e s t  s i t e .  A t  S h i n g l e   P o i n t ,  a l i g h t   t r a c k e d  

car r ie r  was o p e r a t e d   i n   f o u r  si tes and a heavy   bu l ldoze r   i n   one  s i t e .  
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Table I1 

C h a r a c t e r i s  t i c  F e a t u r e s  

Very wet, p redominan t   s edge   cove r ,   ad j acen t   t o  
s m a l l   l a k e .  

an a r e a  of d e p r e s s e d   c e n t r e   p o l y g o n s   i n  a l a r g e  
s h a l l o w   d e p r e s s i o n .  

A s o u t h - f a c i n g   w e l l - d r a i n e d   h i l l s i d e   w i t h  a 
s t r e a m   c r o s s i n g   a t  i t s  b a s e .   P o s s i b i l i t y  of 
e r o s i o n   a f t e r   t r a f f i c .  

An u p l a n d ,   a h o s t   l e v e l   a r e a ,  moist ,  with  mixed 
sedge,   shrub  and moss cove r .  

H igh ,   d ry ,   l eve l   p l a t eau   w i th   modera t e ly   abundan t  
woody s h r u b s .  

Moi sedge ,   and   shrub   covered   depressed   cen t re  
p o l y g o n s   a d j a c e n t   t o  a small  l ake ,   merg ing   i n to  
a s o u t h - f a c i n g   h i l l s i d e   a t   o n e   e n d  of t h e  t e s t  
lanes. 

Wet t o  v e r y  wet ( J u n e ) ,  beconing much d r i e r  by 
August ,   depressed?  centre   polygons,   sedge  covered 
a d j a c e n t   t o  a thaw  lake.  

Sou thwes t   f ac ing   sh rub   cove red   s lope ,   poss ib l e  
the rmokar s t  by h igh   exposure  t o  s u n l i g h t ,   s l o p e  
encourages   runof f   e ros ion .  

Low-lying  moist   depressed  centre   polygons  covered 
by a mixture  of sedges   and   shrubs .  

South- fac ing ,   d ry ,   rough slope covered  with  heavy 
s h r u b   g r o w t h  

Sedge  and  shrub  covered  plateau  with  good  drainage 
only  a t  edges .   Otherwise   d ra inage  f o r  and  mois- 
t u r e   c o n t e n t   d e s c r i b e ? .  by " m o i s t   t o  wet". 

TABLE 11 descr ipt ions of Charac t e r i s t i c   Fea tu res   o f   Tundra  
Dis turbance  T e s t  S i tes  



- 1 2  - 
c 

I t  may appear   f rom  an  inspect ion  of   Table  I1 t h a t   t h e r e  

i s  some d u p l i c a t i o n  of c h a r a c t e r i s t i c s .  I t  was f e l t  however t h a t  

f o l l o w i n g   t r a f f i c  by v e h i c l e s ,   t h e   v a r i a t i o n s   i n   c l i m a t e  among t h e  

t h r e e  t es t  c e n t r e s   c o u l d   l e a d   t o   d i f f e r e n t   r a t e s   o f   r e s p o n s e   i n   t h e  

form  of   vege ta t ive   regrowth ,   thermokars t   and   runoff   e ros ion .  also 

a complete s e t  of t e s t  v e h i c l e s  was n o t   a v a i l a b l e   a t   e a c h   c e n t r e .  

The re fo re  all t h r e e   c e n t r e s  (11 t e s t  s i tes)  were s t u d i e d   i n   o r d e r  

t o  make t h e   i n v e s t i g a t i o n  as comprehensive as p o s s i b l e .  

I 
j 

As compared. with  the  Mackenzie  Delta s i tes ,  t h e  tes t  

area in   Alaska   near   Prudhoe  Bay was unique. Viewed a t  ground 

l e v e l   t h e   f l a t n e s s  of the   l andscape  was s t r i k i n g ,   a n d   f r o m   t h e  

a i r   t h e   b o u n d a r i e s   o f   t h e   d e p r e s s e d  centre polygons were c l e a r l y  

de f ined .   vege ta t ion   cons i s t ed   o f   s edges   and  a very  few  shrubs a l l  

of   very low s t a t u r e ,   a s  w e l l  as moss, c o v e r   ( F i g .  1 0 )  . 
I 

I 

I 

I 
I 
I 

1 1  
I 

1 



Resu l t s   o f   mu l t ipas s  Tests 

During  observation  of  numerous tests it became appa ren t  

t h a t  w i t h   i n c r e a s e   i n   t r a f f i c  by a n y   g i v e n   v e h i c l e ,   t h e   v e g e t a t i o n  

and   ground  sur face   s t ruc ture   (micro topography)   responded  in   var ious  

ways. These were i d e n t i f i a b l e   a s   s t a g e s  i n  a p r o c e s s ,   a n d   t h e   a c t i o n  

o f   t he   veh ic l e   t r acks   wh ich   p roduced   t hese   s t ages   cou ld   be   accoun ted  

f o r .  

I n  g e n e r a l ,   t h e   v e h i c l e   t r a c k s   w o u l d  commence by breaking  

branches  on  woody sh rubs   and   knock ing   l eaves   o f f   i f   t hese  were 

p r e s e n t .  The g r o u s e r   b a r s  on the   t r acks   t hen   g radua l ly   chopped  

v e g e t a t i o n ,   f l a t t e n i n g  i t  i n t o   t h e   g r o u n d   s u r f a c e ,   s c u f f e d   t h e   t o p s  

of mounds expos ing   mine ra l  soil and   t hen   f l a t t ened   t he  mounds 

n o t i c e a b l y .  T h i s  was accompanied  by  chopping  and  scattering  of 

v e g e t a t i o n , .   d i s p l a c e m e n t  02 s o i l  by  tile v e h i c l e ' s  weight and was 

fol lowed by t h e   g r o u s e r   b a r s   p i c k i n g  up chunks   o f   pea t   and   sca t te r -  

i n g   t h e m .   ' I f   t r a f f i c  was c o n t i n u e d ,   r u t s   f o r m e d   a l o n g   t h e   v e h i c l e ' s  

p a t h   a n d   d e e p e n e d   u n t i l   t h e   p e r m a f r o s t   t a b l e  was reached! 

I 

0 I 

I 
The p r e v a l e n t   t e r r a i n   c o n d i t i o n s  and t h e   c h a r a c t e r i s t i c s  

I of t h e   p a r t i c u l a r   v e h i c l e   i n v o l v e d   c o u l d   d e f i n i t e l y   b e   p l a t e d  

t o  t h e   r e s p o n s e   o f   t h e   t e r r a i n   t o   t r a f f i c .   F o r   t h e   t e r r a i n   t h e  

moi s tu re   con ten t ,   vege ta t ion   compos i t ion ,  and dep th  t o  pe rmaf ros t  

appeared t o  be t h e   r n a j o r   c o n t r o l l i n g   f a c t o r s .   H i g h   m o i s t u r e  

conten t ,   o f ten   accompanied  by vege ta t ion   cons i s t ing   mos l ty   o f   s edges  

and   depth   to   permafros t   exceeding  1 0  cm. encouraged   rap id   ru t .  

development. On t h e   o t h e r   h a n d ,   d r y   h i l l s i d e s  were commonly covered 

with woody shrubs   having  a rugged   roo t   s t ruc tu re  , and  . 'al though  the 



s h r u b  sterns a n d   b r a n c h e s   s u f f e r e d   r a p i d l y ,   r u t s  were slower t o  

fo rm  unde r   t hese   cond i t ions .   In   ve ry  w e t  areas t h e   t r a c k s   r u n n i n g  

i n  open water produced a wash ing   ac t ion   wh ich   sp l a shed   pea t   ou t -  

s ide   t he   immedia t e   pa th   o f   t he   veh ic l e   and  on t o  t h e  sides o r  

"banks"   o f   t he   ru t s .  

Vehic le   weight   appeared  t o  be t h e   m o s t   s i g n i f i c a n t  

s i n g l e   v a r i a b l e   a f f e c t i n g   d i s t u r b a n c e  r a t e ,  h e a v i e r   v e h i c l e s  

f o r m i n g   r u t s  more q u i c k l y   t h a n   l i q h t   o n e s .   G r o u s e r  bar des ign  

on t r a c k s  i s  also i m p o r t a n t ,   b u t   m o s t l y   i n   t h e   e a r l y   s t a g e s   o f  

d i s t u r b a n c e  when t h e  number of p a s s e s  i s  low. The de ten t   which  

acts  as a whee l   gu ide   a long   t he   cen t r e   o f  some t r a c k s  i s  res- 

p o n s i b l e   f o r   c r e a t i n g  an i n i t i a l   s h a l l o w   r u t   o f t e n   w i t h i n   o n e  

o r  t w o   p a s s e s .   D i f f e r e n t i a l   v e l o c i t i e s   o f   t h e   d e t e n t   a n d  side 

p o r t i o n s   o f   t h e   t r a c k  as it i s  picked up a r o u n d   t h e  rear i d l e r  

wheel  cause a s h e a r i n g   f o r c e   i n   t h e   c e n t r e   o f   t h e   r u t .   T h i s  

force p r o d u c e s   l o c a l i z e d   v e g e t a t i o n   t e a r i n g   i n   t h e   r u t   s u r f a c e .  

S o - c a l l e d   " f l a t .   t r a c k s "   ( F i g .  1 9 )  a v o i d   t h i s   p r o b l e m  by having 

s t r a i g h t   g r o u s e r   b a r s ,   b u t   t h e  U-shaped c ross - sec t ion   o f  these 

ba r s   has  a n o t i c e a b l e   c h o p p i n g   a c t i o n .  They Also t e n d  t o  t r a p  

a n d   p i c k   u p   c h u n k s   o f   p e a t   a n d   t h e r e b y   d i s t u r b   t h e   g r o u n d   s u r f a c e  

Analys is   o f  a t o t a l  o f   t h i r t y   m u l t i p a s s  tes ts  h a s   r e s u l -  

ted i n   f o r m u l a t i o n   o f  a d i s t u r b a n c e   c l a s s i f i c a t i o n  system.  which 

desc r ibes   t he   va r ious   s t ages   o f   vege ta t ion   and   mic ro topography  

r e s p o n s e   t o   i n c r e a s i n g   a m o u n t s  of t r a f f i c .  The system i s  des- 

c r i b e d   h e r e   i n   t a b l e  111. 



Fig .  19. F l a t   t r a c k  on 

"" 

e i g h t   t o n  carrier i n  Alaska 
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DISTURBAPJCE 
LEVEL 

1 

2 

3 

4 

5 

STRUCTURE 

Undamaged 

S l i g h t  damage 

Mound t o p   s c u f f i n g /  
f l a t t e n i n g  

Mound t o p   d e s t r u c t i o n  

Ruts s t a r t   t o  form, less 
than 5 0% s t r u c t u r e  
des t royed  

R u t s   s l i g h t l y   d e e p e r ,  
more than  5 0 %  s t r u c t u -  
re des t royed  

Ru t s   ha l f   ba re  

R u t s   e n t i r e l y  bare 

R u t s   t o   p e r m a f r o s t  

c 

VE GE TAT I ON 

Undamaged 

Shrubs  broken,  
leaves  knocked  off  

C u t t i n g   a n d / o r   f l a t t e n i n g  
of a l l  v e g e t a t i o n  

Tea r ing   and   s ca t t e r ing  
of   vege ta t ion  - 1 0 %  
des t royed  

2 5 % de s t royed  

5 0% des t royed  

9 0 % de s t royed  

1 0 0 %  des t royed  

TABLE I11 Vege ta t ion  and  s t r u c t u r e  
d i s t u r b a n c e   c l a s s i f i c a t i o n   s y s t e m  



To i l l u s t r a t e  some o f   t he   po in t s   sugges t ed   above ,  

r e f e r e n c e  i s  made t o   s e v e r a l   p h o t o g r a p h s   t a k e n   d u r i n g   t h e   t r a f f i c  

veh ic l e   and  a l i g h t  ( 9 0 0 0  l b .  G . V . W . )  v e h i c l e   o p e r a t i n g   i n  S i t e  I a t  

Tuktoyaktuk.  The more rap id   p rogress   o f   d i s turbance   under   the   heavy  

v e h i c l e  i s  obvious.  

F i g u r e s  33 t o  4 0  show r u t s   f r o m  a similar l i g h t   v e h i c l e  

i n  a v e r y  wet a r e a   ( S h i n g l e   P o i n t  S i te  I ) .  I f  a comparison i s  

made be tween  f igures  21 and 33,  23  and 3 4 ,  25 and  35, 2 7  and  36, 

2 9  and 3 7 ,  30 and  38,  31  and  39, and 32 and 4 0 ,  it w i l l  be   seen 

t h a t   t h e   h i g h   g r o u n d   m o i s t u r e   c o n t e n t   a t   t h e   S h i n g l e   P o i n t  s i t e  

h a s  a p r o f o u n d   e f f e c t  on rate o f   t e r r a i n   d i s t u r b a n c e  

B y  conduct ing  tes ts  a t   t h r e e   d i f f e r e n t  times dur ing   t he  

summer it  was p o s s i b l e   t o  a s s e s s ,  t o  a c e r t a i n   e x t e n t ,   t h e   e f f e c t  

of season on t e r r a i n   s e n s i t i v i t y .  As one  example, a bu l ldoze r  was 
I 

opera t ed   (b l aze   up )  a t  Tununuk, s i t e  1 a t  t h e  end.  of Ju e and 

aga in  a t  the  end  of  August.  From Table  I ,  average   depth  I t o  perma- 

f r o s t   a t .   t h i s  s i t e  i n   J u n e  was 8 . 4 1  c m  w h i l e  by the   end  of August 

it had  reached t o  35.2 c m .  The e f f e c t  of t h i s   r e c e s s i o n   a p p e a r s   i n  

a comparison  of   bul ldozer   ruts   formed a t  each   of   these  times a s  

shown i n   f i g u r e s  41 to 56. In J u n e   t h e   p e r m a f r o s t   n e a r   t h e   s u r f a c e  

combined  with  the deep g r o u s e r   b a r s  on t h e   b u l l d o z e r   t r a c k s   t o  

ca r ry   mos t  of the veh ic l e ' s   we igh t .   Ru t   dep th   cou ld   no t  grow t o  

a very   l a rge   va lue .   In   Augus t ,   however ,  t he  s o f t   g r o u n d   s u r f a c e  

I 
i 

I 

a l l o r e t i   t h e   v e h i c l e   t o   s i n k   r a p i d l y   u n t i l  i t  reached   the   permafros t  

a f t e r   a b o u t  6C p a s s e s .  



Fig . 20.  Tuktoyaktuk, site 1, heavy vehicle  1 pass 

Fig. 

- 

22. Heavy vehicle  5 pass 

Fig .  21. Tuktoyaktuk, site 1, l i ght   veh ic l e  1 pass 

Fig.  23 .  Light  vehicle 

_._ _" 

5 pass 



I I 4 

Fig .  24.  Heavy Vehicle  10 pass  

'2 

Fig .  25. Light   Vehic le  1 0  p a s s  

F ig .  26. Heavy Vehicle  20 pass 

1 

Fig .  27. L ight   Vehic le  20 pas s  





Fig. 32. Light Vehicle- 1 D O  pass 



Fig .  3 3 .  Shingle  P o i n t ,  s i te 1, 
Light   Vehic le  1 pass 

F i g .  34. 5 pass 

. .. 

Fig. 36. 20 pass 



I 
Fig. 37. 40 pass Fig. 38 .  60 pass 

,100 pass 



k.; ... '",""" ._,".w."" -- . L.. , - """"- 
Fig.  4 1 .  Tununuk, s i te  1, June, 

Bullodozer 1 pass 
42.  Tununuk, S i t e  1, August, 

Bul ldozer  1 pass 

Fig. 4 4 .  August, 5 pass 



Fig. 45.  June, 10 pass 

n r u  

Fig. 46.  August, 10 pass 

Fig. 47. June, 20 pass Fig. 4 8 .  August, 20 pass 



I 

I 



I 

, 
Fig. 53. June, 80 pass 

Fig. 55. June. 100 pass 

Fig. 54. August, 80 pass 

Fig. 56. August, 100 pass 
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The n e x t  se t  of pho tographs   demons t r a t e   ano the r   t he rma l  

e f f e c t  of seasonal   change on t e r r a i n   r e s p o n s e .  Tests were run w i t h  

a seismic d r i l l   v e h i c l e   w e i g h i n g   a b o u t  4 6 , 0 0 0  l b .  a t  Tuktoyaktuk 

s i te  3 a t  the  end  of  August  and  again a t   t h e   e n d  of s e p t e m b e r  

Depth t o   p e r m a f r o s t  was about  4 0  cn;. i n  August  and 3 0  c m .  i n  

s e p t e m b e r   b u t   i n   S e p t e m b e r   t h e r e  was a l s o  a f r o z e n   s u r f a c e   c r u s t  

va ry ing  i n  th ickness   f rom 5 t o  1 0  c m .  T h i s   c r u s t   i n h i b i t e d   t h e  

s e p t e m b e r   d i s t u r b e n c e   u n t i l   a b o u t  30 passes  had  been  completed.  

Once t h i s   p o i n t  was r e a c h e d ,   t h e   d i s t u r b a n c e  ra te  proceeded a t  

abou t   t he  same r a t e   a s  it had i n   A u g u s t .   F i g u r e s  57  t o  72 i l l u s t r a -  

t e  t h i s  phenomenon 

The e f f ec t   o f   l oca l   changes   i n   mic ro topography   and  

g r o u n d   w a t e r   r e l a t i o n s  were mos t   ev iden t  a t  t h e  t es t  s i te  i n  

no r the rn   A laska .  When v e h i c l e s  were dr iven   th rough  the   nar row 

depres s ions   be tween   ad jacen t   po lygons ,   f r ee  water i n   t h e   d e p r e s -  

s i o n s  was d i s p l a c e d   w i t h  a wash ing   ac t ion   wh ich   sp i l l ed   pea t  up 

on the   banks  of the   dep res s ions .   obse rva t ion   o f  t e s t  s i tes  

i n  t h e   a r e a  where t h i s  had  been  done  one  year  before  showed  that 

t h i s   p e a t  i s  a deterrent to  growth  of   vegetat ior i   which it cove r s .  

An at tempt   has   been made t o  q u a n t i f y   t h e   r e l a t i o n s h i p  

between  the  weight  of a t r a c k e d   v e h i c l e   a n d   t h e  number of p a s s e s  

it c o m p l e t e s   i n   c r e a t i n g  a g i v e n   l e v e l  of t e r r a i n   d i s t u r b a n c e  a s  

d e f i n e d   i n  Table 111. I t  i s  s u g g e s t e d   t h a t   l e v e l  4 be t empora r i ly  

a c c e p t e d   a s  an a c c e p t a b l e  maximum l e v e l   f o r   p u r p o s e s   o f   d i s c u s s i o n .  



Fig .  57. 4 6 , 0 0 0  l b .  v e h i c l e  
Tuktoyaktuk si te 3 ,  August 1 p a s s  

I 

1 

Fig .  58. 4 6 , 0 0 0  lb. vehicle 
Tuktoyaktuk s i te  3 ,  September 1 p a s s  

F i g ,  59 .  August 5 pass  F ig .  60. September 5 p a s s  



" _ ~  

September, 1 0  pass 

September, 20 pass 
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The re la t ionships   be tween  weight   and  number  of p a s s e s   f o r   l e v e l  4 

s t r u c t u r a l   d i s t u r b a n c e s   f o r  three t e s t  s i tes  a t  Tuktoyslctuk i n  August 

a r e  shown i n   f i g u r e  73. F igu re  7 4  shows s i m i l a r   i n f o r m a t i o n   b a s e d  

on v e g e t a t i o n   d i s t u r b a n c e   w h i l e   i n   F i g u r e  75 the   r e sponse  of s t r u c -  

t u r e   a n d - v e g e t a t i o n  are averaged t o  g i v e  a compos i t e   p i c tu re .  

S e v e r a l   f e a t u r e s   e m e r g e   f r o m   t h i s   a n a l y s i s ,   e s p e c i a l l y  

f i g u r e  75. S i t e  1, a p p e a r s   t o   b e  t h e  most d e l i c a t e   o f   t h e   t h r e e  

si tes,  fo l lowed by si tes 3 and 2 i n   t h a t  order.  I n  s i t e  1 ,   t h e  

microtopography was f a i r l y  smooth i n i t i a l l y  and. t h e   v e g e t a t i o n  

composi t ion   conta ined  a l a r g e   p r o p o r t i o n  of sedges.   moisture  con- 

t e n t   h e r e  was compara t ive ly   h igh .  I n  s i t e  2 ,  on the   o the r   hand ,  

t he   g round  was r e l a t i v e l y   d r y ,   r o u g h ,   h a r d  and  covered  with  robust  

woody shrubs .  I t  would seem t h a t   c o n d i t i o n s  of t h i s   t y p e  w i l l .  

t o l e r a t e  more t r a f f i c   t h a n   t h o s e   f o u n d  i n  s i t e  1. Both  the  cha- 

racterist ics and   the   response  of s i te  3 l i e  between  those of s i tes  

1 and 2 .  

I 

Also, q u i t e   p r e d i c t a b l y   a s   t h e   w e i g h t   o f   t h e   v e h i c l e  

i n c r e a s e s ,   t h e  number of p a s s e s   t h a t   c a n  be t o l e r a t e d   d i m i n i s h e s .  

Over t h e   r a n g e   o f   w e i g h t s   t e s t e d   t h e r e   a p p e a r s  $0 be a roughly 

l i n e a r   r e l a t i o n s h i p   b e t w e e n   t h e s e   v a r i a b l e s .   T h i s  allows p r e d i c -  

t i on   o f   t he   t o l e rab le   nu r rhe r  of passes f o r  a w i d e - t r a c k e d   v e h i c l e  

o f   any   g iven   we igh t   i n   t he   r ange   t r ea t ed   he re .   In   dec id ing  cn 

a l i m i t  t o  number of  passes f o r  any   proposed   tundra   c ross ing ,  

i t  should be p o s s i b l e   t o   u s e   t h i s  type of i n f o r m a t i o n   t o   p l a n  

o p e r a t i o n s   e f f e c t i v e l y   a n d   p r e d i c t a b l y .  
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. 

While t h e  i n f o r m a t i o n   i n   f i g u r e s   7 3 ,  74 and 75 i s  

o f  l i m i t e d  u s e ,  t h e  p r i n c i p l e  i s  b e l i e v e d  t o  be sound an?. wider 

s u c c e s s f u l   a p p l i c a t i o n  of t he  p r i n c i p l e   o n l y   r e q u i r e s   a d d i t i o n 2 1  

d a t a   f o r   o t h e r   t e r r a i n   c o n d i t i c n s ,   A l t h o u g h   i n   t h i s   p r o j e c t  

more d - a t a  were accumulated f o r   v a r i o u s   o t h e r  t e s t  s i tes ,  

there are as y e t   n o t   e n o u g h   d a t a   t o   e n a b l e   f u r t h e r   r e l a t i o n s h i p s  

of the type  shown i n   f i g u r e s   7 3 ,  74 and  75 t o  be def , ined.  

I t  may k e  h e l p f u l  t o  c o n s i d e r  Table  I V  which descri- 

bes t he   r e sponse   o f  all t h e  t e s t  s i tes  t o   t h e  same type  of  

v e h i c l e .  There a r e   p r o k a b l y   c o n s i d e r a b l e   e r r o r s   b e c a u s e  the  

three veh ic l e s   u sed   a l though  of t h e  same type ,  were l i k e l y  

not a l l  e x a c t l y  the  same weight .   I iowever ,   these   a re   the   bes t  
1 

d a t a  a.vai1abl.e a t   t h i . s  time. 

CENTW, 
TEST S I T E  

DATE 

". . "__I_ 

" . ", .j"_ 

1 p a s s  
5 
10 
20 ' 

40 
6 0  
80 
100 

SP 
1 

AUG 

7.6 
7.7 
8 . 7  
8.8 
8.8 
8.8 
8.8 
8. 8 

___ 
" 

" 

TUN 
3 

ITUN 

1.1 
3 .1  
4.2 
5 .3  
6.4 
7.6 
8.6 
8.6 

" 

"" 

-__ 

SP -SHINGLE P O I N T  
TUN -TUZ?L;NUK 
T U K  -TUKTOYA.XTL?K 

SP 
2 

P.UG 

2 . 1  
2 . 2  
2 .3  
6.5 
7.7 
8.7 
8.7 
8. 8 

- "- SP 
4 

A UCl - .- 

2 .3  
3 . 3  
4 .3  
5.4 
€. 5 
7.7 
8.7 
8 .8  

.. 

" 

SP 
3 
E " . " 

2.5 
2.5 
3.4 
4.7 
7.7 
8.5 
8.8 
8.8 

T LTI 
2 

LTulJ 

1 ..1 
2 . 2  
3.3 
3.4 
5.6 
7.7 
7.7 
8.7 

". T UN 
4 

UT LPY 

1 . 4  
3.3 
4 . 4  
4.5 
5 . 7  
7 . 8  
8.8 
8.8 

- ." . . . 

"" - 

TUK . " ." 

2 
E L ! !  

1.1 

_" 

2 . 2  
3 .3  
4 . 3/ 
5 . 4  
5.5 
6 . 7  
6.7 

1 S T  D I G I T  - STRUCTCFE DANAGE 

_" T LTN 
- 11 " 
Jc;N 

L" 
"I 

L" 
, "- 
5 . 6  
6.7 
8.7 
8.8 

LEVEL 

2MD DIGIT VEGETATION DAP,%GS LEVEL 

TABLE IV STF.UCTURE P,NC VEGETATIOIJ CLSTURBPNCE AT ALL 
TEST SIT'ES AFTER TPJ-FFIC BY LIGET ;TRACKED 
C$-RRIERS WE IGHIPTC A+PPF.@XIL?TELY 900 0 LE!. 

I 
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I t  would a p p e a r   t h a t   w i t h   o n e   e x c e p t i o n   l e v e l  4 d i s t u r -  

bance   appea r s   be tween   t en   and   twen ty   pas ses   fo r  a t r a c k e d   v e h i c l e  

weighing   approxina te ly   4 .5   tons .  The excep t ion  i s  S h i n g l e   P o i n t  

t e s t  s i te  1 which was e a s i l y   r e c o g n i z a b l e   b y  i t s  ve ry   h igh  s o i l  

moi s tu re   con ten t  - (free water was v i s i b l e  on t h e   g r o u n d   s u r f a c e ) .  

P e n d i n g   a c q u i s i t i o n   o f   f u r t h e r   d a t a ,  i t  would seem p r a c t i c a l  t o  

e x t e n d   t h e   a p p l i c a t i o n  of r e s u l t s   d i s p l a y e d   i n   f i g u r e s  73, 74,  and  75 

to areas remote  f rom  Tuktoyaktuk,   except   for   very w e t  r e g i o n s .  

I 

1 

I 

I 
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Turning  Radius  

R e s u l t s   o f   t h e   t u r n  tests a p p e a r   i n   f i g u r e s  7 6 ,  7 7  and 

78 which show t h e   e f f e c t s   o f  5 p a s s e s   o f  a 4 6 , 0 0 0  lb. v e h i c l e  

a t  r a d i i   o f  2 0 ,  40 and 6 0  f t .   r e s p e c t i v e l y .  The tests were p e r -  

formed a t   T u k t o y a k t u k ,  s i te  1. 

The test  v e h i c l e   e x c e c u t e d   t h e  40 f t .  and 6 0  f t .   r a d i u s  

t u r n s   w i t h o u t   d i f f i c u l t y .  On t h e  2 0  f t .   r a d i u s   t u r n ,   t h e   i n s i d e  

t r a c k   f r e q u e n t l y   s l i p p e d  on i t s  s p r o c k e t ,   s t e e r i n g  e f f o r t  by t h e  

v e h i c l e   o p e r a t o r  was h igh ,   and   t u s socks  were torn   f rom  the   g round 

s u r f  ace. 

t e r r a i n   s u r f a c e   d i s t u r b a n c e   a p p e a r e d  to be  a t  o r  below 

l e v e l  4 i n  a t u r n   w i t h  a 6 0  f t. r a d i u s .   T h i s  i s  s u g g e s t e d   t o  be a 

r e a s o n a b l e  minimum t u r n i n g   r a d i u s   f o r  a v e h i c l e  of t h i s   s i z e  and 

we igh t .   Opera t ions   w i th   sma l l e r   veh ic l e s   wou ld  probably, n o t   b e  

inconvenienced by r e s t r i c t i n g   t u r n s  t o  a minimum r a d i u s   o f  60  f t . ,  

and   l a rge r   ' veh ic l e s   no rma l ly   p robab ly   have   t he i r  minirnum' t u r n i n g  

r a d i u s   m e c h a n i c a l l y   l i m i t e d   t o  a v a l u e   g r e a t e r   t h a n  60 ft In  

areas more s e n s i t i v e   t h a n  s i t e  1, Tuktoyaktuk,  i t  i s  perhaps  

p o s s i b l e   t h a t   t h i s  6 0  f t .  minimum i s  too   gene rous .   In  *t L e writer's 

judgement ,   however ,   such  sensi t ive  areas   would tolerate  a lmost  

n o   t r a f f i c   b e f o r e   l e v e l  4 d i s t u r b a n c e  was  produced  (c . f .   Shingle  

P o i n t  S i t e  1) .  Analysis   of   Table  I V  h a s  shown t h i s  to be a r e a -  

s o n a b l e   t e n t a t i v e   a s s u m p t i o n .  

1 

a I 

I 

I 

I 



Fig. 76. Turn test, 20 ft. radius 
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Stream Cross ing  Test 

F igu re  1 3  shows a l i g h t   t r a c k e d   c a r r i e r   p a s s i n g   t h r o u g h  

t h e   s m a l l  stream u s e d   i n   t h i s  t es t  a t   S h i n g l e   P o i n t .  A s  t r a f f i c  

p r o g r e s s e d   s e d i m e n t   l y i n g  on the   s t r eam  bo t tom was d i s t u r b e d  

and carried. downstream i n   t h e   c u r r e n t   a s   m i g h t   b e   e x p e c t e d .  Fol -  

lowing t h e  t es t  t h e  w a t e r   i n  t h e  stream c l e a r e d   w i t h i n  an hour .  

S h a l l o w   r u t s   a t   r i g h t   a n g l e s   t o  t h e  stream emerged. from it on bo th  

s loping  banks,   and  sediment  carried o u t  of.  t h e  s t ream  bot tom ky 

the  v e h i c l e  tracks ~ 7 a s   s p r e a d  on t h e   b a n k s   n e a r   t h e   r u t s .  

I t  i s  s u g g e s t e d   t h a t   a s s e s s r e n t   o f  the  long  term e f f e c t s  

of t h i s  t e s t  will depend  on  repeated.  inspection of t h e  s i t e  i n  

t h e   f u t u r e .  immediate e f f e c t s  of the  test  a p p e a r e d   t o  be confined. t o  

the  s h a l l o w   r u t s   f o r m a t i o n .   S t r e a m   f l o w   r a t e   a n d   w a t e r   q u a l i t y  

as o b s e r v e d   v i s u a l l y   d i d   n o t  seem t o  be altered i n  any way a f te r  

t h e   d i s t u r b e d   s e d i m e n t  had flowed  downstream. 
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Drawbar P u l l  Tests 

I t  i s  q u i t e  well known t h a t   i n   o r d e r   f o r  a v e h i c l e   t o   p r o p e l  

i t s  weight  up a s l o p e ,   o v e r c o m e   r o l l i n g  resistance of   the   g round 

and tow a t r a i l e r ,  t h e   v e h i c l e   m u s t  exer t  t r a c t i v e   e f f o r t .   T h i s  

e f f o r t  i s  s u s t a i n e d  by s h e a r  stresses i n   t h e   v e g e t a t i o n   a n d  soil 

nea r   t he   g round   su r f ace .  The maximum s h e a r  stress, a n d   t h e r e f o r e  

t r a c t i v e   e f f o r t ,   t h a t   c a n  be   sus ta ined .  by the  ground  depends  on 

its s h e a r   s t r e n g t h   w h i c h   i n   t u r n   d e p e n d s   c n  a number  of o t h e r  

p r o p e r t i e s .  

I f   t h e   s h e a r   s t r e n g t h  i s  exceed-ed i n  a . p p l y i n g   t r a c t i v e  

e f f o r t ,   t h e   g r o u n d   s u r f a c e  f a i l s  a n d   t h e   v e h i c l e   t r a c k s  or  wheels 

s l i p .   I n   t h e   p r o c e s s ,   v e g e t a t i o n  i s  t o r n  up and s o i l  i s  d i s p l a c e d .  
I 

I n   o t h e r  words t h e  t e r r a i n   s u r c a c e  becomes d i s t u r b e d .   f a i l u r e  

of   the   g round  sur face   does  not s ign i fy   comple t e  loss o f   t r a c t i v e  

e f f o r t .   I n  f a c t  maximum t r a c t i v e   e f f o r t  i s  usual ly   accompanied 

by a s l i g h t  amount o f   s l i p .  i 
0 I 

. .  I' 
For t h e   p u r p o s e s  of t h e s e  tes ts ,  an at tempt   has   been 

made t o  r e l a t e   t e r r a i n   d i s t u r b a n c e   l e v e l  t o  va r ious   va lues  of s l i p  

i n   o r d e r   t o   s u g g e s t  a s l i p   v a l u e   t h a t   m i g h t   c o r r e s p o n d  to a maxi- 

mum t o l e r a b l e   t e r r a i n   d i s t u r b a n c e  level.  Given t h i s   v a l u e  i t  i s  

a matter of   mathemat ica l   ca lcu la t ion   and   vehic le   per formance  

t e s t i n g   o u t s i d e   t h e   s c o p e   o f   t h i s   p r o j e c t   t o   d e t e r m i n e   s l o p e  and 

load-towing l imits which  might  be  imposed on v e h i c l e s   t o   e n a b l e  

them t o  s t a y   w i t h i n   t e r r a i n   d i s t u r b a n c e  limits. 

I 
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The type   o f   r e su l t s   de r ived   f rom  the   d rawbar  p u l l  t es t s  

conducted a t  Tuktoyaktuk  in   August  i s  shown i n   f i g u r e s  79  and 80.  

These photographs were t a k e n   i n  T e s t  S i t e  3 and  show t h e  e f f e c t s  
! 

of 1 9 . 7 %  s l i p   a n d  1 0 0 %  s l i p  (100% s l i p   b e i n g   t h e   c o n d i t i o n   i n  

wh ich   t he   veh ic l e  i s  n o t  moving b u t  i t s  t r a c k s   a r e   s p i n n i n g ) .  

Analys is  of t h i s  and   o the r  tests has shown t h a t  maximum t r a c t i v e  

e f f o r t  was developed a t   c l o s e  t o  2 0 %  s l i p   a n d  t h a t  t h i s  e f f o r t  

was v i r t u a l l y   s u s t a i n e d  up t o  1 0 0 %  s l i p .   T e r r a i n   d i s t u r b a n c e  

was w e l l  w i t h i n   l e v e l  4 a t  2 0 %  slip and i n  s i te  1 a t  Tuktoyaktuk 

approached   l eve l  5 i n   p l a c e s   ( p e r m a n e n t   r u t s   j u s t   s t a r t i n g   t o  form). 

Th i s  l e v e l   o f   d i s t u r b a n c e  was reached i n  one pass   under   drawbar  

load cond i t ions   whereas  i t  had  been reached i n  between 5 and 15 

p a s s e s   i n  the mul t ipas s  tes ts .  Drawbar p u l l s   a t  2 0 %  s l i p  varied 

between 30% and 4 5 %  of the v e h i c l e ' s   w e i g h t .  

I t  w o u l d   a p p e a r   t h a t   i n   o p e r a t i n g  tracked v e h i c l e s  as 
I 

t r a c t o r s   t o w i n g   l o a d s   o r   a s   c a r r i e r s   c l i m b i n g   s l o p e s ,  s i p   s h o u l d  

be less than  2 0 %  t o  limit t e r r a i n   d i s t u r b a n c e   t o   l e v e l  4 '  T h i s  

amount  of s l i p  i s  c o n s i s t e n t  w i t h  n e t   t r a c t i v e   e f f o r t   a m o u n t i n g  
I 

t o  30% t o  4 5 %  of  t h e  v e h i c l e ' s   g r o s s   w e i g h t .  

A . s  i s  t h e  c a s e  f o r  t h e  o t h e r  t es t s  t h i s   s h o u l d  be 

r ega rded   a s  a t e n t a t i v e   c o n c l u s i o n   u n t i l   r e g e n e r a t i o n  of v e g e t a t i o n  

i n  t h e  t e s t  s i tes  can be observed f o r  several y e a r s  and. l e v e l  4 

can  be  confirmed. as a t o l e r a b l e   d i s t u r b a n c e  l i m i t .  
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Vegeta t ive   Regenera t ion  

During the cour se  of t h e  summer t h e r e  were a few  oppor- 

t u n i t i e s  t o  v i s i t   a n d   i n s p e c t  tes t  s i tes  which had  had sone time 

t o  r e c o v e r   f o l l o w i n g   t r a f f i c .  One area   near   Prudhoe  Bay i n   n o r t h -  

e r n  Alaska had  had almost a y e a r   f o r   r e c o v e r y   f o l l o w i n g   t r a f f i c  

amounting t o  t en   o r   twen ty   pas ses   o f  medium and  heavy  vehicles .  

When viewed  from the  a i r ,  t h e  tracks were c e r t a i n l y   v i s i b l e   a n d  

n o t i c e a b l e   i n   c o n t r a s t   t o  t h e  s u r r o u n d i n g   t e r r a i n .  The v e g e t a t i o n  

i n  some t r a c k s  was a da rke r   g reen .  

Closer i n s p e c t i o n  a t  g round   l eve l   r evea led   t ha t   vege -  

t a t i o n   i n   t h e   t r a c k s  was n o t   o n l y  a da rke r   g reen   bu t  a l so  s l i g h t -  

ly l a r g e r   i n   s t a t u r e  w i t h  more p l a n t   m a t e r i a l   i n  a g i v e n   a r e a   t h a n  
1 

i n   a d j a c e n t .   u n d i s t u r b e d   a r e a s .   t h e r e   d i d   n o t   a p p e a r   t o  be any 

subsidence  of  t h e  p e r m a f r o s t   t a b l e  i n  s u c h  l o c a t i o n s .  

Where t r a f f i c  through  puddles   had   sp lashed   dark   pea t  up on 
I 

t h e  sides of d e p r e s s i o n s ,   c o v e r i n g  t h e  v e g e t a t i o n ,   p l  an 1 ' growth 

appeared  to   have  been  re tarded  and t h e  c o v e r e d   p l a n t s  were yel- 

l o w  i n   c o l o u r  as compared w i t h  u n d i s t u r b e d   v e g e t a t i o n .  l 1 

. .  

A t  Tununuk it was p o s s i b l e   t o   i n s p e c t  .in augus t  t h e  s i tes  

where m u l t i p a s s  t es t s  had  been  conducted  two  months  previously. 

F igu re  8 1  shows t e s t  s i t e  2 following  completion  of 6 0  p a s s e s  

by two l i g h t   v e h i c l e s   i n   J u n e .   F i g u r e  82 i s  t h e  same view of t h i s  

a r ea   i n   Augus t .   Cons ide rab le   g rowth   o f   vege ta t ion   i n  t h e  r u t s  

i s  v i s i b l e .   F i g u r e s  83 and 84 show  Tununuk s i t e  4 i n   J u n e  and 

A u g u s t   r e s p e c t i v e l y .  One hundred   passes  of t h e  same v e h i c l e  were 
, 

completed i n  t h i s  s i t e .  



3 .  82. Tununuk test s i te  2 
Auau s t 



'* 1 
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Sites a t  Tuktoyaktuk where tes ts  were performed a t  t h e  

e n d   o f   A u g u s t   d i s p l a y e d   v i r t u a l l y   n o   n o t i c e a b l e   r e g r o w t h  by t h e  

end of September. 

There was some r e c e s s i o n  of t h e  p e r m a f r o s t   t a b l e   b u t  

measurements  showed t h e  recession t o  b e   h i g h l y   i r r e g u l a r   a n d  

v a r i a b l e .  I t  was n o t   p o s s i b l e   t o   a c c o u n t  fo r  the v a r i a t i o n s ,   e x -  

c e p t  t o  s u g g e s t   t h a t  the  r e c e s s i o n   p r o c e s s  was not   comple te  

when the   measurenents  were taken .  If addi t iona l   measurements   a re  
a 

t a k e n   i n  t h e  f u t u r e ,   t h e y  may show  more uni form  response  of  the 

p e r m a f r o s t   t o  t h e  s u r f a c e   d i s t u r b a n c e .  1 
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S i g n i f i c a n c e  of Test R e s u l t s  

There i s  one   major   obs tac le  t o  e s t a b l i s h i n g  t h e  rele- 

vance  of t h e  t es t  r e s u l t s   i n  t h i s  r e p o r t  t o  f u t u r e   r e g u l a t i o n   o f  

o f f   - r o a d   v e h i c l e   o p e r a t i o n s .  Tha t  o b s t a c l e  i s  t h e  absence of an es- 

tab l i shed  c r i t e r i o n  which would  a l low an " i n s t a n t "   d e c i s i o n  t o  

be made r e g a r d i n g   a n   a c c e p t a b l e   l e v e l   o f   t e r r a i n   d i s t u r b a n c e .  I t  

i s  p robab le  t h a t  t h e r e  w i l l  be c o n f l i c t i n g   o p i n i o n s  as t o  what  

c o n s t i t u t e s   a c c e p t a b l e   t e r r a i n   d i s t u r b a n c e ,   a n d   d i s a g r e e m e n t  as 

t o  whether a l l   d i s t u r b a n c e   c a n  be called damage. 

In  many t u n d r a   a r e a s   e v e n  t h e  s l i g h t e s t  amount of 

v e h i c l e   t r a f f i c  will leave  a permanent or a t  l eas t  a very p e r -  

s i s t e n t  mark  on the  s u r f a c e   o f   t h e   t e r r a i n .  Some w i l l  contend 

t h a t   s u c h  a mark i s  i n t o l e r a b l e   b e c a u s e  an u n d i s t u r b e d   n a t u r a l  

sys tem.   has   been   in te r fe red  wi th ,  even  though  vegetat ive  growth 

may actual ly   have  been  enhanced.   There w i l l  a l so   undoub ted ly  

be a few  advocates  of u n r e s t r i c t e d   t r a f f i c  on t h e  grounds t h a t  

there i s  no  e v i d e n c e   t h a t   s u c h   t r a f f i c  causes any more than   very  

loca l i zed .  damage o v e r   a n   a r e a   t h a t  i s  min i scu le   i n   compar i son  - 

w i t h  t h e   t o t a l  area o f   coun t rys ide  wi th  which we-are concerned. 

E i t h e r  of these a l t e r n a t i v e s  would make t h e  d e c i s i o n  

s imple  and  would  preclude t h e  need.- for the type   o f   s tudy   r epor -  

ted h e r e .   N e i t h e r  seems r e a l i s t i c .  The needs  of indus t ry   and  

s o c i e t y   i n   g e n e r a l   s h o u l d   b e  m e t  w i thou t   abus ing  t h e  environment  

by n e e d l e s s   d e s t r u c t i o n .   I f   t h i s   c a n  be a c c e p t e d   a s  a working 

p r i n c i p l e  i t  i s  p o s s i b l e  t o  sugges t  a l e v e l   o f   d i s t u r b a n c e  from 

which the  t e r r a i n  will p r o b a b l y   r e c o v e r   w i t h i n  t w o  t o  three years.  
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T h i s ,  it must  be  admitted., i s  a p r e d i c t i o n   b a s e d  on s c a n t y   f a c t u a l  

evidence.   There now exis t ,   however ,   documented t e s t  s i tes  which 

can   be   moni tored   dur ing   the   next   few  years  t o  c o n f i r m   o r   d i s p r o v e  

t h e   p r e d i c t i o n .  

I t  was sugges t ed  ear l ie r  t h a t   l e v e l  4 d i s t u r b a n c e  i s  

an  amount  which c a n  be t o l e r a t e d .  A t  t h i s   l e v e l   t h e r e  i s  s l i g h t  

t e a r i n g   a n d   s c a t t e r i n g  of v e g e t a t i o n   w i t h   a n   e s t i m a t e d  1 0 %  of 

t h e   v e g e t a t i o n   t o t a l l y   d e s t r o y e d .  The t o p s  of mounds a r e   s c u f f e d  

and  packed. down, b u t   r u t s  h a v e   n o t   s t a r t e d  t o  f o r m   i n   t h e   v e h i c l e  

t r a c k s .   I n   s u g g e s t i n g   t h a t   t h i s   l e v e l   s h o u l d  be accep ted ,  i t  is 

p r e d i c t e d   t h a t  on t e r r a i n   d i s t u r b e d  t o  t h i s   e x t e n t   t h e r e  w i l l  be 

t o t a l   r e c o v e r y  of a l l   s p e c i e s  o f   v e g e t a t i o n   o r i g i n a l l y   f o u n d  

t h e r e ,   t h e r e  w i l l  be  no  permanent  subsidence  of t h e  permafros t  

t ab l e   t o   ' b r ing   abou t   s lumping   o f .   t he '   su r f ace  known as   thermo- 

ka r s t ,   an2   t he   absence  of r u t s  will avo id   t he   p rob lems   o f   a r t i -  

f i c i a l   c h a n n e l s  on s l o p e s   l e a d i n g   t o   e r o s i o n  by s u r f a c e   r u n o f f .  

Because  of  the  need t o   o b s e r v e   r e c o v e r y   o f   t h e   d i s t u r b e d  

t e s t  s i tes  dur ing   t he   nex t   f ew   yea r s ,   any   a t t empt  a t  this time 

t o  c l a s s i f y   t e r r a i n   s e n s i t i v i t y  t o  d is turbance   mus t   be   regarded  

a s  a f i r s t   a p p r o x i m a t i o n .  I n  r e s p o n d i n g   t o  damage a t   t h e  time 

it i s  i n f l i c t e d   r o u g h ,   d r y ,   s h r u b - c o v e r e d   s l o p e s  are t h e  least  

s e n s i t i v e ,   f o l l o w e d   b y   f l a t ,  moist, shrub   and   sedge   covered   a reas ,  

then   sedge ,  moss, and   l i chen   cove red   dep res sed   cen t r e   po lygons ,  

and f i n a l l y   t h e   m o s t  sensi t ive v e r y  wet sedge  covered  areas   ad-  

j a c e n t  t o  s m a l l   l a k e s .  I t  may prove   th rough time t h a t   t h e  w e t  

a r e a s  will recove r  more q u i c k l y   t h a n   t h e   d r y   r e g i o n s  If t h i s  i s  
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o f   t u n d r a   s e n s i t i v  
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b e   t a k e n   i n t o   a c c c u n t   i n  t h e  f i n a l   d e f i n i t i o n  

i t y  . ~ 

I 
The r e g u l a t i o n  of v e h i c l e   t r a f f i c   t o  conform t o  t e r r a i n  

d i s t u r b a n c e  limits will u l t ima te ly   depend  on an a b i l i t y   t o   r e c o g -  

n i z e   t e r r a i n   t y p e s   a n d  know t h e i r   s e n s i t i v i t i e s .   T h i s   i n f o r m a t i o n  

cou ld   be   conve r t ed   i n to   u seab le   fo rm  by  mapping t h e   s e n s i t i v i t i e s  

of a r e a s   w h e r e   t r a f f i c  i s  l i k e l y  t o  b e   c o n c e n t r a t e d .  The e f f e c t s  

o f   t h e   s e a s o n s  on response  of t e r r a i n   t o   t r a f f i c  would  have t o  be 

t a k e n   i n t o   a c c o u n t .  

The des ign   of  t h e  v e h i c l e   a l s o   h a s  an e f f e c t  on t e r r a in  

r e s p o n s e   a s   h a s   b e e n   r e v e a l e d   t o  some e x t e n t  i n  t h i s   r e p o r t .  

Vehic le   weight  i s  an e spec ia l ly   impor t an t   pa rame te r .   T rack   des ign  

wh ich   i nco rpora t e s   sha rp   cu t t i ng   edges   and /o r  a d e t e n t   i n   t h e  

c e n t r e   o f  each g r o u s e r   a p p e a r s   t o   p r o m o t e   r a p i d   d i s t u r b a n c e .  
1 I 

4 There i s  a n e e d   f o r   a d d i t i o n a l   i n v e s t i g a t i o n   o f   t h e   d i s t u r b i n g  
I 

i n f l u e n c e   o f   t r a c k  designs o t h e r   t h a n   t h o s e   u s e d   i n   t h e s e  tes ts  

and  a lso  of   wheels   and low p r e s s u r e   r o l l e r s .  I 
I 

I '  
' It h a s   a l s o   b e e n   l e a r n e d   t h a t   v e h i c l e   o p e r a t i o n s   c a n  

I 

b e   d e s i g n e d   t o   m i n i m i z e   d i s t u r b a n c e .   I n   A l a s k a ,  i t  has  been  found 

t h a t  mak ing   one   o r   two   f ina l   pas ses   w i th   t he   veh ic l e   t r acks   ove r -  

l a p p i n g   t h e   o r i g i n a l   p a t h   b l e n d s   t h e   s h a l l o w   r u t s  w i t h  t h e   a d j a -  

c e n t   g r o u n d   s u r f a c e  and the vehic le   pa th   then   becomes  less n o t i c e a b l e  

N o  mention  has  been made h e r e  of t h e   e f f e c t s   o f   w i n t e r  

t r a f f i c  on the   t undra   su r f ace .   Th i s   wou ld   be   r equ i r ed   fo r  a t r u l y  

comple t e   ana lys i s  of v e h i c u l a r   t u n d r a   d i s t u r b a n c e .  \ 

I 

I 
I 
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Conclus ions  

1. 

2. 

3 .  

4 .  

5. 

6. 

7 .  

8 .  

9. 

Mois tu re   con ten t ,   vege ta t ion   compos i t ion   and   dep th   t o   pe rma-  

f r o s t  appear  t o  b e   t h e   p r i m a r y  fac tors  c o n t r o l l i n g   t e r r a i n  
i 

s e n s i t i v i t y  t o  d i s t u r b a n c e  

T r a f f i c   s h o u l d   b e   a v o i d e d   i n  areas where  open water i s  v i s i b l e  

on t h e   g r o u n d   s u r f a c e .  

The most i n f l u e n t i a l   f a c t o r  of t r a c k e d   v e h i c l e   d e s i g n   a f f e c t i n g  

t e r r a i n   d i s t u r b a n c e  i s  weight .  

F l a t   t r a c k s   h a v i n g   n o   d e t e n t   i n   t h e   c e n t r e  are b e n e f i c i a l   i n  

r e d u c i n g   t e r r a i n   d i s t u r b a n c e .  

Based on t h e   t e r r a i n   d i s t u r b a n c e   c l a s s i f i c a t i o n   s y s t e m  des- 

c r i b e d  ear l ie r ,  d i s t u r b a n c e  leve l  4 has   been   s e l ec t ed   t en t a . -  
1 

t i v e l y  - a s  a t o l e r a b l e  maximum disturbance l e v e l .  Level  4 

c o n s i s t s  of 1 0 %  damage to v e g e t a t i o n   a n d   s c u f f i n g   a n d   f l a t t e n i n g  

of mounds. I 

The e f f e c t  of season on t e r r a i n   s e n s i t i v i t y   c a n n o t  be n e g l e c t e d .  

S e n s i t i v i t y   a p p e a r s   t o  be d i r e c t l y   r e l a t e d  t o  proximity of 

f r o s t  t o  t h e   g r o u n d   s u r f a c e .  

A minimum t u r n i n g   r a d i u s  of 6 0  f t .  f o r  5 p a s s e s  of any  t racked 

I 

I 
I 

I ’  

v e h i c l e  of t h e   t y p e s   t e s t e d   r e s u l t s   i n   t e r r a i n   s u r f a c e  d i s -  

tu rbance   equa l  t o  o r  less than  level  4 .  

Conclus icns   concern ing  stream c ross ings   canno t   be  drawn u n t i l  

long- te rm  observa t ions   o f  t e s t  s i tes  have  been  completed. 

I n   o p e r a t i n g   t r a c k e d   v e h i c l e s  as t r a c t o r s   t o w i n g   l o a d s  o r  as 

carriers c l imbing  slopes, s l i p   s h o u l d   b e  less than 2 0 %  t o  

I 
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l i m i t  t e r r a i n   d i s t u r b a n c e  t o  l e v e l  4. This  amount of s l i p  

i s  c o n s i s t e n t  with n e t   t r a c t i v e   e f f o r t   a m o u n t i n g   t o  3 0 %  t o  

45% o f   t h e   v e h i c l e ' s   g r o s s   w e i g h t .  

1 0 .  Even f o r   d i s t u r b a n c e   e x c e e d i n g   l e v e l  4, cons ide rab le   vege ta -  

t i v e  r e g r o w t h   o f   a l l   s p e c i e s   p r e s e n t  i s  poss ib l e   immedia t e ly  

f o l l o w i n g   t h e   d i s t u r b a n c e   p r o v i d e d  t h e  d i s t u r b a n c e   o c c u r s  

- I .  . ea r ly   i n   t he   g rowing   s eason .   D i s tu rbance   occu r r ing   du r ing  

t h e  l a t t e r  t h i r d  of t h e  g r o w i n g   s e a s o n   r e s u l t s   i n   n o   s i g n i -  

f i c a n t   a p p e a r a n c e  of v e g e t a t i v e   r e g e n e r a t i o n .  

11. A f i n a l   d e c i s i o n  on t u n d r a   s e n s i t i v i t y   c l a s s i f i c a t i o n   m u s t  

awa i t   obse rva t ion   o f  t e s t  s i tes  ove r  a two t o  three y e a r  

pe r iod .  

1 2 .  E f f e c t i v e   u s e  of a t u n d r a   d i s t u r b a n c e   a n d   s e n s i t i v i t y  clas- 

s i f i c a t i o n   s y s t e m  will depend on e f f e c t i v e  mapping  procedures.  



recommendations 

I t  i s  s u g g e s t e d   t h a t ,  as a r e s u l t  of t h e   c o n c l u s i o n s  

r e p o r t e d   h e r e ,   a t t e m p s   s h o u l d  be made t o :  

1. Observe   the   changes   occur r ing  i n  each   o f   t he  t es t  s i tes  and 

p r e p a r e   . a   s u i t a b l e   r e p o r t .  

2 .  S tudy   and   repor t  on t h e   r e s p o n s e   o f   t h e   t e r r a i n   t o   t r a f f i c  

by new t r a c k   d e s i g n s   a n d  by  wheeled  vehicles .  

3 .  Observe   and   document   win ter   vehic le   opera t ions   and   record  

t h e i r   e f f e c t  on t h e   t e r r a i n   a s   d e t e r m i n e d  by i n s p e c t i o n  

d u r i n g   t h e  summer season .  

4. Document d e s c r i p t i o n s  of t y p i c a l  summer v e h i c l e   o p e r a t i o n s  

f o r  u s e   i n   a s s e s s i n g   r e l e v a n c e  of p o s s i b l e   t u n d r a   t r a f f i c  

limits. 

5 .  S u r v e y   t e r r a i n   a n d   c l i m a t i c   c o n d i t i o n s   i n   o t h e r   a r c t i c   e x -  
t 

p l o r a t i o n   a r e a s  to d e t e r m i n e   s u i t a b i l i t y   o f   d i s t u r b a b c e  c r i -  

t e r i a   d e v e l o p e d   i n   t h i s   r e p o r t .  I 
6. develop  and t e s t  route   se lec t ion   and   mapping   method  logy  

I 

1 9 
which W i l l  t a k e   i n t o   a c c c u n t   v e h i c l e   d e s i g n ,   t e r r a i n  sensi-  

t i v i t y ,  climate and  season.  
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I n  a c c o r d a n c e   w i t h   t h e  terms of our  agreerrent  between 
t h e  crown and t h e  muskeg R e s e a r c h   I n s t i t u t e ,   t h i s  l e t t e r  
i s  r e s p e c t f u l l y   s u b m i t t e d  as, a summary report describing 
Phase One t r i a l s  of Arct ic  Ter ra in   Dis turbance   by   Tracked  
Vehic les .   This   p rogram was c a r r i e d   c u t   b e t w e e n   J u n e  1 6  
and June  2 4 ,  1 9 7 0  i n   t he   Mackenz ie  Delta area by a f i e l d  

s i t y   o f  new b runswick  

O b j e c t i v e s  of the   p rogram were to: I' 
I 

1. Become a c q u a i n t e d   w i t h   n o r m a l   o p e r a t i n g   p r a c t i c e ?   i n -  
volving t r a c k e d   v e h i c l e s   i n   t h e   m a c k e n z i e  delta area 
2. E s t a b l i s h  t e s t  s i t e s  a t  a l o c a t i o n   o f f e r i n g   t y p i c a l  
t e r r a i n   c o n d i t i o n s   a n d  a s e l e c t i o n   o f   t r a c k e d   v e h i c l e s  
s u i t a b l e   f o r  t e s t  purposes .  

0 p a r t y  of f o u r  from t h e  Muskeg R e s e a r c h   I n s t i t u t e ,   U n l v e r -  
I 

I 

! 
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4 .  Obta in   da t a   and   s amples   f rom  the  terrain t o   f a c i l i t a t e  ~ 

i t s  d e s c r i p t i c n   f o r   f u t u r e   r e f e r e n c e .  

5 .  Conduct a p r e l i m i n a r y   s u r v e y   o f   o t h e r   p o s s i b l e  t r i a l s  
l o c a t i o n s  t o  d e t e r m i n e   t h e   n e c e s s i t y  of i n c o r p o r a t i n g  
a d d i t i o n a l  s i tes  i n   s u b s e q u e n t   v e h i c l e  t r i a l s .  

I 

I n  a c c o r d a n c e   w i t h   t h e s e   o b j e c t i v e s ,   . t h e   f i e l d   p a r t y   e s t a b -  
l i s h e d  t e s t  s i t e s  a t  Tununuk p o i n t  at t h e   s o u t h   e n d   o f  
R i c h a r d s   I s l a n d   i n   t h e   M a c k e n z i e  Delta, a n d   s e l e c t e d  four 
tes t  s i t e s  which  appeared t o  b e   r e p r e s e n t a t i v e   o f   t y p i c a l  
t e r r a i n   c o n d i t i o n s   t o  be f o u n d   i n   t h e  area. 

A l i g h t   t r a c k e d  car r ie r ,  a l ight-medium  four- t racked car r ie r ,  
a medium t r a c k e d  carr ier  and a medium t r a c k e d   b u l l d o z e r  were 
i n c o r p o r a t e d   i n   t h e  tes ts .  

At e a c h : t e s t  s i t e ,  d a t a   c o n s i s t i n g   o f   v e g e t a t i o n   c o v e r  
d e p t h  t o  f r o s t ,   g r o u n d   t e m p e r a t u r e   a n d   e l e v a t i o n s  were ob- 
t a i n e d  t o  f a c i l i t a t e   d e s c r i p t i o n  of t h e  s i t e s .  S o i l  and 
Vege ta t ion  samples were a l s o  taken   f rom  each  sit-e. 

T e s t   v e h i c l e s  were ope ra t ed  a t  each s i t e  i n  s e v e r a l   d i f f e r e n t  
ways. A t  t h e  f i r s t  s i t e ,  a l l  v e h i c l e s   t o o k  p a r t  and tes ts  
were. conducted   wi th  a l l  v e h i c l e s   u n l o a d e d .  Then t h e   , l i g h t  

a n d   t h e  tes ts  were r e p e a t e d .  I 

One t e s t  c o n s i s t e d  of d r i v i n g   t h e   v e h i c l e s   b a c k   a n d   f o r t h  
a long  a t e s t  line a t  least. 160 f ee t   l ong   and   pho tograph ing  
t h e   r u t s   a f t e r  1, 5 ,  1 0 ,  2 0 ,  4 0 ,  6 0 ,   8 0 ,  and 1 0 0  p a s s e s   t o  
d e t e r m i n e   a n d   r e c o r d   t h e   e x t e n t  of t h e   t e r r a i n   d i s t u r b a n c e  

Another t e s t  invo lved   measu r ing   t he   r eco rd ing   d rawbar   pu l l  
a n d   s l i p  of a v e h i c l e   w h i l e   p h o t o g r a p h s  were t a k e n  a t  i n -  
t e r v a l s   v e h i n d  t h e  t e s t  v e h i c l e   t o   r e c o r e   t h e   e x t e n t  of 
t e r r a i n   d i s t u r b a n c e   c o r r e s p o n d i n g   t o   v a r i o u s   a m o u n t s  of 
t r a c k   s l i p .  

1 

carrier and   l i gh t -med ium  ca r r i e r  were provided   wi th   payloads  

I 
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The drawbar tes ts  were conducted  in   one s i t e  o n l y   w h i l e  
t h e   m u l t i p a s s   t r a f f i c  tes ts  were c o n d u c t e d   i n  all f o u r  
test  s i tes .  

As i n d i c a t e d  ea r l i e r ,  t h e  t e s t  s i t e s  were l o c a t e d   o n  
t e r r a i n   c o n d i t i o n s   j u d g e d   t o  be t y p i c a l  of t h e  area. Low 
h i l l t o p s   c o v e r e d   w i t h   s h o r t  woody s h r u b s  grasses, sedges ,  
mosses a n d   l i c h e n s ,   s l o p e s   c o v e r e d   w i t h  s imilar  v e g e t a t i o n   o r  
p redominan t ly   w i th   s edges   and  mosses low-lying areas of 
depressed   cen t re   po lygons   wi th   sedge   and   moss   cover ,   and  s t i l l  
lower p o l y g o n s   a d j a c e n t  t o  small lakes  and  covered  with 
t u s s o c k s  of sedge were t h e  m a i n   t y p i c a l   t e r r a i n   c o n d i t i o n s  
f o u n d   b o t h   i n   t h e   g e n e r a l   a r e a   a n d   i n   t h e  t e s t  s i t e s .  

I t  was o b s e r v e d   t h a t   f r o s t   d e p t h s   v a r i e d   f r o m  2 t o  1 2  

i n c h e s .  

W i t h   r e s p e c t   t o   t h e   d e g r e e   o f   t e r r a i n   d i s t u r b a n c e   o b s e r v e d ,  
t h e r e  was some v a r i a t i o n   i n   t h e  r a t e  of d i s t u r b a n c e   d e v e l -  
opement  from t r a f f i c   d e p e n d i n g  on t h e  weight o f   t h e   v e h i c l e ,  
t y p e  of , t r a c k ,  and   ground  mois ture   conten t .  

T e r r a i n   d i s t u r b a n c e  was most no t i ceab le   and   deve loped  most 
q u i c k l y   b e n e a t h   t h e   p r o m i n e n t  'ID" w h e e l   g u i d e   s e c t i o n s   i n  
the t r a c k s .  

The b u l l d o z e r   t r a c k s   h a d   f a i r l y   d e e p  c lea ts  wh ich   pene t r a t ed  
immediately t o  t h e   f r o s t  which   suppor te?   the   vehic le . '   There  
was no a p p a r e n t   c h a n g e   i n   t e r r a i n   d i s t u r b a n c e   a f t e r   a b o u t  
20 passes w i t h   t h i s   v e h i c l e .  

While   the  drawbar  p u l l  t e s t s  conducted were success  ul i n  
t h a t  good  measurements were o b t a i n e d  it was d i f f i c u l t  v t o  
e s t a b l i s h  any   meaningfu l   re la t ionship   be tween these  measure-  
m e n t s   a n d   t h e   c o r r e s p o n d i n g   t e r r a i n   d i s t u r b a n c e .   C o n t i n -  
u a t i o n   o f   t h e s e  t es t s  in   Phase  Tvo t r i a l s  will depend  on 
whether  a method  can be devs loped  t o  c o r r e l a t e   e x a c t l y  
t e r r a i n   d i s t u r b a n c e   p h o t o g r a p h s   w i t h   o t h e r   r e c o r d e d  mea-- 
surements .  

i n c h e s ,  b u t  were u s u a l l y   i n   t h e   n e i g h b o u r h o o d   o f  3 t o  7 

9 
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D e t a i l e d   r e c o r d s  of a l l  q u a n t i t a t i v e   d a t a  will be  main- 
t a ined   and   i nco rpora t ed   i n to   any   r epor t   emerg ing   f rom 
Phase Two of t h i s   p r o g r a m .  

Members o f   t h e   f i e l d   p a r t y   v i s i t e d   T u k t o y a k t u k   a n d   S h i n g l e  
P o i n t  t o  i n s p e c t   t e r r a i n   c o n d i t i o n s   a n d   t o   d e t e r m i n e   p r o -  
bab le   ava i l ab i l i t y   o f   veh ic l e s   and   accommoda t ion   wh ich  
cou ld   poss ib ly   be   u sed  i n  Phase two of t h e  program. 

The d i f f e r e n c e s   i n   c l i m a t e ,   s u b - s u r f a c e   m i n e r a l   s o i l ,  
topography,   vege ta t ion ,   and   ground  water   conten t   be tween 
t h e s e  two areas   and  Tununuk s u g g e s t   t h a t  a l l  t h r e e   l o c a -  
t i o n s   s h o u l d ,  if p o s s i b l e  b e   i n c o r p o r a t e d   i n   P h a s e  Two 
t r i a l s  i f   r e s u l t s   t r u l y   a p p l i c a b l e   t o  those a r e a s  a r e  
d e s i r e d .  

C o n s u l t a t i o n   w i t h   p e t r o l e m  company p e r s o n n e l   h a s   r e v e a l e d  
t h a t   o p e r a t i o n s   i n v o l v i n g  summer a c t i v i t y   o f   t r a c k e d   v e -  
h i c l e s   C o n s i s t   m a i n l y  of seismic exp lo ra t ion   and  some d r i l l  
moving   and   supply   opera t ions .   In   t rave l l ing   a round  the  
Mackenzie Delta a r e a  by a i r c r a f t ,  it was p o s s i b l e   t o   o b s e r v e  
t h e   g e n e r a l   e x t e n t  of  o f f - r o a d   t r a c k s .  Many were w i n t e r  
t r a i l s  n o t  u sed   du r ing  -the summer A minor i ty   appeared  
t o  be  sumner t r a i l s .  I t  was a l s o   o b s e r v e d   t h a t   w h i l e  seis-  
m i c  l i n e s  r a n  i n  s t r a i g h t  l i n e s  a c r o s s   c o u n t r y ,   s u p p l y  
l i n e s   t e n d e d   t o   f o l l o w   l e v e l  ground a s  much as p o s s i b l e ,  
and   avoided   c l imbing   over  h i l l s .  very  few  supply l i n e s  
obse rved  were summer t r a i l s ,  and a l l  w i n t e r  t r a i l s   t r a v -  
e l l e d   a c r o s s   t h e   n u m e r o u s  small  f rozen   laken   in   the   Tuktoy-  
a k t u k   p e n i n s u l a  a t  e v e r y   o p p o r t u n i t y .  

-, 

It i s  e s t i m a t e d   t h a t   i n  a normal summer e x p l o r a t i o n  o r  
s u p p l y   o p e r a t i o n ,   t h i r t y   t o   f o r t y   p a s s e s  of t r a c k e d   v e h i -  
cles ove r  a g i v e n   t r a c k  would  be  required.  

On t h e   b a s i s  of t h e   r e s u l t s   d e s c r i b e d   a b o v e ,  we have  been 
a b l e   t o   r e a c h   s e v e r a l   c o n c l u s i o n s   w h i c h  w i l l  have some 
b e a r i n g  on t h e   c o n t e n t  of  Phase Two of t h i s  program. 
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1. The   mu l t ipas s  t e s t  employed i n   P h a s e   @ n e   y i e l d s  t e r -  
r a i n   d i s t u r b a n c e   i n f o m a t i o n  which i s  use fu l   because  it 
can  be ' related t o  v e h i c l e   o p e r a t i o n a l   p r a c t i c e   a n d  i s  i n  
a d e s c r i p t i v e   a n d   r e p e a t a b l e   f o r m  

2.  Drawbar p u l l  tes ts  may y i e l d   u s e f u l   s u p p l e m e n t a r y   i n -  
fo rma t ion  i f  d a t a   a c q u i s i t i o n   m e t h o d s   c a n  be improved 
somewhat. 

3 .  It  w i l l  be   necessa ry  t o  employ a wider   range  of  ter-  
r a i n   a n d   v e h i c l e   t y p e s   i n  Phase Two i n   o r d e r   t o   a r r i v e  a t  
a c c u r a t e   c o n c l u s i o n s   c o n c e r n i n g   t e r r a i n   d i s t u r b a n c e   g e n e r -  
ated by a l l  t y p e s  of t r a c k e d   v e h i c l e   o p e r a t i o n s   i n  t h e  
Mackenzie Delta area.  

Several   recommendat ions are o f f e r e d   c o n c e r n i n g   p l a n n i n g  
fo r  Phase Two. 

1. F u r t h e r   v e h i c l e  t r i a l s  s i m i l a r  t o  t h o s e  described 
above should be c o n d u c t e d   i n   e a r l y   a u g u s t   a n d  l a t e  Sept-  
ember. 

4; 
1 

2 .  Phase Two t e s t  s i tes  s h o u l d   i n c l u d e  Tununuk  and o t h e r  
l o c a t i o n s  selected cn t h e  b a s i s  of p r o b a b l e   f u t u r e   o p e r -  
a t i o n s  an a i r  p h o t o   i n s p e c t i o n   s t u d y  of t e r r a i n   c o n -  
d i t i o n s .  Tests in   Tuktoyaktuk   and   Shingle   Poin t   would  
be h i g h l y  desirable 

3 .  Phase two t r i a l s  s h o u l d   i n c o r p o r a t e  a wider range  of 
v e h i c l e   t y p e s   a n d   s i z e s  as  well as  v a r i o u s   d e s i g n s  O f  

f l a t  . t r ack .  

4 .  Analys i s   o f  t h e  q u a n t i t a t i v e   r e s u l t s  of Phase One 
shou ld   be   i nc luded   i n  t he  d e t a i l e d   r e p o r t  for Phase Two. 

5 .  Phase Two t r i a l s  s h o u l d   i n c l u d e :  

a. M u l t i p a s s  t e s t s  w i t h  loaded vehicles and tes t  
s i t e  su rvey  as i n   P h a s e  One. 

b. M u i t i p a s s  t e s t s  w i t h  r u n   l e n g t h   d e c r e a s i n g   a s  
p a s s  number i n c r e a s e s .  
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c. M u l t i s p e c t r a l   a e r i a l   p h o t o g r a p h y   o f  tes t  l a n e s  
comple t ed   i n   Phase  Two. 

d. .Drawbar p u l l  t es t s  w i t h   p r e c i s e   c o r r e l a t i o n  of 
t e r r a i n   d i s t u r b a n c e   w i t h   v e h i c l e   s l i p .  

e. S t ream  c ross ings   fea ture   o f   Phase  Two tests.  

f .  Turning t e s t s  

g. M a r t i n   a n d   f l a t   t r a c k s .  

S u i t a b i l i t y  of t h e s e  t e s t s  f o r   a s s e s s i n g   t e r r a i n   d i s t u r -  
bance w i l l  be  reviewed by Muskeg R e s e a r c h   I n s t i t u t e   p r i o r  

3 t o  t h e  commencerent  of  Phase Two. 

We t r u s t  you will f i n d   t h i s   a c c o u n t   o f   P h a s e  One s a t i s f a c -  
t o r y   a n d  lock forward  t o  r e c e i v i n g   a n y  comments  concerning 
e i t h e r   P h a s e  One o r  Phase Two. 1 

S i n c e r e l y   y o u r s ,  

John R. Radfo r th ,  P. Eng.; 
Development  Engineer I 

I, 
1 I 

I 

I 

. 
JRR/gn 

. 
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APPENDIX II 

RADFORTH m u s k e g  COVER CLASSIFICATION SYSTEM 
" 

An i m p o r t a n t   f e a t u r e   o f  muskeg i s  t h a t  it i s  c h a r a c t e r i z e d  

by a f i n i t e  number of v e g e t a t i o n   s t r u c t u r a l   t y p e s .  These t y p e s  

c o n s i s t   o f   n i n e   b a s i c   c o v e r  classes, each   des igna ted   by   one  

of t h e   f i r s t   n i n e  le t ters  of t h e  a l p h a b e t ,   l i s t e d   i n   t a b l e  I 

in   combina t ions  cal led cover   formulae.  

cover  class 
a 

D e s c r i p t i o n  

A Trees over 1 5   f t .   h i g h  

B Trees up t o  15 f t .  h i g h  

C Non-woody, g r a s s - l i k e  2-5 f t .   h i g h  

D 

E 

F 

G 

H 

I 

Woody, t a l l  shrubs   o r   dwarf  trees 
2-5 f t .   h i g h  

Woody sh rubs  up t o  2 f t .   h i g h  

Sedges  and  grasses  up t o  2 f t .   h i g h  

Non-woody b r o a d - l e a f   p l a n t s  up t o  
2 f t .   h i g h  

L e a t h e r y   t o   c r i s p  mats o f   l i c h e n  up 
t o  4 i n .   h i g h  

S o f t  mats of moss  up t o  4 i n .   h i g h  

TABLE I - KUSKEG COVER CLASSES 



The cover c l a s s i f i c a t i o n   d o e s   n o t   d e p e n d  on t h e  naming 

of p l a n t   s p e c i e s ,   a n d   s i n c e   t h e s e  classes can be used t o  

describe  any  muskeg, t h e  sys tem  has   wor ldwide   appl ica t ion .  
I 

On any  g iven   muskeg   a rea ,   cer ta in   o f   these   cover  classes 

are found i n   c o m b i n a t i o n ,  and t h e  cover   formula   used   to   des-  

c r i b e   t h a t  muskeg area i s  d e r i v e d  by l i s t i n g   i n   d e s c e n d i n g  

order   o f   p rominence   the   cover  classes which can  be  odserved 

t o  be  growing  there .  T o  be inc luded   i n   t he   cove r   fo rmula ,  

any cover  class mus t   r ep resen t  a t  least  25% of t h e  t o t a l  c o v e r ,  

based on estimate f r o m   v i s u a l   o b s e r v a t i o n .   T h i s  estimate 

nay  seem t o  be a rather s u b j e c t i v e   t y p e  of e v a l u a t i o n ,   b u t  

i n   p r a c t i c e   t h e r e  i s  r a re ly   any   doub t  t h a t  a g iven   cover  

class represents more or less than 25% of the t o t a l   c o v e r .  

1 

As an  example  of t h e  a p p l i c a t i o n  of th is  c l a s s i f i c a t i o n  
I 

system, a muskeg a r e a   c o v e r e d  by t a l l  sp ruce  trees over  15 

f t .   h i g h ,  woody shrubs  from 2-5 f t .  high,  and woody hrubs up 

t o  2 f t .   h i g h  would be r e f e r r e d  t o  as ADE. A muskes   a rea  

covered by g ras ses   and   s edges  up t o  2 f t .   h i g h  and a , c a r p e t  

of moss would be c a l l e d  F I  and so on. 

I 

1 i 

I 

I t  might   appear  t h a t  a l l  t he   combina t ions  of t h e  n i n e  

cover classes i n   g r o u p s  of two o r   t h r e e  would  lead t o  an  unwieldy 

number o f   p o s s i b l e   c o v e r   f o r m u l a e .   I n   r e a l i t y  many p o s s i b l e  



combina t ions ,   such   as  GAD, and BGC, d o   n o t   o c c u r .  The most 

common inc lude :  ADE , ADF, ADI, A E H ,  A E I ,   A F I ,  BDE, BDF, BEF, 

BEH, B E I ,   B F I ,   C ,   C I ,   D E F ,  DFI,  D I ,  E F I ,  E H ,  E I ,  F I ,  F E I ,   F I E ,  

G ,  HE. 

The fact  t h a t  muskeg vege ta l   cove r   can  be c l a s s i f i e d  

depends  on  the  recurrence  of   cover   formulae on a worldwide 

scale and th i s  i n   t u r n   r e f l e c t s  t h e  o r d e r l i n e s s   a n d   p r e d i c t a -  

b i l i t y   o f   c o n d i t i o n s   s u c h  as pea t   dep th ,   wa te r   con ten t   and  

climate which p r e v a i l   i n   a r e a s  where muskeg occurs .  The 

s i g n i f i c a n c e   o f  t h i s  f a c t  i s  t h a t   r e s u l t s   o b t a i n e d   f r o m  tests 

on  one muskeg a r e a   o f  a g i v e n   c o v e r   t y p e   a r e   a p p l i c a b l e   t o  a l l  

o t h e r  muskeg a reas   w i th  the same cover   type.  



combina t ions   such  as GAD, and EGC, d o   n o t   o c c u r .  The most 

common i n c l u d e  ade AD?, A D I ,  AEH, AEI, A F I ,  BDE, BDF, B E F ,  

BEH, E E I ,  B F I ,  C, CI, DEF, DFI,  D I ,  E F I ,  DH,  EI, FI, E'EI,  F I E ,  

G, HE. 

The f a c t  t h a t  muskeg v e g e t a l   c o v e r  can he c l a s s i f i e d  

depends on t h e   r e c u r r e n c e  of cover   formulae on a worldwi de 

s c a l e  and t h i s   i n   t u r n  ref lects  t h e  o r d e r l i n e s s   a n d   p r e d i c t a -  

b i l i t y  of c o n d i t i o n s   s u c h   a s   p e a t   d e p t h ,  water c o n t e n t  and 

c l ima te   wh ich   p reva i l  i n  a r e a s  where muskeg occurs .  The 

s i g n i f i c a n c e  of t h i s  f a c t  i s  t h a t  r e s u l t s   o b t a i n e d   f r o m  tests 

on one muskeg a r e a   o f  a g iven   cover   type  are a p p l i c a b l e   t o  all 

o t h e r  muskeg areas with the  same cove y J -  L y r e .  -..- 

-. 

i 
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