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AN OVERVIEW OF WATER IMPACTS ASSOCIATED WITH 
PIPELINE ROUTE ALTERNATIVES IN CANADA 

TO TRANSPORT ALASKAN OILL’ 

INTRODUCTION 

Three proposals have been s u b m i t t e d  t o  National Energy Board f o r  t ransport ing 
Alaskan o i l  through Canadian t e r r i t o r y  by pipel ine t o  an existing terminal i n  
Alberta. The Pac i f ic  & Yukon Region, DOE/DFO Oil Pipel ines  Working Group was 
asked by the Minister t o  make a preliminary environmental comparison of the 
pipel ine routes discussed i n  these proposals. 

T h i s  repor t  by Inland Waters Directorate covers the hydrologic, hydraulic and 
water qua l i ty  tispects of the comparison. 

( a )  
major envi ronmental concerns. 

The primary object ives  were to :  
rank the three cor r idors  on a common sca l e  of values,  and ( b )  ident i fy  

Ac t iv i t i e s  t o  accomplish this included: 
- a review of information contained i n  the three  appl ica t ions ,  
- a review of ava i lab le  data base f o r  surface and sub-surface discharge and 

water qual i t y  , 
- i den t i f i ca t ion  of major environmental concerns, 
- an overview comparison of a l l  a l t e rna t ives  w i t h  respect t o  potent ia l  f o r  

environmental impact. 

Inland Waters Directorate,  Pac i f ic  & Yukon Region, par t ic ipants  consisted of 
Dr. V.G. Bartnik, R.N.  Neumeyer and P.W. S t r i l a e f f .  Input a l so  was received 
from Directorate  personnel i n  the  Western and Northern Region. 

- l /  Submitted t o  the Chairman of the Pac i f ic  & Yukon Region DOE/DFO O I L  
PIPELINE WORKING GROUP 

, .  . . - .. . . . .. . ~ . . . 
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I 1  
I A .  ROUTE DESCRIPTIONS 

1 .  Trans (Jiountain 

The 762 mm (30 i n . )  pipeline wi l l  para l le l  the present 610 mm (24 in . )  
pipel ine from the International Boundary near Sumas, through the Fraser 

I Valley t o  Hope, from where i t  wil l  e n t e r  the Coquihalla Canyon (Fig. 1 ) .  

I From the Coquihalla Canyon the pipel ine will pa ra l l e l  the Canadian 
Pacif ic  Railway through the Coldwater Valley, emerging near the town 

Merri tt. Between nd Kamloops, the pipel ine reaches i t s  
s t  elevation of 4,009 f t . )  above sea leve l .  From 

Kamloops, the pipel ine wi l l  r u n  north th rough  the North Thompson 
Valley, through the Yellowhead Pass r u n n i n g  e a s t  para l le l  t o  the 

1 
I 

2. 

I 
1 
i 
1 
I 

Canadian National Railway, and t h r o u g h  Jasper t o  Edmonton (Application 
page 1-3-1). 

Total length of the pipel ine route is 1 089 km (675 mi.) of which 
927 km (575 m i . )  i s  new. There wil l  be a t o t a l  of 13 pumping  s t a t ions  
of w h i c h  5 a r e  new. 

K i  t imat 

T h e  proposed route ( F i g .  1 )  l ies  near Highway 25 from Kitimat t o  
Williams Creek, and near Highway 16 from Telkwa t o  Edmonton. I t  
passes t h r o u g h  three incorporated communi t ies  ( K i  t imat,  Prince George 
and Edmonton) and close t o  many others .  
Kitimat w i t h  an access road paral le led by a '1,219 m (48 i n . )  p ipe-  
l ine.  
Kitimat, then transmitted t o  Edmonton via a 762 mm (30 i n . )  and 914 mm 
(36 i n . )  pipeline. 
Hydro and Power Authority or Pac i f ic  Northern Gas rights-of-way from 
Kitimat t o  Prince George, except Miles 30 t o  56 (Williams Creek). 
From Prince George t o  Rearguard (Mile 460), the route follows 
Highway 16, and from Rearguard in to  Edmonton, runs beside the existing 
Trans Mountain Pipeline right-of-way. T h e  t o t a l  length of l i n e  i s  
1,211 km (753 mi.). 
one a t  Kitimat. 
l i ne .  

There would be a dock a t  

Oil pumped through this l ine would be s tored i n  a tank farm i n  

T h e  right-of-way would r u n  beside ex is t ing  B.C. 

There would be ten pumping s t a t i o n s ,  including 
A t  Edmonton, the l i n e  would j o in  an ex is t ing  pipe-  

(Application page 6-1, Volume V ) .  

I 
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3 .  Foothi l ls  ( 3  a l t e rna t ives )  

a .  

1 
I 
1 
1 
1 
I 
1 
I 
1 
1 .  
I C .  

1 
I 
I 

b. 

I 
I 

Skagway t o  Keg River 

A 914 mm (36 i n . )  diameter pipel ine will  be l a i d  from Skagway 
t h r o u g h  the White Pass and  across the Canadian boundary t o  
Carcross, Yukon, from which point an 864 mm (34 in . )  diameter 
pipeline will  proceed northeastward t o  j o i n  the Alaska Highway 
Gas Pipeline corr idor  near Squanga Lake ( F i g .  1 ) .  From t h i s  
point the route is almost en t i r e ly  contiguous w i t h  the pro- 
posed gas  p ipe l ine- route  u n t i l  reaching the Fort Nelson area.  
A t  Kledo Creek, 72 km west of For t  Nelson, the o i l  l i n e  route 
leaves the gas l i n e  route and proceeds eastward t o  Keg River. 
The length of pipeline from the Alaska/British Columbia boundary 
t o  Keg River wil l  t o t a l  approximately 1,120 km (696 mi. ). 
(Application page E-19). 

Del t a  Junc t i  on 

This al ternat ive would involve an 864 mm (34 i n . )  diameter pipe- 
l i n e  extending from Delta Junction, Alaska and would follow the 
Alaska Highway Gas Pipeline route t o  Squanga Lake, Yukon and from 
there  continue by a route ident ical  t o  t h a t  of the  Skagway system, 
t o  Keg River, Alberta (Fig. 1 ) .  
f r o s t ,  some 137 km of pipel ine would be constructed i n  the above- 
ground mode. (Application page E-12). Total length of the pipe- 
l i n e  i s  1828 km (1135 mi). 

Due t o  the presence of perma- 

Skagway t o  Edmonton 

This a l t e rna t ive  would be ident ical  t o  the Skagway t o  Keg River 
route ,  up t o  Kledo Creek. A t  t h i s  p o i n t  (Fig. l ) ,  the pipeline 
route would continue t o  follow the Alaska Highway Gas Pipel ine 
route southeast  through British Columbia, passing t o  the north- 
east of Prophet River. T h e  route would t h e n  t u r n  ea s t e r ly ,  
crossing the Sikanni Chief River 5.6 km south of i t s  confluence 

1 
, . . . , . . . _ _ _ . _ _ ,  ,. .- . . ._ , ~ . . . . ., . -_._. - .,. .-.. .,. . . . . .. . . .. . ...... , . _  , . ~. . .... 
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w i t h  Trutch Creek. 
then the Br i t i sh  Columbia/Alberta border. 
boundary, the route would continue t o  follow the Alaska Highway 
Gas Pipeline route,  passing approximately 9.7 km south of the 
community of S p i r i t  River. The route would then diverge from 
the gas l i n e  route,  head e a s t ,  j o in  and follow Highway 43 t o  the 
point where the highway turns south. From there  the a l t e r n a t i v e  
route would continue e a s t ,  p a s s i n g  t o  the north of both Volmer 
and Nanamo before turning south t o  Edmonton. The t o t a l  length 

The Beatton River would be crossed next and 
From the provincial I 

i 
I 

of the  pipel ine i s  1755 Km (1091 mi.). ,- 

B. THE PROBLEi'l 

The three corr idors  t raverse  heterogeneous areas w i t h  widely varying 
environmental s e n s i t i v i t i e s .  The Trans Yountain route is  inainly in  the  
Fraser River drainage which is  predominately located i n  south-central  
Br i t i sh  Columbia, w i t h  extensive mountain ranges forming i t s  eastern 
and western l imi t s .  The route t raverses  the Cascade irlountains i n  the 
lower coas t ,  t hen  the i n t e r i o r  plateau i n  the Merritt-Karnloops-North 
Thompson areas followed by the Selkirk Mountains and the Rocky Mountain 
Foothi l ls  i n  the Athabasca River drainage. 

The proposed Kitimat pipel ine route t raverses  f ive d i s t i n c t  major 
physiographic units between Kitimat and Edmonton; the coastal  zone, the 
i n t e r i o r  plateau, the Rocky Mountain trench, the Rocky Iqountains, and 
the foo th i l l s /p l a ins .  Four major drainage basins a r e  involved. The 
Kitimat, Skeena and Fraser River systems drain i n t o  the Pac i f ic  Ocean, 
the Athabasca system drains , v i  a the S1 ave/Mackenzi e River sys tem, i nto 
the Beaufort Sea. The Athabasca River system, f o r  the most p a r t ,  drains  
p r a i r i e ,  boreal and tundra landscapes, while the other  three d r a i n  
mostly mountainous t e r r a i n .  

The Skagway t o  Keg River a l t e rna t ive  of the proposed Alaska Highrvay 
pipeline corridor t raverses  four small drainages w i t h i n  the Upper Yukon 
River system w i t h  a combined drainage approximating 325,000 km*. The 

. . .._ _.._. _. . ..,,.I 
_ I  . . . . .  ~ ~ .._ ~ . . .  .. . .. -" .. .. .. .... . . ... .. . ... . .. . ..-.-_.....I .,. ..- . . ~ 
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four drainages t h a t  will  be crossed by pipel ine construction include the 
Tutshi Lake'basin, the Bennett Lake basin,  the Tagish Lake b a s i n  and the 
L i t t l e  Atl in  Lake basin. 
s e r i e s  of streams and  narrow lake channels and  o r ig ina t e  in a low lying 
wetland area e a s t  of the proposed route.  
l i e  w i t h i n  both glaciated and non-glaciated regions. 
stream crossings a r e  t r i b u t a r i e s  t o  major lakes and  r ivers .  
these t r i b u t a r i e s  exhib i t  mountain stream cha rac t e r i s t i c s  such as  s teep  
gradients ,  f l a sh  floods and  a wide range i n  s i z e  a n d  type of bed mater ia l .  
Several poorly drained marsh areas a re  a l so  crossed by the pipel ine route.  

East of Squanga Lake, the Alaska Highway pipel ine corr idor  t raverses  the 
Teslin and  Liard Rivers, each of which has a major drainage b a s i n  in 
southern Yukon. Sfatercourses crossed by the p ipe l ine  corr idor  vary from 
small ,  in te rmi t ten t  high-energy streams t o  r e l a t i v e l y  large r ive r s .  
Between Kledo Creek and Keg River the proposed p ipe l ine  t raverses  the 
Liard and Hay River drainages,  which a re  major t r i b u t a r i e s  w i t h i n  the  
Upper Mackenzie River system. Drainage conditions along t h i s  portion o f  
the pipel ine route a r e  generally poor as approximately 240 km of the 
alignment t raverses  the  F o r t  Nelson Lowlands, an  extensive muskeg region. 
Lakes i n  the  area a re  shallow. The water courses crossed by the  pipel ine 
route pass t h r o u g h  boreal f o r e s t  bogs and muskegs and have meandering 
channels. 
pa t te rn .  

I 
I 
I 
I 

These drainages a re  interconnected t h r o u g h  a 

Water sources f o r  these basins 
The majority of 

Generally 

I- 

The exception i s  the Kuskwa River which has  a braided channel 

In the  Skagway t o  Edmonton a l t e rna t ive  the route a f t e r  Kledo Creek would 
generally cross the Alberta Plateau. The most s i g n i f i c a n t  hydrologic 
fea ture  here is t h a t  r i ve r s  a re  subject  t o  exceptionally large floods.  

The Delta Junction a l t e rna t ive  subs t i t u t e s  Upper Yukon drainage i n  the  
Skagway-Keg River cor r idor  with the North Yukon Plateau and  the Shakwak 
Trench drainages. Notable concerns here a r e  muskeg, permafrost a n d  the 
ephemeral streams along the west shore of Kluane Lake. 
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TABLE 1 

Comments 

. -  r .  - .  
- -  

low t o  ins igni f icant  e f f e c t  

no special  r i sks  i .e. low ve loc i t i e s ,  generally 
incised channels w i t h  high bed and bank s t a b i l i t y ,  
shor t  sediment e f f e c t  length , low groundwater and  
water qua l i ty  degradation poten t ia l .  

serious e f f e c t  i .e.  a few design problems have been 
iden t i f i ed ,  although ser ious i f  not solved a r e  
considered t o  have short term impact po ten t ia l .  

very ser ious e f f e c t  i . e .  many o r  major environmental 
design problems have  been iden t i f i ed  which may 
result i n  l o n g  term damage t o  the environment i f  
no t  solved. 

/ 

4 

, . - - . . . 
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Lowlands 

UIPV3ARY SCORE SHEET ' 

ALL ROUTE ALTERNATIVES 

UATER COMPONENT - TOTAL VALUE 100 

__  TABLE 2 

Parameters 

R e l a t i v e  Importance Values 

FOOTHILLS 

Approximate 

Route 

Length (kin) 

1089 

121 1 

1120 

1828 

1795 

Groundwater M i t i g a t i o n  
6 Permafrost I QtiT:y I Potent ia l  1 Total 

32 I 12 I 15 I 21 I 20 I 100 

224 

224 

384 

448 

384 

- 
12 

12 

48 

48 

24 

- 

. .  
. .  

Rank 

- 

- 
1 

2 

4 

5 

3 

- 
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I t  is obvious therefore  t h a t  environmental s e n s i t i v i t i e s  vary widely 
among the three corr idors;  in  addition the environmental elements with- 
in each corr idor  can be expected t o  be of unequal r e l a t ive  importance. 
The problem then was t o  devise a ranking system tha t  would cor re la te  
these hydrologically d iss imi la r  corr idors  on the basis of physiographic 
cqmponents and measure them on a common sca le  of numerical values. 
The general lack of current ly  avai lable  environmental da ta ,  pa r t i cu la r ly  
those re la ted  t o  water qua l i ty  and small stream hydrology necessitated 
the comparison procedure t o  accommodate, subject ive evaluations.  
endeavour was made t o  maximize the c r e d i b i l i t y  of r e su l t s  by adequately 
ident i fying and defining the  judgements o r  assumptions used. 

However, 

C. METHOD 

1. General Approach 

In a ranking system such as  one adopted f o r  this comparative review 
the t o t a l  environment is broken down i n t o  categories such as  physical ,  
b iological ,  Tetc. ( F i g . 2 ) .  The categories a re  then divided in to  major 
components and the components a re  separated in to  parameters, each 
with i t s  group of i den t i f i ab le  elements. The water component 
(hydrology, hydraulics and wter q u a l i t y ) ,  the subject  of t h i s  repor t ,  
f a l l s  i n  the physical category. Tables 3 t o  7 l i s t  the selected 
parameters and elements. 

2. Selection o f  Parameters 

Parameters were f i r s t  chosen independently by members of the study 
team. 
f ina l  se lec t ion .  Listed i n  sect ion C following a re  descriptions of 
the elements considered t o  be relevant t o  the potential  impact. 
Because o f  the reconnaissance nature o f  information provided i n  the 

Subsequently they were compared and agreement reached on a 

appl icat ions,  and paucity of baseline da ta ,  the concerns and mit i -  
gation f o r  corr idor  a l te rna t ives  were t rea ted  in a geographic context.  
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3 .  Nature o f  Parameter Elements 

a .  Stream Crossings 

- number of water crossings; special  a,ten,ion was given t o  
density o f  streams with drainage areas  less t h a n  250 km* 
and number of streams with drainage area grea te r  t h a n  2,500 
km2. 
a l t e r a t ion  and cu lver t  design; they can a l so  be a major 

Small streams a re  concerns r e l a t i v e  t o  drainage 

. .  - .  . .  . . . .  
. . .  
. :i . .  . 

~. . .. .. . . . _. .- . . - .  . .  - .;. . . _ . . _ . -  . . . .  _. 
source o f  s i l t a t i o n .  - 

. , .. . . . . . .. . -  .... . .. , .., - .. . . . .  .. . .. 
. .  

-. : . _._. . . . .  . . .. . 

- number of '  crossincjs near r ive r  mouth i . : ~  v e r ' s  . v e r t i c a l -  
. . . 

. .  

and l a t e r a l  a c t i v i t y  i s  heightened by increased discharge 
o r  by an increased drainage basin. 

A 
braided stream has a h i g h  potent ia l  f o r  l a t e ra l  and ver t ica  
i n s t a b i l i t y ;  a l s o ,  sediment t ranspor t  capabi l i ty  of a stream 

- number of streams w i t h  scour and/or erosion potent ia l .  

is a function of  ve loc i t ies  and hydraulic gradient ;  
consequently, h i g h  energy streams have a h i g h  environmental 
impact po ten t ia l .  Further, i t  i s  assumed t h a t  meandering 
streams have grea te r  potential  f o r  meander cut-offs .  

b .  Lowlands (Marsh, Boq, etc.  

- drainage interchange and damage t o  wetlands can be c r i t i c a l ,  
therefore  the proportion of route l e n g t h  t h r o u g h  such areas  
is  considered t o  be a relevant f ac to r .  

c .  Groundwater 

- groundwater problems may be: (a)  geotechnical - caused by 
the influence o f  groundwater occurrence on the construction 
and operation of the pipel ine,  ( b )  resource related - 
caused by disruption o f  flow (e.g. compaction by a pipel ine 
berm) o r  the introduction of po l lu tan ts  (e.g. s p i l l s  of 
Contaminants during construction o r  o i l  s p i l l s  during 
operati  on). 

baseline data necessitated only a very qua l i t a t ive  estimate 
The general unavai lab i  1 i t y  of groundwater 
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d .  

of potential  impact. This was based on the  length o f  

route ,  t o t a l  rise i n  e levat ion,  t o t a l  number of streams 
crossed, concentrations of population along the  route ,  
and the incidence of permafrost. 

Water Qual i t y  

- number of streams and to t a l  kilometers paral le led by 
the p i  pel i ne. 

s i l t a t i o n  impact there  -should be a minimal length of 
- proportion of crossings in  headwaters. For minimum 

downstream reach which will  receive increased sediment 
t ransport  r a t e s .  As i n  the case of “Stream Crossings”, 
length of stream channel t ha t  will  be affected by in t ro-  
duction of sediment wil l  depend on ve loc i ty ,  ava i lab le  
sediment, hydraulic gradient and the a v a i l a b i l i t y  of low 
energy channel areas .  (Also,  headwaters represent 
recolonization sources f o r  macro-invertebrate populations; 
destruct ion o f  biota i n  these areas  has a more prolonged 
impact t h a n  i n  downstream areas . )  

affected e i t h e r  because they a r e  downstream from a r i v e r  
crossing or  c losely paral le led by the pipel ine.  

l a t i t udes  the re lease  of organic substances ( s o i l s ,  
sewage, o i l ,  e t c . )  under ice  cover can be expected t o  
fu r the r  increase biological oxygen demand leading t o  an 
accentuation of already s t ressed dissolved oxygen 
conditions.  

- number of lakes downstream of route.  Lakes could be 

- ambient winter dissolved oxygen l eve l s .  In northern 

e. Permafrost 

- uncertaint ies  and unpredic tab i l i t i es  involved when conside- 
ring d i f f e ren t i a l  heaving, t h a w  erosion and s o l i f l u c t i o n  
in sloped t e r r a i n  a r e  the major risks associated w i t h  perma- 
frost. Only the Alaska Highway cor r idor  was considered 

_.. . . .. .. . . - . . . . . - . . . . . . . . . .  _ _ . . . . . . _ . _ . . I _  ” _ _ .  . .  -. I_ . . . .  ,... . .. __Y,_._. ~ ...... .. . - - .. ._. ..___-I_” .I-- L._.. . . -  .- 
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t o  t raverse  permafrost zones. 
an indicator  of impact was the incidence of permafrost 
and ice- r ich  s i l t s  along the  route.  

For this comparative review, 

f .  Information Deficiencies f o r  Impact Mitigation 

This parameter was introduced t o  measure ava i lab le  data base, 
experience, e t c .  within a pipel ine corr idor  f o r  mit igat ive 
des i gn . 
- per cent o f  t o t a l  corr idor  miles along ex is t ing  l i n e a r  

- number of  streamflow gauging s t a t ions  r e l a t i v e  t o  number 

- - ,  . - 

development (highway and/or pi pel i ne).  

of streams in  the two river-size categories i den t i f i ed  
under "Stream Crossings". 

- per cent o f  streams monitored f o r  water qua l i ty .  

4. Impact Values 

Pipeline route a l t e rna t ives  were divided in to  physiographic units 
and the  parameters fo r  each physiographic u n i t  (Tables 3 t o  7) 
were evaluated subject ively on the basis  of information i n  the 
appl icat ions.  Following this an appropriate impact magnitude 
value was assigned (Table 2).  When information in  the appl i -  
cat ions was considered t o  be inadequate t o  complete a l l  parameter 
elements, reference was made t o  other  sources including Water 
Survey of Canada , Water Qual i ty  Branch and Hydrology Research 
Division of Inland Waters Directorate ,  and B.C .  Water Investig- 
a t ions  Branch. 

I 

5. Relative Importance Values 

All parameters do n o t  contr ibute  equally t o  the long term 
s t a b i l i t y  and value o f  the  to ta l  environment. Therefore, a 
weighting procedure was required i n  order t o  co r re l a t e  the raw 
impact scores from Tables 3 t o  7.  
values were establ ished by the  study team on a concensus basis 

These r e l a t i v e  importance 

..,.........., ~ ._..._.-..... . . - 
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and were based as  much as possible on s c i e n t i f i c  information 
gleaned d u r i n g  the review. 
of the subject ive judgements of the team members. 
t r i bu t ion  of the importance values among the  parameters i s  
shown i n  Table 2.  

Nevertheless, they a re  a function 
The d is -  

6 .  Final Ranking 

Information f o r  each corr idor  was examined and impact magnitude 
values f o r  the parameter elements were entered i n  Tables 3 t o  7 

the t o t a l  corr idor  were subject ively ascer ta ined and summed t o  
r each physiographic u n i t .  Subsequently parameter lues' f o r  -*- - 

D. 

provide a ''raw" score f o r  each parameter. 
scores were then mu1 t ip1 ied by the parameter importance value 
and entered i n  Table 2. 
the f ive  pipeline a l te rna t ives  were ranked. The bias  t h a t  is 
normally inherent i n  this type of evaluation is reduced through 
use of the preselected impact values (Table 1). The water 
component (hydrology, hydraulics and water qua l i ty )  ranking 
f o r  each of the f ive corr idor  a l t e rna t ives  i s  shown i n  Table 2. 

The parameter "raw" 

T h u s ,  on the basis  of these scores 

PlAJOR ENVIRONMENTAL CONCERNS 

Al though  most potent ia l  changes t o  surface water regimes can be 
mitigated by proper planning and design, the d i f f i c u l t y  is knowing 
when designs a r e  adequate. Long-term hydrologic data a re  generally 
n o t  avai lable , 'whi le  such fac tors  as  flood peaks, i ce  jams and icings 
a re  d i f f i c u l t  t o  an t ic ipa te .  Furthermore, problems such a s  scour,  
local erosion, s i l t a t i o n  and undersized cu lver t s  may not become 
apparent un t i l  well i n to  the operation period, during o r  a f t e r  peak 
floods. 

The grea tes t  hydrometric information gap is i n  flow data fo'r drainage 
areas l e s s  than 250 km . 
period. 
of wide differences in local meteorological conditions (snow pack, 
thunderstorms, e t c . )  from year t o  year.  
hydrologic knowledge of small streams i s  i n su f f i c i en t  f o r  e i t h e r  r i v e r  
crossing design work o r  comprehensive environmental impact assessment. 

2 The gap cannot be f i l l e d  in  a sho r t  time 
Years of data a re  required for  an adequate ana lys i s  because 

I t  is f e l t  t h a t  t he  level o f  
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Following a re  descriptions of major environmental concerns. 

1. Skagway To Keg River Corridor 

a .  Upper Yukon Lakes 

Four lake drainages i n  the Upper Yukon River system; Tutshi Lake, 
Bennett Lake, Tagish Lake and L i t t l e  A t l i n  Lake a re  subject  t o :  

- high s i l t a t i o n  r i s k  i . e .  drainages in to  these lakes have 
s teep gradients ,  par t icu lar ly  along the e a s t  shore of 

.- .:.----.; Bennett Lake and west shore,. o,f ..C.rag Lake ; s.treams-,:here.~are .' :..-:.:.-.-.-- ..: . . _ .  . . .. . .  . 
. .  ._ . - . .  . -. . e .  . 

.-. - subject  t o  f lash  floods'and sh i f t i ng  beds. 

- drainage interchange in the poorly drained marsch-lake areas.  
- h i g h  water t a b l e  leading t o  d i f f i c u l t i e s  i n  maintenance of 

access roads and work pads, which themselves may become 
ba r r i e r s ,  t h r o u g h  compaction, t o  surface and subsurface flow. 

Crag Lakes. 

I 
I - ic ings in  excavations across s teep streams along Bennett and 

Lack of hydrometric d a t a  par t icu lar ly  for assessment a n d  mitigation I 

I 

of potent ia l  problems related to  the s teep  drainages ident i f ied  
above is of concern. 

b .  Nelson River Lowlands 

The extremely low r e l i e f  and poorly defined muskeg drainage i n  
the  Fort Nelson River-Hay River lowlands from approximately Snake 
River (KP 890) t o  Keg River ( K P  1120.6) i s  considered t o  be a 
po ten t ia l ly  d i f f i c u l t  sect ion of the alignment a l t e rna t ive .  
main concern i s  drainage interchange, complicated by the  character-  
i s t i c  change in  direct ion o f  flow, which depends on r e l a t i v e  water 
levels  among the  channels. 
access roads creat ing permanent bar r ie rs  through compaction and 
disrupt ing natural drainage pat terns .  

The 

T h i s  may be fu r the r  complicated by I 

c .  Rocky Mountain Foothi l ls  - Alberta Plateau 

Serious flooding and erosive a c t i v i t y  potential  increases from 
Alberta Plateau, t h r o u g h  the Rocky Mountain Foothi l ls  and in to  
the Rocky Mountains themselves. 
a c t i v i t y  there  i s  a great  potential  f o r  the pipel ine t o  be 

The concern is  t h a t  during such 

. .,. .__  " . , , .,_ .- . . . .. . 1. " . .,_ ..., .." ..-- .I,.." ..-.. *..,. _--. _,-. -.,. . , . ., . - . I. 
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exposed and perhaps damaged, w i t h  consequent need f o r  emergency 
repairs. A number o f  small unnamed streams a re  involved. Larger 
streams of grea tes t  concern include Brimstone Creek, Toad River 
and Dunedin River. 

T h i s  problem are  is  of about equal concern bo th  i n  the  Skagway- 
Keg River and Skagway t o  Edmonton cor r idors .  

2. Delta Junction t o  Keg River Corridor 

”- a.  S t .  E l i a s  Mountains 
. . . .  . . . . . . .  . . .  . . . . . . . . . . .  . . . . . .  . . .  I. . . . . . . . .  ... - .  

. . . . . . . .  
. .  

1 . .  . - :. . .  
. .“ . 

1.. 
. .  

The a l luv ia l  deposits a t  the  foot  o f  S t .  El ias  Mountains along 
the west shore of Kluane Lake a re  notable problem areas .  
fan streams between Duke River and S i lver  Creek appear t o  be 
graded a t  present ,  b u t  there  is a poss ib i l i t y  f o r  ser ious 
degradation o r  slush avalanching t o  occur i f  a main stream 
begins t o  erode l a t e r a l l y  i n t o  the base of the a l luv ia l  fan.  
Such fan a c t i v i t y  could be des t ruc t ive  as i t  would threaten the 
sa fe ty  of the pipel ine.  
proposed pipel ine f o r  a r e l a t ive ly  s h o r t  dis tance.  

The I 
I 
I 
I Kluane Lake i s  paral le led by the 

I 
I 
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