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T h i s  report  provides preliminary assessment OF the hydrologic 

and r iver  conditions on the alteirnates t o  the proposed Alcan Pipeline 

route,  v iz .  , Klondike Highway, Dempster Highway and Tintina Trench. 

Assessment involved : 

1. Literature  and government agency search t o  determine 

previous relevant information of a hydrologic nature  

(Appendices B, C arid D). 

Map examination of t e r r a i n  charac te r i s t ics .  

Field reconnaissance of r i v e r s  along the a l t e rna te s  

during the period June 2 t o  June 6 (Appendix A ) .  

2 .  

3 .  

Major objectives have been: 

(a) t o  ident i fy  concerns 

(b) t o  ident i fy  def ic iencies  i n  information re la ted  t o  the 

concerns. 

summarized form i n  Table 1 and Figure 1. 

Results of these two a c t i v i t i e s  a r e  given i n  

I t  should be emphasized tha t  t he  data base f o r  t h i s  report  i s  

Whilst an attempt has been made t o  draw on a l l  current ly  minimal. 

avai lable  information, the current s t a tus  of hydrology is  inadequate, 

par t icu lar ly  along the  Dempster highway. However the investigation is  

more than simply a "desk study" since valuable input was received from 

Department of Public Wbrks s t a f f  in Whitehorse familiar with the Klondike 

and Dempster Highway routes and who have been involved with work i n  these 

areas;  s imilar ly ,  four members of Inland Waters Directorate s t a f f  liere 
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over the routes €or famil iar izat ion w i t h  the environment se t t i ng  and 

ident i f ica t ion  of concerns from a hydrologic standpoint. 

Environmental conditions a re  much more f r a g i l e  along the 

Dempster Highway i n  the  Tundra and Alpine sections than on the  

Klondike and Tintina routes.  

no extensive excavations i n  these (delicate areas during the con- 

s t ruc t ion  of the Dempster highway; instead gravel and f i l l  were 

brought i n  from r ive r  banks and floodplains t o  build up the road. 

Consequently, there  i s  no evidence of apparent f a i lu re s  through 

permafrost dis integrat ion.  However, environmental e f f ec t s  of 

In recognition of t h i s  there have been 

road construction a r e  not necessarily the same as those of pipel ine 

construction where extensive excavations may be required; d i r e c t  

extrapolations therefore may-not be val id .  

A good example of the a b i l i t y  of t e r r a in  t o  recover from 

construction a c t i v i t y  i s  the abandoned water pipeline in the mountains 

above Dawson City. 

and there  is  now an excellent grass cover and poplars along the  d i t ch ;  

permafrost i s  present a t  1 0  inches beneath a thick organic cover. 

(Appendices A 6 E) 

This pipel ine wais abandoned i n  the ear ly  1930's 
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APPENDIX A 

A Reconnaissance I n v e s t i g a t i o n  of  A l t e r n a t i v e  P i p e l i n e  Routes  a long  t h e  

( A )  

(8) 

( C )  

Klondike Highway (Whitehorse t o  Dawson and Alaska Border) 

Dernpster Highway (Hlondike River  t o  Richard Mts.) 
T i n t i n a  Trench / Robert  Campbell Highway (Stewart Cross ing  - 
Watson Lake ) ,  

I n v e s t i g a t i o n  Team: 

T. V a r z e l i o t i s  Water P lann ing  and Hanagement Branch, Vancouver 

R.J. White Water Planning  and Management Branch, Vancouver 

M.E. Alfo rd  Water Survey of  Canada, Whitehorse 

H. S c h r e i e r  Water Qua l i ty  Branch, Vancouver 

Mode of  Transpor t :  Jet  Ranger H e l i c o p t e r  w i t h  f r e q u e n t  landings .  

A. Hlondike Highway (Whitehorse - Dawson - Alaska Elorder, J u n e  3, 1977) 

Sec t ion :  

D i f f i c u l t  c r o s s i n g  s i n c e  Yukon R ive r  is dPep (min 20' 

Carnacks t o  Minto a long  Yukon River:  ............................................. 
max 28'1, h a s  a 

h igh  mean v e l o c i t y  (7.6' / sec.), and an a c t i v e  meander p a t t e r n .  
t h e  Yukon River  a long  eastern banks wihere s l o p e  s t a b i l i t y  is a problem. 
is most e v i d e n t  a t  Tatchun Creek c r o s s i n g  where e x t e n s i v e  slumping h a s  occurred  
on t h e  sou the rn  banks; g u l l i e s  are e v i d e n t  on t h e  no r the rn  s l o p e ,  
e x i s t e n c e  has  been repor ted .  

Road f o l l w s  
T h i s  

Perm-dfrost 

P e l l y  Crossing: Again a major  river c r o s s i n g  wi th  s u b s t a n t i a l  f low, -------------- 
Stewart R i v e r  S e c t i o n  from S tewar t  Cfoss ing  t o  Slough Creek Junct ion:  

Major r i v e r  c r o s s i n g  a t  S tewar t  Crossing,  

.................................................................... 
Road c o n t i n u e s  on t h e  n o r t h e r n  

Very a c t i v e  

Old banks are s t e e p  and up t o  20' h igh  be ing  

s i d e  o f  f l o o d p l a i n  and i n  p l a c e s  comes down t o  f l o o d p l a i n  l e v e l .  
and wide r i v e r  bed w i t h  f r e q u e n t  c h a r n e l  d i v e r s i o n s  and water logging  (meanders, 
meander scars, b r a i d i n g ,  etc.). 
a c t i v e l y  eroded a long  o u t e r  banks o f  meanders. 
banks are problem areas f o r  p i p e l i n e  cons t ruc t ion .  

Both t h e  n o r t h  and s o u t h  

S t e w a r t  R ive r  t o  Hlondike R ive r  Eiection: 

Glacial p l a i n  w i t h  numerous k e t t l e  lakes, 

---------------------------------.------ 

Evidence of d i scon t inuous  
permafros t  nea r  Clear Creek, 
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Fla t  Creek - Hlondike River  / Dawson C i t y :  

Road is b u i l t  on edge and only  s l i g h t l y  above c u r r e n t  channel  bed, 
washouts a s  a resu l t  o f  bank unde rcu t t ing  a t  F l a t  Creek / Hlondike J u n c t i o n  
are common and c l e a r l y  ev ident .  I n  a d d i t i o n  there is p l a c e r  a c t i v i t y  i n  
f i r s t  F l a t  Creek t r i b u t a r y  i n t r o d u c i n g  a d d i t i o n a l  sediment l o a d  t o  r i v e r  
system. 
r e l a t i v e l y  s t e e p  f o o t s l o p e  o f  d e b r i s  material a t  t h e  base,  
c r o s s  t h i s  f o o t s l o p e  i n  s e v e r a l  p l a c e s ,  
reworked p l a c e r  g r a v e l  from 1900 Klonldike mining a c t i v i t y ,  
of Yukon a t  Dawson is very  d i f f i c u l t  s i n c e  s t e e p  mountain s l o p e s  are p r e s e n t  
on both  s i d e s .  
v e l o c i t y  , 

--------------------________^___________ 

Road 

There are bedrock exposures  a long  t h e  s i d e s l o p e  w i t h  a small and 
Road has  t o  

R i v e r  c r o s s i n g  
Hlondike River  t hen  c r o s s e s  e x t e n s i v e  

The r i v e r  is deep (min 25' max 4 0 ' )  and has  a h igh  mean 

Sec t ion :  Yukon R ive r  a t  Dawson t o  Alaska Border: ................................................ 
Road follows h igh  r i d g e  between headwater o f  Swede Creek and Yukon 

t r i b u t a r i e s  and no major problems are a n t i c i p a t e d  f o r  p i p e l i n e  c o n s t r u c t i o n  
i n  t h i s  s e c t i o n .  Permafros t  e v i d e n t  a t  Dawson. 

6. Dempster Hiqhway (Hlondike R i v e r  t o  Richards  Mts. - NU T e r r i t o r i a l  bo rde r ,  
June  4 ,  1977) 

Major c r o s s i n g  o f  Hlondike R ive r  a t  North Hlondike Junct ion .  Ex tens ive  
and very  a c t i v e  f l o o d p l a i n  ( e x t e n s i v e  b ra id ing ) ,  
somewhat u n s t a b l e  banks (evidence of gul1ying)and  s t a y s  on h i g h e r  grounds, 
Along t h e  North Hlondike t h e  road  crosses a series o f  a l l u v i a l  f a n s  a l l  o f  
which are c u t  by mountain streams, 
en t r enched  and a l l  f a n s  have well e s t a b l i s h e d  v e g e t a t i o n  cover .  

Road a v o i d s  t h e  s t e e p  

The beds seem t o  be s table  and w e l l  

North Fork P a s s  (Mile 50) ---_-----_----- 
Alpine  tundra  under  permafros t  regime ( e x t e n s i v e  p a t t e r n e d  ground) e Very 

d e l i c a t e  environment as seen  by a few c u t s  which have become d ra inage  g u l l i e s  
(Mile 58). 
fill is used a lmost  e x c l u s i v e l y  t o  b u i l d  up t h e  road  bed. 
material o r i g i n a t e d  from r i v e r  banks and f loodp la ins .  

The road b u i l d e r s  have t aken  g r e a t  care t o  avo id  any c u t t i n g  and 
Gravel  and f i l l  

O q i l v i e  Mountains ---------_-----_- 
Narrow gap between s t e e p  sedimentary mountains ( s h a l e  and l imes tone) ,  

Mountains are cuvered w i t h  d e b r i s  from f r o s t  a c t i o n  and scree s l o p e s  a r e  
e v i d e n t  a t  f o o t  o f  s l o p e s ,  
u n s t a b l e  banks on East O g i l v i e  River ,  

S t r u c t u r a l  ou tc rops  v i s i b l e  i n  r i v e r  beds, Sone 
I 
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Blacks tone  a l t e r n a t i v e  around Sapper H i l l  ---------------------------------.-------- 
S o l d i e r  Creek h a s  poor d ra inage  and l i m i t e d  flow. Ex tens ive  a l l u v i a l  

p l a i n  forms upper  Blacks tone  River ,  
ev idence  o f  g u l l y i n g  and slumping, 
w i t h  bedrock exposures  on both s i d e s  of  f loodp la in .  
e x t e n s i v e  bra id ing .  

Sanks are s t e e p  and u n s t a b l e  w i t h  
Folded l imes tone  and s h a l e  mountains  

V e r y  a c t i v e  r i v e r  w i t h  

Eagle  P l a i n  (Mile 152-225) ----------- 
Continuous permafros t ,  Road fo l lows  h igh  ground of  summits and crests of 

g e n t l y  s l o p i n g  shale and sands tone  h i l l s .  
open f o r e s t  cover ,  
completed) 

Permafros t  a t  H - 1'. Area under  
Major r i v e r  c r o s s i n g  a t  Eagle  River  ( road  b r idge  a lmos t  

Foo t s lopes  o f  Richard Mountains (Mile 242) ............................... 
Sedimentary h i l l s  w i t h  e x t e n s i v e  scree and rock d e b r i s  i n  upper  s e c t i o n  

( f r o s t  s h a t t e r i n g ) .  
f ans ,  
mountains and are entrenched.  
form d i s t i n c t  seepage  l i n e s .  
Water f l o w s  i n  a c t i v e  layer n e a r  surface. 
p r o t e c t e d  s e c t i o n s  of ent renched  channe l s  (microc l imate)  
h a s  been r e l o c a t e d  s e v e r a l  times because of awareness of  delicate environment,  

Lower s l o p e s  a r e  made up of  a f o o t s l o p e  o f  c o a l e s c z n t  
Very f r a g i l e  t undra  w i t h  permafros t  a t  %I, Major streams d r a i n  

T r i b u t a r i e s  do n o t  have exposed channe l s  b u t  
Subsurface  d r a i n a g e  was observed on t h e  ground, 

Trees are only  p r e s e n t  i n  more 
Proposed road  

C, T i n t i n a  Trench : Stewart Cross inq  - Ross River  (June 5) 

Sau th  of Stewart Crossing: 

Ex tens ive  g l a c i a l  p l a i n  w i t h  numerous k e t t l e  lakes. 

......................... 
R i v e r s  en t renched  

Extens ive  b l a s t i n g  would be r e q u i r e d  and t h e r e  i s  no 
i n t o  l imes tone  w i t h  l a r g e  s i n k h o l e  (mile 180) on Crooked Creek t r i b u t a r y  w i t h  
subsu r face  drainage.  
road  connec t ing  t h e  s e c t i o n  between S tewar t  c r o s s i n g  and Faro,  

S e r i e s  o f  s t r u c t u r a l l y  a l i g n e d  sedimentary h i l l s ;  rugged,  e x t e n s i v e l y  

1300 years). 

f o r e s t e d  t e r r a i n .  
p a t t e r n s  clearly e v i d e n t ,  
Evidence o f  v o l c a n i c  a s h  s u r f a c e  coverage ( r e c e n t  d e p o s i t s  

Redrock exposed i n  upper s e c t i o n s  of h i l l s ,  Glacial f l o w  
I n  P e l l y  f l o o d p l a i n  e x t e n s i v e  kame d e p o s i t s ,  

P e l l y  River  t o  F a r o  (Mile 255 - 310) 

F loodp la in  is ent renched  wi th  s t e e p  u n s t a b l e  banks, 

---- -------------- 
Gul ly ing  and s lumping 

a t  Fishhook C r e e k ,  mile 275, 280, 284, 288, 
P e l l y  is d i f f i c u l t  because e a s t e r n  banks are uns t ab le ,  
be one- th i rd  t h e  way up mountain s lope .  

Proposed p i p e l i n e  c r o s s i n g  on 
Better l o c a t i o n  would 
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Faro  t o . R o s s  R ive r  ------------------ 
Route f o l l o w s  t r ansmiss ion  l i n e  and Robert  Campbell Highway wi th  no 

ev idence  o f  major problems. 

Glacial p l a i n  wi th  numerous k e t t l e  lakes and eshers and bedrock exposures,  
Loca t ion  of  road  is e x c e l l e n t  and s t a y s  i n  most p l a c e s  above f l o o d p l a i n ,  
Abundance o f  mixed g r a v e l  depos i t s .  
s t a b i l i t y  a t  F in l ayson  Lake out f low,  Wolverine Creek, Simpson Creek. 

Minor problem of d r a i n a g e  and bank 

Genera l  Remarks: 

Concerning Hlondike and Robert  Campbell Highway: 

J i m  Quong, Design. Eng. DPW Whitehorse,  expressed  t h e  view t h a t  t h e  
Hlondike Highway would be better s u i t e d  fo r  p i p e l i n e  c o n s t r u c t i o n  s i n c e  
Energy, Mines and Resources  have done a r easonab le  survey o f  t h e  area b e f o r e  
c o n s t r u c t i o n  ( t h i s  is n o t  t h e  case a long  t h e  Alcan route) .  He a l s o  s ta ted  
t h a t  few problems were encountered i n  t h e  c o n s t r u c t i o n  of  t h e  Hlondike and 
Rober t  Campbell Highway. 

_-----------------^-------------~.------------- 

Concerning Dempster Hiqhway: 

According t o  John Hudson (DempstEr Highway Cons t ruc t ,  Engin.) cont inuous  

----------------------L--- 

permafros t  e x i s t s  throughout  t h e  whole stretch of  t h e  Denpster  r o u t e ,  
Cons t ruc t ion  a long  Richard Mountains is about  t o  s ta r t ,  
g r a v e l  c o v e r s  f o o t  of mountains. 
s h o r t  and s p o r a d i c  climatic r e c o r d s  zre a v a i l a b l e .  
Porcupine  River  ( n e a r  Old Crow) was used a s  a b a s i s  f o r  e x t r a p o l a t i o n .  
Eagle  R i v e r  regime is one of h igh  s p r i n g  run-off wi th  a second peak i n  
Augus t -due  t o  thunder  showers. 

Thick r e d e p o s i t e d  
Flciw of  creeks are r e l a t i v e l y  h igh  bu t  on ly  

The 54-58 y e a r  f l o o d  a t  
The  

The envi ronmenta l  c o n d i t i o n s  are much more f r a g i l e  i n  t h e  tundra  and 
a l p i n e  s e c t i o n s  on t h e  Dempster t h a n  on t h e  o t h e r  h ighways , in  t h e  T e r r i t o r y .  
The people  i n  charge  o f  t h e  road c o n s t r u c t i o n  are aware o f  t h i s  fact  and 
have a d j u s t e d  t h e i r  c o n s t r u c t i o n  approach accord ingly ,  No e x t e n s i v e  c u t t i n g  
was observed i n  d e l i c a t e  areas, i n s t e a d  f i l l  was brought  i n  t o  b u i l d  up t h e  
road. 
road  c o n s t r u c t i o n  are n o t  n e c e s s a r i l y  t h e  same a s  those  r e s u l t i n g  from a 
p i p e l i n e  c o n s t r u c t i o n  and a direct e x t r a p o l a t i o n  should be avoided. 

It should  t h e r e f o r e  be noted  t h a t  t h e  environmental  effects o f  t h 2  
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P i p e  b u i l t  w i t h  i r o n  rods and wood was abandoned i n  t h e  e a r l y  1930's and 
t e r r a i n  h a s  r ecove red  extremely well. 
a n  e x c e l l e n t  g r a s s  cove r  and P o p l a r  trees l i n e  t h e  d i t c h .  
p r e s e n t  a t  10" benea th  a t h i c k  o r g a n i c  cover  and 5-6" of  c l ay .  
l a k e s  e x i s t  p robably  as a r e s u l t  o f  permafros t  d i s t u r b a n c e  d u r i n g  t h e  
c o n s t r u c t i o n  and i n  p l a c e s  t h e  d i t c h  (ahout  1-2' deep) h a s  became p a r t  o f  
t h e  d r a i n a g e  network. No evidence  o f  g u l l y i n g  and t r e n c h i n g  was observed 
even on s t e e p  s lopes .  

The d i t c h  and p i p e l i n e  remains  have 
Pe rmaf ros t  is . 

A few s m a l l  

June  7, 1977 
H. S c h r e i e r  
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APPENDIX C 
- 1 -  

P re l imina ry  Information Regarding 
Permafrost  i n  Areas o f  Proposed 

P i n e l i n e  Routes 

Th i s  appendix c o n t a i n s  in fo rma t ion  exce rp ted  from thio r e p o r t s ;  

i) R . J . E .  Brown, "Permafrost  I n v e s t i g a t i o n s  i n  B r i t i s h  
Columbia and Yukon T e r r i t o r y "  

- Technical  Paper No. 253 of  t h e  Div i s ion  o f  Bu i ld ing  
Research, Na t iona l  Research Council  o f  Canada, Ottawa, 
December 1967. 

ii) "Environmental Impact Study o f  t h e  Dempster Highway" 
- a r e p o r t  p repa red  f o r  Department o f  P u b l i c  Works of 

Canada by 

S h u l t z  I n t e r n a t i o n a l  Ltd. ,  
325 Howe S t r e e t ,  Vancouver, 
September 1972.  

A) The fo l lowing  in fo rma t ion  was t aken  from "Permafrost  I i i v e s t i g a t i o n s  
i n  B r i t i s h  Columbia and Yukon Ter r i to ry ! '  ( s e e  ( i )  above) .  The d a t a  
was c o l l e c t e d  du r ing  f i e l d  su rveys  i n  1964. 
f r o s t  a t  a p a r t i c u l a r  s i t e  does n o t  n e c e s s a r i l y  mean it does  n o t  
e x i s t  nearby i n  a d i f f e r e n t  t y p e  o f  t e r r a i n .  

The absence of perma- 

Note: The Legend f o r  t h e  s o i l  t y p e s  i s :  

G - g r a v e l  
Sa - sand 
S i  - s i l t  
C - c l a y  
X - s c a t t e r e d  s t o n e s  
0 - o r g a n i c  
(w) - s t a n d i n g  water o r  wet 

See t a b l e s  on t h e  fo l lowing  pages 
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Dcpth t o  f!xi stcricc -rh i C::ZSS 

Soi 1 Mi n c rn 1 o f  Dcp th  t o  O f  
Pli l c q c  Ty p c S o i l  I'crmafros t Pcraafrost Y r. r xi f-r o s t 

- -- 

ALASKA HIGHWAY 

627 
657.8 
681.8 
682.4 
731 
758.1 
762.4 
771.6 
774 
776.5 
785.1 
788.8 
794.8 
802.5 
803 .3  
807.3 
814 
819.1 
825.2 
828.8 
834 
844.1 
849 
849.8 
854 
863.6 
882 
886.5 
891.5 

1034 
1113 
1127.5 
1196 
1202 
1210 
1217 
1223 
1250 

3 f t  0 inch 
- 

No 
Y e s  
Yes 

No 
No 
No 
No 
No 
No 
No 
No 

Yes 
Yes 
Yes 
Yes 
Y e s  

No 
Y e s  
Y e s  
Y e s  

No 
Y e s  

No 
No 
NO 

Ye S 

Y e s  
No 
No 
No 

Y e s  
Y e s  

NO 
Y e s  
Y e s  
Y e s  
Y e s  

Sa. 

Si,Sa,X 
- 

- 
( t i )  

(w) 
' (w) 
Si,Sa,X 

G,Sa 

C,Si 
C,Si,X 
Si,Sa,X 
X 
Si, Sa 
C,Si,X 
Sa,Si,X 
Sa,Si,X 
Sa, Si 
Si 
Sa,X 
C,Si 

Si 

Sa, Si 
C,Si 

X 
G 

- 

- 

- 

- 

( t i )  

- 
- 

G 
Si,Sa,X 

- 
(w) 

- 
l f t  9 inch 

- 

- 
O f t  9 inch 

- 
2 '  2" 

- 
0 '  9" 
0 '  9" 
0 '  6" 
1 0" 

> 4 '  6" 
2 '  0" 
5 '  0" 
3' 0" 
1' 0" 
2 '  0" 
1' 10" 
1' 6" 
1' 0" 
0 '  2" 
2 '  0" 
0' 2" 

- - 
1' 6" 
1' 6" 
2 '  3" 
2 '  3" 
2'  4" 

2 '  0" 
1' 7" 
1' 10" 

1' 7" 

- 

- 

- 
> 3' 0" 

> 3 *  3" 
> O '  9" 

1' 0" 

> 2 '  8" 

) 1' 7" 
> 1 ' 7" 
75 '  8" 

) O '  8'' 
- 

I 
I 
I 
I 
I 
I 
I 
I 

- 
- 

1'  10" 
- 

7 

2 '  0" 
0 '  3" 
0' Sf '  

- 
2 '  0" 
2' 6" 
2 '  0" 
2 '  0" 

- 
20' 0" 

- 
- 

2 '  0" 
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Depth t o  Exi stcncc T h i  ckncss 
Soi 1 Mi n e  ra 1 of D e p t h  t o  0: 

N i  l c a g e  Type Soi 1 Ycrma f ros  t D e r n  ;if r o  s t Permafrost 
- 

VMITEHORSE - MAYO HIGl l~VAY (KLONDIKE)  

35.. 7 
47 

50-90 
92 

109 
114 
116 
158 
166 
197 

232.7 
251 
257 

213-43 

C,Si, 
Si,X 
G 7  

GY 
Si7Sa,X 
GYC 

- 
Sa, Si 

1' 0" 
1 0" 

- 
- 

0 '  9" 

- 
Sa, S i  

- 
0 '  6" 
5 '  0" 
0' 9" 
5 '  0" 

Y e s  
YE'S 

AI o 
Y e s  
Y e s  
Y e s  
Y e s  
Y e s  
Yes 
Y e s  

No 
Y e s  

No 
Y e s  

DAWSON H I  GHlrTAY 

9 3'  6" 

52.8 0,Si  1 ' 6" 
54 Sa,X - 

20..5 Si,Sa,X 0 '  3" 
Y e s  

No 
Yes 

No 

1' 9" 

3 '  6" 
- 

- 

DEMPSTER HIGHWAY 
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B) The fo l lowing  information was taken from Permafrost  I n v c s t i g a t i o n s  i n  
British Columbia and Yukon T c r r i t o r y "  (see ( i )  above).  The d a t a  
was ob ta ined  by Mr. R.J .1 : .  Brown from t e c h n i c a l  l i t e r a t u r c ,  q u c s t i o n n a i r e s  
and in t c rv i ews .  A l l  r e f e r e n c e s  a r c  l i s t e d  a t  t h c  end o f  t h i s  s e c t i o n .  

The l o c a t i o n s  and s o u r c e s  a r e  l i s t c d  i n  a l p h a b e t i c a l  o r d e r .  The r e l i a b i l i t y  
of t h e  o h s c r v a t i o n s  has  no t  been v e r i f i e d .  Thc absence of pe rmaf ros t  a t  a 
p a r t i c u l a r  s i t e  does n o t  n e c e s s a r i l y  mean i t  does no t  e x i s t  nearby i n  a 
d i f f e r e n t  t ype  of t e r r a i n .  

a) Alaska Highway From Nhitehorse s o u t h e a s t  t o  t h e  upper c r o s s i n g  o f  t h e  
L ia rd  River n e a r  Watson Lake, a d i s t a n c e  of 275 m i l e s ,  t h e  highway was bu 
b u i l t  ove r  permafrost  f o r  on ly  1!3 miles - 6 . 5  p e r c e n t .  Permafrost  was a l s o  
noted a t  a few i s o l a t e d  s p o t s  fu:rther sou th .  Between W i t e h o r s e  and 
Big D e l t a  A l a s k a ,  2 8  p e r c e n t  of t h e  road i s  b u i l t  ove r  pe rmaf ros t  (20)  
a t  t h e  time o f  c o n s t r u c t i o n  ( 2 3 ) .  

b )  A l s e k  R ive r  (Kathleen Canyon Dam S i t e )  60°45'N, 137°25'W 
Frozen ground (pe rmaf ros t )  encountered on n o r t h  f a c i n g  s i d e  of r i v e r  v a l l e y  
i n  t ill  and g l a c i a l a c u s t r i n e  s i l t  on lower r i v e r  t e r r a c e  and on s l o p e  beneath 
upper terrace.  Depth t o  f r o z e n  ground v a r i e d  from 1 0  t o  18 i n c h  b e n e a t h  moss 
and p e a t  on S e p t .  9 ,  1961. (11) 

c )  Dempster Highway 
in a few s t e e p  s o u t h  f a c i n g  g r a v e l  s l o p e s  at the south end. (16). 

Donj ek R ive r  61°39'N, 139°47115 
b r i d g e  c r o s s i n g .  (26) .  

Frances R ive r  ( i )  False Canyon S i t e :  60°43'N, 129°05tW. 
Frozen ground (probably pe rmaf ros t )  encountered i n  one t e s t  p i t  dug i n  sand 
t o  dep th  o f  8 f t  (11). 
( i i )  Lower Canyon D a m  S i t e :  60°26'N, 129'11'W. Frozen ground (p robab ly  
pe rmaf ros t )  encountered i n  f i l l .  (11) 

Permafrost was encountered a long  t h e  e n t i r e  l e n g t h  except 

d )  Permafrost  encountered a t  Alaska Highway 

e )  

f )  , Haines J u n c t i o n  Permafrost  encountered i n  moss covered f i n e - g r a i n e d  s o i l s  
a t  a dep th  o f  1 f t :  Ice l a y e r s  in .crease i n  t h i c k n e s s  wi th  dep th .  113). 
Permafrost  was encountered a t  a few s c a t t e r e d  l o c a t i o n s  i n  t l ik  e a r l y  i 9 5 0 ' s  
a t  t h e  Dominion Experimental  Farm, Mile 1019, Alaska Highway, 3 m i l e s  Nest 
o f  Haines J u n c t i o n .  
re-form. ( 9 ) .  

After c u l t i v a t i o n ,  t h e  permafrost  thawed and d i d  n o t  

g )  Klondike District Permafrost  encountered i n  g l a c i a l  d r i f t .  
I t  i s  t h i n n e r  on r i d g e  summits t h a n  i n  v a l l e y s  and more widespread on n o r t h  
f a c i n g  s l o p e s .  On a r i d g e  sou th  o f  Eldoraclo Creek t h e  bottom of t h e  perma- 
f r o s t  was encountered a t  a dep th  of 60 f t .  (31).  

h).  Klondike R ive r  Permafrost  i s  175 €t. t h i c k  on p l a t e a u  between Bonanza Creek 
and Klondike R ive r .  (31) .  

i) Kluane D i s t r i c t  Permafrost  encountered i n  g r a v e l  benches a long  Burwash 
Creek. ( 3 1 ) .  
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Kluane Lake  
moss-covercd s i l t ,  sand and g r a v c l .  (19) .  

Kluane R ive r  61°30'N, 139°10'1V. Frozen ground (probably pe rmaf ros t )  i s  
widespread. (11) .  

Liard River  ( i )  Lower Canyon S i t e .  60°01'N, 128°36'l'J. 
Frozen ground (probably permafrosh) encountgred a t  t h i s  l o c a t i o n .  
( i i )  Upper Liard Canyon S i t e .  60 0 2 ' N ,  128 36'1V. No f r o z e n  ground 
encountered.  

Mayo 63'35'N, 13S051 'W. 
6 f t .  i n  peat-covered f i n e - g r a i n e d  s o i l  i n  excava t ion  on bank o f  S t e w a r t  
River  n e a r  Mayo (13) .  
s i l t  bank o f  Stewart  River i n  s o u t h e a s t  s e c t i o n  o f  Mayo. 

Continuous permafrost  encountered a t  depth o f  18 inches  i n  

Permafrost  c o n t a i n i n g  ice  encountered a t  d e p t h  o f  

Layers o f  pe rmaf ros t  encountered i n  well d r i l l i n g  i n  
(11). 

!'elly R ive r  Frozen s o i l  (probably pe rmaf ros t )  observed a t  s e v e r a l  l o c a t i o n s  
along t h e  n o r t h  f a c i n g  bank o f  t h e  r i v e r  a t  dep th  of 1 f t .  6 i n c h  and extend-  
i n g  t o  water l e v e l .  ( 2 2 ) .  

Ross River - Carmacks Road Permafrost  is d i scon t inuous  a l o n g  t h i s  (proposed 
1964) road l o c a t i o n .  I t  occur s  on most n o r t h  f a c i n g  s l o p e s  and i n  d e p r e s s i o n s  
wi th  t h i c k  moss cove r .  
mine ra l  s o i l s  w i th  l i t t l e  o r  no moss cove r .  (28) .  

Permafrost  i s  no t  found i n  s o u t h  f a c i n g  s l o p e s  or  

Stewart  Crossing - Dawson - Alaska Boundary 
(i) Mile 5.6 - Permafrost  i s l a n ' d s  i n  bo th  banks of  c r e e k  t o  dep ths  

exceeding 10 f t .  (16 ) .  

c r o s s i n g .  (16) .  
( i i )  Mile 7 .0  - Permafrost  encowntered i n  muck a t  Dry Creek b r i d g e  

(iii) Mile 52 - Permafrost  encountered i n  bo th  banks o f  c r e e k  - (16) .  

East o f  Dawson pe rmaf ros t  i s  widespread i n  Klondike R ive r  v a l l e y  f l a t s  i n  
muck d e p o s i t s .  The most d i f f i c u l t  s e c t i o n  o f  road t o  m a i n t a i n  l i e s  between 
Dawson and t h e  Dempster Highway j u n c t i o n  where me l t ing  o f  ground ice  c a u s e s  
d i p s  i n  t h e  r o a d .  
sp read  i n  s o u t h  f a c i n g  s l o p e s  b u t  riot as e x t e n s i v e  o r  t h i c k .  

Permafrost  O C C U I : ~  i n  a l l  n o r t h  f a c i n g  s l o p e s  and is  wide- 
(16).  

Takhini  River  Frozen ground (probably p e r m a f r o s t )  encountered a t  d e p t h  of 
25 f t .  i n  b r i d g e  p i e r  c o n s t r u c t i o n  (60°51'N, 13So30'W). ( 6 ) .  Some p i t t e d  
areas,  p a r t i c u l a r l y  s o u t h  o f  Takh in i  River  o p p o s i t e  moutg of L i t t l e  R i v e r  
may be marked by thaw l a k e s  and d e p r e s s i o n s  (60°53'N,135 43 '15) .  
p i t t e d  areas may r e p r e s e n t  thaw d e p r e s s i o n s  r a t h e r  t h a n  k e t t l e s .  

Shallow 
(44) .  

Watson Lake - Ross River  Highway 
30-mile s t r e t c h  o f  highway southwes,t o f  Ross R ive r .  Along t h e  nex t  20-mile 
s t r e t c h  o f  highway, pe rmaf ros t  was encountered a t  Nile 34 (west approach o f  
Frances R ive r  c r o s s i n g ) .  Mile 50-55, Mile 67, and Mile 106. (16).  

Fa t ches  o f  pe rmaf ros t  encountered a l o n g  

White R ive r  
( i )  Lower Canyon D a m  S i t e  (61 55'N,140 5O'lV) Frozen ground (probably perma- 
f r o s t )  r e p o r t e d  t o  be widespread. ( 1 1 ) .  

Permafrost  r e p o r t e d  t o  be g0 f t .  t h i c k  (31). 
0 
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U) Whitehorse - blayo Highway 
fi) P e l l v  R i v e r .  No permafrost  encountered.  . *  

( i i )  Mile- 205, pe rmaf ros t  cncountered i n  both s l o p e s  o f  Crooked c r e e k .  
( i i i )  Mayo t o  Elsa, pe rmaf ros t  i s  widespread. 

Glacier Hi11 a few m i l e s  n o r t h  o f  Mayo. 
Elsa t o  Keno, permafrost  occu r s  on a l l  n o r t h  f a c i n g  s l o p e s .  

I t  was encountered a t  

( i v )  (16) .  

L i s t  of  r e f e r e n c e s  as r e f e r r e d  t o  above: 

(9) Canada - Experimental  Farm S e r v i c e ,  Department o f  A g r i c u l t u r e ,  Haines 
J u n c t i o n ,  Y.T. 

(11) Canada - G.S.C., E . M . R . ,  Ottawa, O n t a r i o .  

(13) Canada - Royal Canadian Mounted P o l i c e .  

(16) Canada - Yukon T e r r i t o r i a l  Government, Whitehorse,  Y,T. 

(19) C l a r k ,  A . R . ,  Toronto,  On ta r io .  

(20) Conwest Exp lo ra t ion  Company Ltd. , Toronto,  On ta r io .  

(22) Dawson, G . M .  Geological  Survey o f  Canada Annual Report 1887-1888, 
Vol. 111, P a r t  1. 

(23) Denny, C.S. Late Quaternary Geology and F r o s t  Plibnomena Along A l a s k a  
Highway, Northern B r i t i s h  Columbia and Sou theas t e rn  Yukon. B u l l .  Geol. 
SOC.  Am., Vol. 63. S e p t .  1952, pp.8S3-922. 

(26) Hardy, R . M . ,  Dean of Engineer ing,  U n i v e r s i t y  of  A l b e r t a ,  Edmonton, A l b e r t a .  

(28) Hunting Survey Cor]?. Toronto-Montreal 

(31) Johnston,  1V.A. Frozen Ground i n  t h e  G l a c i a t e d  Par ts  o f  Northern Canada. 
Roy. SOC. Can. T rans .  Sect .3:24,  Dlec. 4, 1930. 

(44) Wheeler, J . O .  \Vhitehorse Map Area, Y.T. Geological  Survey of  Canada 
Memoir 312, 1961. 
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C) The fo l lowing  s e c t i o n  i s  an e x c e r p t  from t h e  r e p o r t  "Environmental 
Impact Study o f  t h e  Dempster Highway", by Shu l t z  I n t e r n a t i o n a l  Ltd.  
( s ee  ( i i )  above) .  Th i s  i s  a b r i e f  d i s c u s s i o n  of  pe rmaf ros t  c o n d i t i o n s  
a long  t h e  Dcmpster Highway r o u t e .  

"Permafrost  i s  gcnc ra l  t o  a l l  s e c t i o n s  o f  t h e  Highway and f o r  
p r a c t i c a l  purposes  t h e  e n t i r e  l e n g t h  o f  t h e  Highway from Dawson 
t o  A r c t i c  Red River  may be considered t o  be an  a r e a  o f  con t inuous  
pe rmaf ros t ,  wi th  t h e  excep t ion  of streambed areas o f  r i v e r s ,  
streams, l a k e s  and ponds. The area of cont inuous pe rmaf ros t  i s  
normally accep ted  t o  begin a t  about  t h e  l o c a t i o n  o f  F o r t  :.icPherson, 
b u t  s i n c e  much o f  t h e  I-Iighw2.y i s  l o c a t e d  i n  h igh  mountains o r  
h igh  p l a t e a u  a r e a s ,  it i s  safe t o  assume permafrost  t o  be almost  
u n i v e r s a l l y  p r e s e n t .  

The t h i c k n e s s  of  permafrost  a long  t h e  Highway al ignment  i s  n o t  
known and can o n l y  be i n f e r r e d  from c o n d i t i o n s  g e n e r a l  t o  t h e  
A r c t i c .  I t  i s  normally about  200 f e e t  t h i c k  a t  t h e  boundary o f  
t h e  cont inuous permafrost  zone and may range from v a l u e s  i n  t h i s  
o r d e r  t o  a few i n c h e s  a t  t h e  sou the rn  l i m i t s  o f  t h e  d i s c o n t i n u o u s  
pe rmaf ros t .  

Permafrost  i s  d e f i n e d  as p e r e n n i a l l y  f r o z e n  ground and i n c l u d e s  
a l l  t h e  c r u s t a l  d e p o s i t s  known i n  mi lde r  climates:  rock, g r a v e l  
sand,  s i l t ,  c l a y ,  p e a t ,  e t c .  The pe rmaf ros t  which g i v e s  r i se  t o  
most o f  t h e  d i f f i c u l t i e s  i n  c o n s t r u c t i o n  a c t i v i t i e s  i s  t h a t  
c o n t a i n i n g  an unusua l ly  h igh  pe rcen tage  o f  water. 
w i th  ice  i s  minimal; t h e  problems a r i se  from thawing, t h e  e x c e s s  
o f  water a v a i l a b l e  d u r i n g  thawing, l o s s  o f  s t r e n g t h ,  and s e t t l e m e n t  
r e s u l t i n g  from removal o f  water. The water o r  i c e  c o n t e n t  will 
u s u a l l y  be h igh  i n  p e a t y  o r  o r g a n i c  s o i l s  and f r e q u e n t l y  i n  s i l t  
or  f i n e  sands where i ce  l e n s e s  have an o p p o r t u n i t y  t o  form. (In 
c l a y s  and v e r y  f i n e - g r a i n e d  s o i l s ,  water movement i s  t o o  slow t o  
favour  i ce  l e n s  growth; i n  sands and g r a v e l s  and ve ry  c o a r s e -  
g ra ined  s o i l s ,  t h e  c a p i l l a r y  water movement n e c e s s a r y  f o r  ice  
growth does n o t  o c c u r . )  

D i f f i c u l t y  

To i l l u s t r a t e  t h e  r ange  o f  water c o n t e n t s  p o s s i b l e  w i t h  f r o z e n  
s o i l s ,  t h e  r e s u l t s  o f  tests from pe rmaf ros t  samples t a k e n  a t  
s e v e r a l  l o c a t i o n s  on t h e  Highway are  inc luded  i n  Table  2 .  

I 
I 
1 
I 
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PERiMAFROST SAMPLES FROM DEMPSTER HIGHWAY 

Water+ 
Location Sample D e s c r i p t i o n  Content  % 

~~ 

Mile 80 - West o f  Road Near 
A i r  s t r i p  

Mile 119 - Winter Road 

Mile 142 - Sur face  Mat 

Mile 1 4 2  - Ditch Bottom 

Mile 233 - Surface M a t  

Mile 233 - S i l t  (F ros t  Bo i l )  

Mile 246 - Creek Bottom 

Brown Fibrous Peat 688OX 

Dark Brown Fibrous 220 
Pea t  With Some 
Amorphous Pea t  

Brown Fibrous Peat 1378 
With Trace of 
Lichen 

Black-Brown Fibrous 183* 
Pea t  w i th  Some 
Ainorphous Peat 

B:rown F ib rous  Peat 90s 
With Trace of  
Lichen 

GI: e y - Brown Flo t t 1 e d 
S i l t  With Some Clay 
arid Trace o f  Peat 

36 

G r e y  S i 1  t With Trace 
of  Peat 

SO* 

+ Water Content + Weight o f  water as pe rcen tage  of 
t h e  weight of  s o l i d  

* Value Low: inde te rmina te  amount o f  water l o s t  
b e f o r e  t e s t i n g  

1 
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Many permafrost  f e a t u r e s  were e v i d e n t  a long  t h e  Highway r o u t e :  

(a) S o l i f l u c t i o n  s t r i p e s , ,  l o b e s ,  and scars where s o i l  i s  moving 
s lowly downslope under t h e  combined f o r c e s  o f  f r o s t  a c t i o n ,  
g r a v i t y  and f l u i d  flow. 
on s l o p i n g  ground.) 

(Noted i n  most Highway s e c t i o n s  

F r o s t  b o i l s  caused by i n t e n s e  f r o s t  a c t i o n  i n  t h e  a c t i v e  
l a y e r  which b r i n g s  f i n e - g r a i n e d  s o i l  t o  t h e  s u r f a c e  i n  
concen t r a t ed  c i r c u l a r .  d e p o s i t s .  (Noted n e a r  Eagle R ive r )  

P a t t e r n e d  ground: 
about  25 fee t  i n  d i ame te r .  (Noted p a r t i c u l a r l y  on 
Blackstone Prair ie  and western s l o p e  o f  Richardson 
Mountains. ) 

r a . i s ed -cen t r e  f r o s t  polygons normally 

Palsa bogs: r a i s e d  p e a t  bogs. (Noted i n  T i n t i n a  Trench.)  

Massive ground ice  formed i n  l a y e r s  up t o  s e v e r a l  fee t  i n  
t h i c k n e s s ,  u s u a l l y  formed as ice  l e n s  i n  f i n e - g r a i n e d  
material. (Noted i n  O g i l v i e  Va l l ey . )  

Ice wedges formed i n  i r r e g u l a r  shapes and randomly 
o r i e n t e d  which may be t e n s  t o  hundreds o f  fee t  i n  v e r t i c a l  
o r  h o r i z o n t a l  e x t e n t .  (Noted i n  O g i l v i e  Va l l ey . )  

Thermokarst i s  t h e  term used t o  d e s c r i b e  t h e  uneven l a n d  
subsidence caused by inel t ing o f  pe rmaf ros t ,  which l e a v e s  
s t e e p - s i d e d  d e p r e s s i o n s  similar t o  s i n k  h o l e  formation 
i n  l imes tone .  (Noted on most Highway s e c t i o n s . )  

Beaded streams are a j resul t  o f  j o i n i n g  a number o f  thermo, 
k a r s t  d e p r e s s i o n s  as p o o l s  a long  t h e  cour se  o f  a stream. 
(Noted on t h e  Eagle P l a i n . )  

In  g e n e r a l ,  t h e  i c e - r i c h  permafrost  i s  p r o t e c t e d  by a s u r f a c e  
mat o f  i n s u l a t i n g  moss o r  t u r f .  
s easona l  f r e e z i n g  and thawing are r e s t r i c t e d  t o  a sha l low s u r f a c e  
zone f r e q u e n t l y  about 2 f ee t  t h i c k .  
l a y e r  be damaged o r  removed, thawing c o n t i n u e s  i n  summer t o  a 
g r e a t e r  dep th  and thermokarst  d e p r e s s i o n s  may r e s u l t .  
d e p r e s s i o n s  t e n d  t o  pond water and thawing and s e t t l e m e n t  i n c r e a s e .  
However, t h e  amount o f  s e t t l e m e n t  will always be dependent on t h e  
n a t u r e  o f  t h e  f r o z e n  s o i l  a.nd i t s  i n i t i a l  i ce  o r  water c o n t e n t ;  
t h e  thawing o f  f r o z e n  g r a v e l  will have l i t t l e  e f f ec t ,  t h e  thawing 
o f  massive ground ice  w i l l  l e a d  t o  s p e c t a c u l a r  s e t t l e m e n t . "  

If t h i s  i s  n o t  d i s t u r b e d ,  

Should t h e  s u r f a c e  i n s u l a t i n g  

These 
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SOURCES OF RELATED INFORMATION 

1. 

2.  

3.  

4. 

5 .  

6. 

A. Dempster Highway Pipeline Route 

Shul t z  Interiiat ional Ltd . 
"Environmental Impact Study of the Dempster Highway" 

A report  prepared for  the Department of Public Works t o  assess 
the ecological and environmental impact of the Dempster 
Highway. 

Theberge , J. 13. 

"Yukon' s Dempster Highway and Environmental Impact'' 

A paper t ha t  r a i se s  several points regarding the  Government's 
lack of concern and care i n  providing adequate background 
environmental studies pr ior  t o  construction of the Dempster 
Highway. 

H i l l ,  R.M. 

"Demp s t er Highway" 

Describes the Dempster Highway and some of i t s  poss ib i l i t i e s  
fo r  fu ture  development. 

Quong, J .Y .C .  

"Highway Construction and Perniafrost with Special Reference 
t o  Active Layer" 

Reviews road construction techniques i n  permafrost t e r r a in  with 
par t icu lar  reference t o  the Dempster Highway. 

Jackman, A.H. 

"The Impact of New Highways upon Wilderness Areas" 

Suggests that: highways can be constructed so tha t  changes they 
cause i n  wilderness areas a re  acceptable. 
of the Alaska and Dempster Highways. 

Donaldson, I .  (Parks Canada) 

"Klondike River and North Kloridike River Report - hJild Rivers 
Survey - 1973., Yukon Territory" 

See description under Klondikc Highway route. 

Sketches the his tory 
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7. Banfield, A.W.F. 

"Northern Ecology, Pipelines :, Highways" 

Discusses the  e f f ec t s  of northern highways and pipelines on 
the wi ld l i fe  populations of the  area. 

8. Harding, L. 

'What Are We Doing i n  the No:rthern Yukon" 

The e f f ec t  of technological development i n  the northern Yukon 
upon the  ecosystems of the a:rea is  outlined. 

9. Lil ley,  J.W. 

"Aquatic Resources Data Sununary for  IVillowlake River, River 
Between Two Mountains, Hare,Indian Travail lant and fiengleng 
Rivers, N. W .T . " 
Preliminary investigations and sampling was concentrated i n  
the v i c in i ty  of exis t ing o r  proposed crossings of the hlackenzie 
and Dempster Highways. 

10 .  Higgs, R.W. (Canada D.P.W.) 

"Tundra Highways" 

This paper deals with the d i f f i c u l t i e s  experienced i n  constructing 
highways i n  regions of continuous permafrost, with d i r ec t  reference 
t o  the Dempster Highway. 

11. Pufahl, D.E.,  blorgenstern, 1N.R. and Roggensack W.D. (University 
of Alberta) 

"Observations on Recent Highway Cuts i n  Permafrost" 

Discusses the physiography and geology of the Dempster Highway 
route,  including permafrost aspects,  and out l ines  the problems 
encountered i n  highway construction. 
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B. Klondike Highway Pipeline Route 

1. Donaldson, I .  (Parks Canada.) 

"Klondike River and North Klondike River Report - Wild Rivers 
Survey - 1971, Yukon Ter'ritory'' 

Weather conditions, t r e e  growth, and wi ld l i fe  species of t he  area 
are described and the geography of t he  two r ive r s  is  discussed. 

C .  Tintina Trench PiDeline Route 

1. Templeman - Kluit ,  D . J .  

"Geology and Origin of the Faro, Vangorda and Swim Concordant 
Zinc - Lead Deposits, Central Yukon Territory." 

Discusses the s t ruc tura l  geology of a 600 sq. mile area t o  the 
north of  Ross River. 
types and erosion problems. 

This could be useful i n  assessing s o i l  

A 
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D. Hydrology Related t o  A l l  Routes 

1. 

2. 

3.  

4.  

5. 

6 .  

Department of Indian and Northern Affairs  

"Small itream Investigations i n  the Yukon Territory" 

This i s  a s e r i e s  of reports  prepared by the Department of 
Indian and Northern Affairs  and by various consulting firms, 
giving stream charac te r i s t ics  , miscellaneous streamflow 
measurements and estimated flood frequency data f o r  various 
small basins ( less  than 200 square miles) throughout the  
Yukon. 

United States  Department of the In te r ior ,  Geological Survey 

"Small-Stream F l o d  Investigations i n  Alaska'' 

Miscellaneous discharge measurements and stream charac te r i s t ics  
f o r  various small basins throughout Alaska. 
may cor re la te  w e l l  with Yukcrn streams. 

Inland Waters Directorate, Pacific and Yukon Region 

"Magnitude of Floods, Yukon Territory" 

Contains flood-frequency analyses for  a l l  W.S.C. discharge 
gauging s ta t ions  i n  the Yukon. 

Inland Waters Directorate, Pacific and Yukon Region 

"Low Flows , Yukon Territory" 

Provides frequency analyses of the annual 7-day average low flows 
f o r  W.S.C. discharge gauging s ta t ions  i n  the Yukon. 

Unies Ltd., March 1975 

"A study of Hydrologic Phenomenon i n  Yukon 'Territory'' 

A report  prepared fo r  Controller of Water Rights, Y.T., DIAND. 

Unies Ltd.:, November 1976 

"Report on River Bed Scour, Nhite and Donjek Rivers, Yukon 
Territory' '  

A report  prepared fo r  Foothi l ls  Pipeline Ltd. 

Some of these streams 
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Shawinigan Engineering, October 1976 

"Regional Analysis of Maxirn~un Flows for  Streams Crossed By 
Proposed Arctic Gas Pipeline F'roj ec t .  I t  

Report prepared fo r  Northern Fag. Service Co. Ltd. (Engineering 
Ann of Arct:ic Gas Pipeline Co.) 

Alaska Power Administration, 1969 

"Bibliography G Historic Notes 1946 - 1968 Upper Yukon River 
Study, Cana.da and United Sta.tes, U.S. Department of Interior" 

Derrick, Childers Kuentzel, 1964 

"Magnitude and Frequency Floods i n  Alaska South of Yukon River" 
USGS Circular #493. 

A regional dimensionless frequency curve is presented. 
may be very similar t o  the flood frequencies of the western 
Yukon. 

This 

Childers, 197 0 

"Flood Frequency i n  Alaska" 
USGS open f i l e  report .  
Obtainable from Anchorage, Alaska, USGS. 

Unies Ltd. ,  1974 

"Yukon Hydro logy" 

A preliminary study prepared fo r  the  Department of Indian and 
Northern Affairs  . 
Inland Waters Directorate, Water Resources Branch. 

"Hydrologic Aspects of Northern Pipeline Development" 

Kite, G . ,  June 1974 

"Case Study of Regional Analysis Technique fo r  Design Flood 
E s t  ima t ion'' 
Canadian Journal of Earth Sciences 
Vol. 11, # 6 ,  pp 801-808, JLUE 1974 

The "square-grid technique" has been used t o  estimate design floods 
fo r  highway crossings of small streams. 
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.14. F.F. Slaney Co. Ltd. and Bayrock Surf ic ia l  Geology Ltd. 

"Environmental Considerations, Proposed Alberta Natural Gas 
Pipeline System Expansion'' 

,An environmental impact study f o r  a gas pipeline i n  the East 
Kootenay region of B.C. 
tox ic i ty  of natural  gas t o  plants  and animals, impacts on 
watersheds, aquatic systems and f i s h ,  including erosion poten t ia l ,  
hydrology and pol lut ion hazards. 

Discusses, among other things, t he  non- 

15. McTaggart - Cowan, I. 

"Environmental Impact Assessment, A Methodology fo r  Prediction 
of Environmental Effects" 

A methodology fo r  predicting environmental e f f ec t s  of the  proposed 
Mackenzi-e Valley Pipeline is  discussed i n  t h i s  paper. 
roads and hydrology are summarized. 

Winter 

16.  Britton, M. (Arctic Ins t i t u t e  of North America) 

"Environmental Impact Assesment, A Methodology for  Assessing the 
Impact of the Proposed Mackenzie Valley Pipeline, A Board Self 
Appraisal .!? 

Outlines the  success, progress and f a i lu re s  of the Enviornmental 
Protection Board. 

17. Mackay, D.K. (Environment Canada) 

"Summary Technical Report on Hydrologic Aspects of Northern 
Pipeline Development" 

Discusses the potent ia l  hydrologic e f f ec t s  of a pipeline along the  
Mackenzie River. 
watershed charac te r i s t ics  and hydroclimatic aspects. 

Catagories covered a r e  r ive r s ,  r i ve r  banks, 

18. Wilson, E.D. 

"Transportation of Crude O i l  i n  an Arctic Environment" 

Environmental and sociological impact evaluation including r ive r  
hydrology and permafrost a:.ipects. 
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19.. 

"Computer Simulation Study of the Groundwater and Thermal 
Regimes i n  an Arctic (Permafrost) Streambed Environment" 

Concerns specif ical ly  the implications of operation of a 
ch i l led  pipeline buried within the unfrozen zone beneath the 
bed of an a r c t i c  r iver .  
opment of a f r o s t  bulb around the pipeline and the e f fec t  of t h i s  
f r o s t  bulb on the surface o r  groundwater flow regime. 

Of par t icular  i n t e re s t  is  the devel- 

3 40 .  Howard, C.D. (Unies Ltd.) 

"Environmental Impact Assessment of the  IvIackenzie Gas Pipeline 
from Alaska t o  Alberta, Chapter 7 - Water" 

A hydrological analysis of climatological, topographical and 
geological data was used t o  estimate flood frequencies and 
suspended sediment concentrations before and a f t e r  construction, 
and t o  c l a s s i fy  a l l  streams according t o  t h e i r  hydrologic 
behaviour. 

Glaciology Div. , Water Resources Sranch ~ &--virom-e.lt Canada 21. 

"Hydrologic Aspects of Northern Pipeline Development". 

This report  contains a col lect ion of research papers on the  
hydrology of areas  tha t  may be affected by the  constructjon of 
an o i l  pipeline along the Mackenzie River, including papers t ha t  
deal with wzter balance, streamflow, r ive r  bank s t a b i l i t y ,  flooding 
ice jams, precipi ta t ion,  dendrochronology, f r o s t  heaving, geomorph- 
ology, and sediment transport .  

22. Bryan, J. E. (Environment Canada) 

"Influence of Pipeline Development on Freshwater Fishery Resources 
of Northern Yukon Territory.  
1971 and 1972" 

Aspects of Research Conducted i n  

The purpose of t h i s  study is  t o  evaluate e f f ec t s  of pipeline 
development on aquatic resourc:es i n  northern Yukon Terr i tory 
i n  order t o  protect the capaci.ty fo r  f i s h  production. 
information indicates that more f i s h  spawning and rearing areas 
would be affected by a pipeline i n  the.Porcupine River drainage 
than i n  the Beaufort Sea drain.age. 

Present 
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23. Nei l l ,  C.R. (Research Council of Alberta) 

"Technical Report on Aerial P.econnaissance and Study Recornen- 
dations f o r  Rivers i n  the blackenzie Basin, N.!'J.T." 

Guidelines f o r  t h i s  study were t o  look a t  a number of r ive r s ,  
including potent ia l  crossing si tes,  and ident i fy  major areas  
of potent ia l  trouble,  and t o  recommend the most s ign i f icant  
s tudies  that  should be undertaken on the physical charac te r i s t ics  
of the major streams i n  the Blackenzie Basin. 

24. Mackay, D.K.  and Mackay, J . R .  (Glaciology Division, Environment Canada) 

"Locations of Spring Ice Jamming on the Mackenzie River, IIJ.lV.T." 

Histor ical  observations of ic:e jamming are  detai led f o r  the IJackenzie 
River. Fiajor ice jam sites are  noted and some conclusions are 
drawn as  t o  the influence of the Liard River, the s ignif icance 
of r ive r  sta.ge a t  spring break-up and the relevance of ice jam 
data  t o  the location of pipeline and highway crossings. 

25. Riddle, J .A .  (Glaciology Division, Environment Canada) 

"Susceptibil i ty t o  Frost Heaving of Soi ls  a t  Selected S i t e s  Along 
the Liard River Valley Deteimined by Pore Pressure Measurements" 

The suscept ib i l i ty  t o  f r o s t  heave o r  ice lensing of d i f f e ren t  
s o i l  types is an important engineering fac tor  t ha t  m u s t  be dea l t  
with quant i ta t ively f o r  proper pipeline location i n  the north.  
This paper i l l u s t r a t e s  the usefulness of quant i ta t ive f r o s t  
suscept ib i l i ty  criteria, using s o i l s  gathered along the Liard 
River Valley. 
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FGCONNAISSANCE OF PROPOSED PIPELINE ROUTES IN YUKOX 

JUNE 2 - 6 ,  1977 -- 

i )  The purpose of t h e  t r i p  w a s  t o  o b t a i n  an unde r s t and ing  of t h e  area 

and t o  i d e n t i f y  areas of concern from " ' the c e n t r e  viewpoint" 

so  as t o  determine t h e  areas moat i n  need of f u r t h e r  s t u d y .  

ii) The t r i p  was aquick one,  conducted by h e l i c o p t e r  w i th  n o t  much 

t i m e  a v a i l a b l e  f o r  l a n d i n g  and ground obse rva t ion .  

The r o u t e  of t h e  p i p e l i n e  i s  not: as y e t  d e f i n e d ,  excep t  i n  iii) 

very  g e n e r a l  terms. I n  most of t h e  r o u t e s  surveyed,  t h e  l o c a t i o n  

of a p i p e l i n e  i s  f a r  from be ing  obvious and would r e q u i r e  

e x t e n s i v e  e n g i n e e r i n g  work t o  be: determined. The exact l o c a t i o n  

of t h e  line would s e r i o u s l y  i n f l u e n c e  i t s  e f f e c t s  upon t h e  

water r e s o u r c e s  a l o n g  i t .  

iv)  Of much concern are reaches  of t h e  r o u t e  where t h e r e  i s  n o t  

much o f  an obvious c o r r i d o r  between t h e  f l o o d p l a i n s  of meandering 

streams and r a t h e r  s t e e p  h i l l s i d e s ,  as, f o r  example,  abou t  m i l e s  

120-130 of t h e  Dempster Highway ( n o r t h  of Dawson C i t y ) ,  a l o n g  

the Klondike River ,and a long  t h e  Yukon River  s o u t h  of Minto. 

v) Also of major concern are assumed p i p e l i n e  r o u t e s ,  mainly a long  

highways, which p a r a l l e l  meandering streams. While t h e  meander 

p ropaga t ion  i s  r a t h e r  slow i n  most of such streams, i t  can 

accelerate f o r  one o r  a n o t h e r  r eason ,  one of which i s  c o n s t r u c t i o n  

a c t i v i t y ,  a n o t h e r  t h e  change i n  iiieander moveinent and c u r r e n t s  due 

t o  a m o u r  p r o t e c t i o n  along the  p i p e l i n e .  

* Supplement t o  Appendix A 
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v i )  I d i d  no!. observe s e r i o u s  damage t o  permafrost  from man- 

a c t i v i t i e s  throughout t h e  rou te ,  as I d i d  on t h e  Alcan r o u t e .  

v i i )  Of g r e a t  i n t e r e s t  i s  t h e  f a c t  t h a t  t h e  e n t i r e  Klondike Va l l ey  

and t h e  v a l l e y s  of o t h e r  streams n e a r  Dawson have been e x t e a -  

s i v e l y  s u b j e c t e d  t o  man-ac t iv i t i e s .  Other c r e e k s  i n  t h e  area 

are p r e s e n t l y  under s u b s t a n t i a l  p l a c e r  a c t i v i t i e s .  One must 

r ecogn ize  how much e f f e c t  on t h e  environment such a c t i v i t i e s ,  

p a s t  and p r e s e n t ,  had o r  have. 

Also of g r e a t , i n t e r e s t  i s  t h e  o l d  water conveyance system, 

o f  35 miles length,  through Moosehide H i l l s ,  n e a r  Dawson. 

T h i s  system c o n s i s t e d  o f  p r e s s u r e  p i p e ,  bo th  woodstave and s tee l ,  

v i i i )  

s i p h o n s ,  c a n a l  and wooden s luices .  The remains of i t  are 

s t i l l  t h e r e ,  through permafrost  p l a i n s ,  rocky h i l l s i d e s  and 

v a l l e y s .  Although I cannot p o s s i b l y  s a y  whether t h e  l i n e  

formed a b a r r i e r  t o  mig ra t ing  an ima l s ,  i t  i s  obvious t h a t  i t s  

e f f e c t s  on t h e  area are minimal. Vege ta t ion  h a s  t aken  ove r  

aga in  and t h e  pe rmaf ros t ,  even i n  areas t h a t  have been d i t c h e d ,  

seems t o  be und i s tu rbed .  Since t e r r a in ,  cl imatic and vege- 

t a t i o n  c o n d i t i o n s  are n o t  d i s s i m i l a r  t o  t h o s e  of o t h e r  areas, 

t h e  e f f e c t s  o f  t h i s  o l d  water conveyence system shou ld  b e  

s t u d i e d  so  as t o  p rov ide  an i n s i g h t  of what i s  bound t o  happen, 

i n  o t h e r  similar areas. 

I n  g e n e r a l  terms i t  can be s t a t e d  t h a t  t h e  c o n s t r u c t i o n  o f  a 

p i p e l i n e  cannot occur  without  some adve r se  e f f e c t s  on t h e  

water economy of t h e  r eg ion .  HoTJever, t h e  e f f e c t s  can v a r y  

widely from minimal t o  s e r i o u s ,  depending upon t h e  p i p e l i n e  

al ignment ,  incans and methods of  c o n s t r u c t i o n  and s p e c i a l  

ix) 
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e f f o r t s  exe r t ed  t o  minimize such adverse  e f f e c t s .  

x )  S p e c i f i c  a r e a s  o f  concern a r e  d:tscussed i n  t h e  S c h r c j e r  n o t e s  

(4ppendix A ) .  These no te s  f u l l y  r e f l e c t  t h e  obse rva t ions  made d u r i n g  

t h i s  t r i p .  

t o  be less  f r a g i l e  than  s e c t i o n s  o f  t h e  Alcan r o u t e .  

e i t h e r  because t h e  r o u t e s  fo l low high r i d g e s  which c o n s t i t u t e  

"drainage d iv ides"  o r  because areas are  prone t o  heav ie r  p r e c i p i t a t i o n  

o r  because a c o l d e r  c l ima te  can s u s t a i n  permafrost  b e t t e r .  

To t h i s ,  I want t o  add t h a t  t h e  s u b j e c t  r o u t e s  appear  

Th i s  i s  so,  

A . N . T .  V a r z e l i o t i s  

8 June 1977 
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