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REVIEW OF THE ENVIRONMENTAL IYPACT STATEMENT 

ALASKA HIGHWAY GAS PIPELINE IN THE YUKON TERRITORY 

INLAND WATERS DIRECTORATE 

INTRODUCTION 

Preparatory s tudies  for the review of the Foo th i l l s '  EIS extended over a 
period of 18 months and culminated i n  the  four-book report  e n t i t l e d  
"Water Investigations Along The Alaska Highway Pipe1 ine Route I n  The Yukon 
Terr i to ry" ,  dated December 1978. 

The  EIS was received on January 15,  1979. 

Review of the app l i can t ' s  proposal const i tuted an appraisal  of :  

Actions proposed f o r  mitigation of the concerns. 
Methods and basic data upon which the  proposals a r e  based. 

1 .  Ident i f ica t ion  o f  environmental concerns, 
2. 
3 .  

A brief format was chosen f o r  the  report  f o r  two reasons: 
a )  Limitation i n  time ava i lab le ,  and 
b )  Belief t h a t  the purpose can be best  served by including only the 

e s sen t i a l s .  
theory and assurances, the mile-by-mile approach f o r  the treatment of 
concerns was considered t o  be inappropriate;  instead only the more 
c r i t i c a l  ones have been selected.  

Further,  s ince the EIS concentrates mainly on p r inc ip l e s ,  

Since the project  had received authorizat ion t o  proceed, conditional only on 
ce r t a in  s t ipu la ted  requirments being s a t i s f i e d ,  Footh i l l s  should have d i rec ted  
more emphasis t o  s i t e  spec i f ics  and mitigation r a the r  than t o  reassurances.  
I t  would now seem t h a t  the most e f f ec t ive  departmental s t r a t egy  would be the 
requirement f o r  the Environmental Terms and Conditions t o  p ick -up  the more 
important outstanding def ic iencies .  
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2. 

ENVIRON.FIENTAL CONCERNS 

Many aspects of the design of the pipeline and access roads depend 
on the nature and frequency of snowmelt and storm related surface 
and  subsurface runoff; fur ther ,  fo r  regions underlain by permafrost, 
e f f ec t  of man-induced changes i n  the thermal regime on the groundwater 
flow and ic ings must be considered. 
i n  the hydrologic fac tors  along the Alaska Highway because o f  the 
general lack of homogeneity i n  the manner and in t ens i ty  t h a t  r i ve r s  
respond t o  the cl imat ic  fac tors  of temperature and precipi ta t ion.  
Processes on individual r ivers  are loca l ly  conditioned by var ia t ion 

Considerable complexities e x i s t  

i n  slope,  bed and bank mater ia l ,  water velocity and depth. An adequate 
understanding and consideration of the r i v e r ' s  behavior i s  essent ia l  i n  
order t o  make in t e l l i gen t  design decisions where surface and subsurface 

. hydrology i s  concerned. 

The qua l i ty  of water is dependent on such aspects a s  dissolved oxygen 
concentration, level o f  dissolved minerals, supply of rnicrorganisms 
and level o f  t u r b i d i t y .  Unfortunately the present knowledge of the 
northern aquatic systems is very l imited; a l so  very l i t t l e  can be 
extrapolated from the much la rger  southern pool of knowledge of the 
aquatic systems because of t h e i r  d i f f e ren t  cha rac t e r i s t i c s .  
careful a t ten t ion  needs t o  be p a i d  t o  the pecu l i a r i t i e s  o f  the northern 
aquatic ecosystems i n  the p l a n n i n g  of various phases of pipel ine 
construction. 

Consequently, 
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3 .  

A .  SCHEDULING 

The information collected by Inland Waters Di rec tora te ' s  Water Qual i ty  
Branch has suggested t h a t  oxygen depletion would be a ser ious concern 
par t icu lar ly  under winter conditions. Since a l l  th ree  sect ions of the 
pipe1 ine route scheduled f o r  winter construction involve the Yukon 
River Basin, known t o  experience low dissolved oxygen leve ls  under ice ,  
fur ther  information and m i t i g a t i o n  would appear t o  be necessary i f  
proposed schedule i s  t o  be retained. 

B. DESIGN 

a .  Small Streams 

The proponent provided 11 stream and one lake crossing concepts, and a 
l i s t i n g  of channel cha rac t e r i s t i c s  f o r  many streams t o  i l l u s t r a t e  design 
problems expected a t  any stream along the route.  He used this procedure 

* t o  display on a step-by-step basis the typical procedures and analyt ical  
techniques t h a t  would be used i n  design. 
L t d .  were retained t o  study streamflow hydrology w i t h  the  object ive o f  
determining design peak flow values (Annex Number 1 4 ) .  

The approach t a k e n  u t i l i z e s  hydrologic equations depending upon regional- 
ized runoff  coe f f i c i en t s ,  These coef f ic ien ts  a r e  estimated from a - 

knowledge o f  the measured streamflows a t  hydrometric s t a t ions ,  and from 
modifications o f  these a s  necessary based upon hydrologic judgement. 
The approach is  generally adequate fo r  l a rge r  streams, par t icu lar ly  
i n  areas where flow d a t a  is  avai lable .  However, when applying this 
approach for  small streams i n  areas where there  i s  no hydrometric da ta ,  
par t icu lar ly  the area west cf Haines Junction, the r e s u l t  is  almost 
wholly dependent. upon the judgement of the  hydrologist. 

Northwest Hydraulics Consu l t an t s  

For example, 

. .  . 
. .  . .  

. .  
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4. 

i n  attempting t o  confirm the sample design flood fo r  Beaver Creek, 
the map l i s t i n g  the  coef f ic ien ts  must f i rs t  be consulted t o  estimate 
the appropriate coef f ic ien t .  (Note t h a t  our copy of the EIS d i d  not 
include this map, a l t h o u g h  i t  is referenced i n  defining the method of 
computing discharges). 
values fo r  the appropriate coef f ic ien t  a r e  about 80 km t o  the west i n  
Alaska, i n  t e r r i t o r y  t h a t  appears t o  have qui te  a d i f f e ren t  hydrologic 
regime, while i n  Canada the nearest data i s  140 km t o  the eas t  a t  the 
o u t l e t  of a large lake. The relevant parameters a t  these data points 
vary from 0.60 t o  2.22, meaning a difference of almost 400 per cent  i n  

The nearest measured streams having known 

computed discharges. 
dependent upon this parameter and the estimation of  the  parameter is  i n  
t u r n  heavily dependent upon the judgement o f  the  hydrologist. 

1Je agree w i t h  the statement i n  the repor t ,  "For small s teep basins i n  
the Kluane.area, where few relevant data a re  avai lable ,  the rat ional  
and related methods a re  considered appropriate as  a check of other  
methods", however, there  should be additional description o f  these other 
methods and of the select ion of relevant parameters. 
paragraphs a r e  devoted t o  explaining the "rational and related methods". 

Confidence i n  the intended procedure fo r  estimating expected estimates 

The computed flows u s i n g  this method a r e  completely 

Only two shor t  

for  a par t icu lar  stream-crossing area could have been improved sub-  
s t a n t i a l l y  by attempting t o  c o l l e c t  some data given the absence of 
published information. In f a c t  the consul tants ,  i n  explaining t h e i r  
recommended technique for  calculat ing design flows f o r  la rger  streams, 
s t a t e  t h a t  due ' 'to the l imited data base and the extremely non-homo- 
geneous nature of physiography and runoff i n  South Yukon" other  
approaches were found t o  be inappropriate. T h i s  should have provided 
some incentive fo r  a hydrometric program a t  l e a s t  a t  sample crossing 
s i t e s .  
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Considering the many streams t o  be crossed, the non-homogeneity of runoff 
and the general inadequacy of c l imat ic  information, the small stream 
hydrology study f a l l s  short  of what i s  required t o  judge probable e f f ec t ive -  
ness of the  proposals, including those re la ted  t o  r i v e r  hydraulics. 
not c l ea r  how culver t  s iz ing  i s  t o  be establ ished.  For roads crossing water 
courses necessi ta t ing the  i n s t a l l a t i o n  of cu lve r t s ,  i t  i s  necessary t h a t  
cu lver t  design be re la ted  t o  water flow i n  such a way a s  t o  maintain stream 
ve loc i t i e s  within acceptable 1 imits .  A1  t h o u g h  t h e  proponent s t a t e s  t h a t  

I t  is 

(pages 3-13, 4-39, 4-50, 4-51, 9-2, culver t  design will  meet ce r t a in  c r i t e r i a  
9-3 and 9-7) i t  i s  n o t  apparent how hydro 
taken in to  account. Where diversions are 

ogical considerations a r e  t o  be 
proposed such as  t h a t  of the Congdon 

Creek, if  Kluane Lake crossing is adopted i t  is not evident how the proposed 
flood control works (Annex 10) will  be sized. W i t h  respect t o  cross  drainage 
across the right-of-way i t  i s  s t a t e d  on page 4-39 tha t  "s ize  of cu lve r t  would 
depend on the  cha rac t e r i s t i c s  o f  each drainage course", and on page 2-29 i t  
is s t a t ed  tha t  
measures will  be implemented t o  d i r e c t  water i n  a control led fashion across  
a l l  cu t s . "  How will  they know the  quant i ty  and nature of surface flows? 

I 
I 
I "Depending on the quant i ty  and nature of surface flows, 

b. 

This is  one o f  the more sens i t i ve  t e r r a i n  sect ions of the pipel ine route  

Slope S t a b i l i t y  and Erosion - West Shore of Kluane Lake 

t h a t  will  be subjected t o  disturbance during construction and operation of 
the pipeline.  
energy streams, have highly var iable  flow r a t e s  and a r e  constantly changing 
their  channels. This complex and dynamic a t t r i b u t e  of the drainage consti: 
tutes a major t h rea t  t o  the in t eg r i ty  of the pipel ine;  consequently hydrology 
and hydraulics in t h i s  section of the  route require r e l a t i v e l y  de t a i l ed  
a t t e n t i o n ,  par t icu lar ly  with regard t o  ic ings ,  slope s t a b i l i t y ,  scour and 
drainage. Very l i t t l e  reference (Section 6.2.4.1 (IV)) i s  made s p e c i f i c a l l y  
t o  West Shore of Kluane Lake and no construction approach is p u t  forward. 

Most of these streams carry highly var iable  seasonal flows and g rea t  amounts 
of bed load. 

Streams or iginat ing in the Kluane Mountain Range a r e  high I 
I 
I 

I 
I 

Periodical ly ,  a stream breaks out  of i t s  channel and c u t s  a 
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6. 

new course; eventually the process is  repeated. 
a rea ,  therefore ,  must allow f o r  s h i f t s  i n  watercourses. 
be made f o r  the pipel ine t o  be buried below scour d e p t h  over t he  grea te r  
portion o f  the reach. 

Pipel ine crossings i n  th i s  
Consideration should 

The  proponent has not provided a spec i f i c  plan f o r  mit igat ive act ion.  Infor- 
mation i s  required on a r t i f i c i a l  drainage system upslope and  across the  p i p e -  
l i n e  t h a t  may be required d u r i n g  excavation, and on the technique t o  be used 
f o r  calculat ion of design flows and scour depths. 
flow, flood cha rac t e r i s t i c s  of streams i n  this area require  t o  be obtained 
on a s i t e  spec i f i c  basis ;  a l so  s ince equations commonly used f o r  calculat ion 
of scour depths a r e  appl icable  t o  "incised" cross-sections only, a judicious 
se lec t ion  of potent ia l  scour depth  could best  be made from r e s u l t s  of a 
d r i l l i n g  program. 

c .  Erosion Control - Revegetation 

The EIS's coverage of revegetation programs t o  minimize post construction 
erosion does n u t  provide adequate information nor  does i t  c l ea r ly  ou t l ine  
the proposed plans of revegetation. 
spec i f i c  revegetation program i s  lacking. Lack of erosion control was shown 
t o  be the major contr ibut ing f ac to r  t o  the impact of sedimentation on water- 
courses i n  the Alyeska O i l  Pipeline experience. 

The "Actions Available and Planned'' for erosion control (page 2-45 o f  the 
Overview Summary), include the  statement t h a t  "upon completion of construct ion,  
disturbed areas  will be revegetated". 
w h a t  types of revegetation will  be undertaken o r  how, i . e . ,  species o f  grasses ,  
shrubs, hydro-seeding, e t c .  
vegetation techniques a t  representat ive s i t e s  along the  e n t i r e  r i g h t  of way 
have been under way fo r  two consecutive seasons", none of these erosion 
control techniques o r  t h e i r  scheduling a r e  discussed. 
of t he  EIS, the qua l i f ica t ion  is made tha t  "a major approach t o  l imi t ing  
surface erosion will be a program of revegetation on a l l  disturbed areas  
where vegetative cover i s  not expected t o  regenerate natural ly" ,  

For estimation o f  design 

A firm commitment by Foothi l ls  t o  a 

, 

However, no spec i f i c s  a re  given a s  t o  

Even though the EIS repor t s  t h a t  ' ' s tudies of re- 

In f a c t ,  on page 8-13 

There i s  
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7. 

no amplification of where o r  how much of  t he  disturbed areas  a r e  n o t  expected 
t o  revegetate na tura l ly .  The c r i t e r i a  of natural revegetation capab i l i t y  
would appear t o  be a poor one s ince time of r e s t ab i l i za t ion  of s o i l s  i s  by 

f a r  the most c r i t i c a l  f ac to r .  
natural regeneration time for  vegetation along the  pipel ine route .  

However, no i n f o r m a t i o n  is  provided on 

In view of the importance of erosion control i n  protecting the water resources,  
assurances of revegetation should be accompanied by firm commitment t o  spec i f i -  
c a l l y  outlined and scheduled programs. 
a c t i v i t y  i n  the construction schedule shown (see Fig. 4.1-1). 

Currently,  the  EIS i d e n t i f i e s  no such 

d .  Sedimentation 

The extent  and seriousness of potential  impacts of sediment loadings t o  
streams from construction a c t i v i t i e s  and subsequent erosion .are somewhat 
underestimated in  the  EIS. In assessing the e f f e c t s  of s i l t a t i o n ,  the  EIS 
s t a t e s  t h a t  "adverse e f f e c t s  on f i shery  resources and supportive food webs 
will be r e s t r i c t ed  t o  areas  near crossing s i t e s  and t o  a s h o r t  period d u r i n g  
and immediately following construction a c t i v i t i e s "  (page 2-33) .  However, i n  
the  Alyeska Pipeline experience sediment plumes were i n  c e r t a in  cases v i s i b l e  
20 t o  30 miles downstream from construction s i t e s  and l a t e n t  erosion d u r i n g  
subsequent f r e she t s  was a ser ious problem. 
sedimentation impacts, pa r t i cu la r ly  on aquat ic  hab i t a t s  , s h o u l d  therefore  
n o t  be t rea ted  too l i g h t l y .  
biota a r e  adapted t o  periodic h i g h  suspended sediment loads,  most po ten t i a l ly  
adverse impacts will  involve short-term s t r e s ses"  presupposes t h a t  long term 
o r  permanent damage will  n o t  occur "since normal scour d u r i n g  the subsequent 
f r e she t  will  remove f i n e s  from the gravel areas"  (page 8-9). 

. 

The treatment of the potent ia l  

The  ra t iona le  t h a t  because "endemic aquat ic  

In normal course of  events,  as  the f r e she t  passes,  the a v a i l a b i l i t y  o f  

t ransportable  sediment decreases rapidly and i n  r i v e r  reaches where the 
scour act ion is  great ,  the bed i s  l e f t  r e l a t ive ly  f r e e  of f i n e  sediments and 
the  water becomes r e l a t ive ly  c l ea r .  However, i f  th i s  normal pa t te rn  i s  
a l t e r ed  by the a r t i f i c i a l  introduction of sediment d u r i n g  the pe r iod  of de- 
c l in ing  discharge ( i . e . ,  the  period when most rivers are scheduled t o  be 
crossed) when such sediments would n o t  normally be ava i lab le  t o  the  river, 
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deposition of sediment will  take place i n  the i n t e r s t i c e s  of the  bed 
mater ia ls .  

Consequently, minimization of erosion could be the  single most important 
mitigating measure t o  which Foothi l ls  should be firmly committed. 

e.  Borrow Pits 

Although the borrow requirements are estimated t o  be 2 , 5 9 2 , 8 0 0 , ~ ~ .  yds. ,  
EIS s t a t e s  t h a t  required quan t i t i e s  will be determined during the f ina l  
design process. 
borrow p i t  locat ions have n o t  been selected.  

For the  construction of the Alyeska pipel ine,  gravel borrow was estimated 
t o  be 30 mill ion cu. yds., b u t  proved t o  be a gross underestimation. The  
higher demand was a t t r i b u t a b l e  i n  pa r t  t o  the shif t  from bur ied  t o  elevated 

Similar ly ,  the EIS s t a t e s  t h a t  a t  the  time of wri t ing 
I 

i n s t a l l a t i o n .  

In the  EIS the  curves i n  F i g .  4.2-24, page 4-30 demonstrate t h a t  very la rge  
amounts of insulat ion and granular material would be required i n  those places 
where the frost heave was t o  be kept w i t h i n  t o l e rab le  l i m i t s .  Should the  use 
of the granular embankment des ign  be more extensive than an t ic ipa ted ,  borrow 

- -  

requirements would increase proportionately.  This p o s s i b i l i t y  linked with 
the  ant ic ipated need of 9,000,000 cu. yds. for  the Shakwak Highway pro jec t  
could s t r e s s  granular material supplies w i t h  increased amounts being removed 
from f loodplains .  
borrow wil l  be obtained from upland s i t e s ,  stream f loodplains  may occasion- 
a l l y  be used (page 4-47). 
such borrow operations information should be p rov ided  on borrow p i t  loca t ions ,  
along w i t h  a p r ior iza t ion  l i s t i n g .  

The EIS notes t h a t  while i t  is  an t ic ipa ted  t h a t  most 

To allow judgement t o  be made of the  e f f e c t  of 

f .  Groundwater 

Potential  involvement of groundwater, which may cause problems of trench 
drowning,  f r o s t  heave and ic ings ,  is  n o t  taken  i n t o  account i n  any of t h e  
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models on which the mitigative measures l i s t e d  under 9.1.1.1 a r e  based. 
The groundwater-related problems may well become an  unexpected residual impact. 

Answers are  required t o  such questions as :  

What methods a r e  proposed t o  keep culver ts  ice-free i n  icing areas? 
What impacts a re  these methods expected t o  have? 

What measures a re  proposed fo r  dealing w i t h  groundwater flows 
encountered i n  cuts  and i n  trenching? Impact? 

To maintain subsurface drainage patterns i n  any condition, they 
have t o  be known f i r s t .  Does the company have such knowledge? 

Major (and  possibly some of the minor)  fuel s t o r a g e  f a c i l i t i e s  
s h o u l d  be provided w i t h  impervious b a s i n  bottoms inside the 
impervious containment dykes t o  prevent groundwater contamination 
i n  case o f  sp i l lage .  

For fur ther  comments on groundwater-related concerns, please see notes by 
R . O .  van Everdingen, Appendix C .  

g .  Biochemical Oxygen Demand and Oxygen Depletion 

On page 2-33, i t  is acknowledged t h a t  increased biochemical oxygen demand 
i s  expected t o  r e s u l t  from increasing sediment l o a d s  b u t  the  EIS goes on t o  
dismiss this potential  impact a s  not being expected t o  have s igni f icant  
e f f e c t s ,  even immediately below crossing points.  No data o r  substant ia t ion 
i s  given f o r  this conclusion and no s tudies  a re  proposed. 

Three s tudies  (item 8.1.2.6,  page 8-12) a re  quoted which show the e f f ec t  o f  

gas leakage on dissolved oxygen and f i s h  survival .  
alkane hydrocarbons have a h i g h  so lub i l i t y  i n  water and this tends t o  exclude 
oxygen a t  a rapid r a t e .  
b u t  ce r ta in ly  will cause problems i n  the winter under i ce  cover, and  the 
s impl i s t ic  response t h a t  gas  will leak t h r o u g h  natural cracks in the stream 
i ce  is  somewhat un rea l i s t i c .  Given the already s t ressed D.O. conditions 

I t  i s  pointed out t h a t  

T h i s  migh t  n o t  be a serious problem in the summer 
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under ice  cover, such gas leakage m i g h t  be detrimental and  should deserve 
closer  analysis ,  par t icu lar ly  w i t h  regard o remedial measures. The simple 
statement t h a t  "The probabili ty of gas  leakage in to  water courses i s  extreme- 
l y  remote", should be questioned. 

Since the spa t ia l  extent of the decrease i n  oxygen level would depend on the 
r a t e  and volume of gas  leakage, a t ten t ion  is drawn t o  the planned mainline 
block valves a s  shown i n  F i g .  4.1-3. As a measure of s a fe ty ,  the question 
i s  raised a s  t o  whether block valves s h o u l d  be located immediately on e i the r  
s ide of major r ive r  or lake crossings where pipel ine leaks o r  ruptures could 
cause oxygen depletion impacts. 
each s ide of the crossings of the White and Donjek Rivers and Kluane Lake 
a r e  approximately 45 km a p a r t ;  should leaks occur the e n t i r e  volume of gas  
between the valves could enter  the water. 

For example, presently the  block valves on 

h .  Channel Scour 

Annex 13 provides a n  explanation of scour ca lcu la t ions  f o r  11 streams, repre- - 

senting b o t h  incised and  braided r ive r  channels. 
with two statements on page 10 related t o  braided streams: 

I t  i s  d i f f i c u l t  to  agree 

( 1 )  "For t h i s  type of stream the deepest scour i s  considered 
t o  occur a t  approximately the bankfull s tage because 
increased sediment supply from bank and b a r  erosion a t  
higher stages tends t o  reduce the potential  f o r  scour 
depth. I '  

"I f  the channel was s p l i t  or  braided, the ca lcu la t ions  
were based on the  p o r t i o n  of the t o t a l  r i v e r  flow t h a t  
i s  carr ied by the design sub-channel a t  bankfull s tage,  
ra ther  t h a n  the to ta l  r i ve r  discharge." 

( 2 )  

Both of these statements a re  tenuous; statement (1)  appears t o  exclude 
e f f ec t  on scour of any flow higher t h a n  bankfull, possibly even t h a t  which 
could be caused by a g lac ie r  outburst;  statement ( 2 )  requires  apportionment 
of flow among channels within the floodplain,  which could be no be t te r  t h a n  
a rough estimate. 

The foregoing indicates  t h a t ,  while deep scour i s  very l i k e l y  t o  occur a t  
major crossings such a s  the White and  Donjek Rivers,  estimates of scour 
depth tend t o  be crude a t  best. There should be every incentive f o r  the 
proponent t o  carry out f i e l d  work i n  order t o  subs tan t ia te  some of these 
hypotheses. 
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C . FUTURE REQUIREMENTS 

a .  S h o r t  Term Baseline Studies 

Channel Scour 

Classical  empirical scour estimation formulas generally a r e  not appl icable  
t o  bouldery streambeds and t o  the coarse a l luv ia l  bedded r ive r s .  Also, u n -  
c e r t a i n t i e s  exist a s  t o  choice of a design flow value and the apportionment 
of t o t a l  river flow t o  a par t icu lar  channel within the braided r i v e r  flood- 
plain.  Consequently, scour ca lcu la t ions  should be checked a t  representat ive 
streams including Donjek and White Rivers by carrying o u t  one o r  more o f  the 
following: 

1 .  Soundings during extreme flood events i n  the  ensuing  years  
pr ior  t o  construction. 

2.  D r i l l i n g .  
3.  Ins t a l l a t ion  of ''chain markers". and 

a f t e r -  the flood event. 

Streamfl ows 

their re-excavation 

The approach p u t  forward by Footh i l l s  fo r  determ ning design flows f o r  la rge  
streams i s  generally adequate, pa r t i cu la r ly  for  streams i n  hydrologic regions 
where hydrometric data i s  ava i lab le .  However, f o r  small ungauged b a s i n s  
considerable def ic iencies  a r e  evident;  this i s  pa r t i cu la r ly  ser ious 
because of generally lack of c l imat ic  information and the non-homogeneity of 
physiography and runoff i n  South Yukon t o  allow r e l i a b l e  synthesization of 
da ta .  
ava i lab le  pr ior  t o  construction t o  record hydrologic extremes. T h e  g a p  i n  
the  hydrometric data can be s a t i s f i e d  by operating a c res t - s tage  gauge network 
on small streams representing as much a s  possible  various hydrologic regions 
and various types of drainage b a s i n s  (mountainous, intermediate and f l a t ) .  
The network shou ld  be operated from about mid-Nay t o  September 30 i n  the 
years ava i lab le  prior t o  construction; type o f  data  should include a stage- 
discharge re la t ionship ,  annual maximum peak discharge and channel geometry 
t o  permit estimation o f  extreme values. Several of representat ive streams 

Foothi l ls  should be required t o  take every opportunity i n  t he  period 

I 
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12.  

i n  the  network should  include water s tage recorders so t h a t  shape of t he  
flow hydrograph could be estimated a t  c res t - s tage  gauge locat ions.  

Special a t t en t ion  shou ld  be g iven  t o  hydrology i n  the  a l luv ia l  fan area 
west of Kluane Lake. 

Groundwater 

Potential  problems re la ted  t o  groundwater include trench drowning ,  f r o s t  
heave and ic ings.  
pipeline i n  a granular embankment, capacity would be c r i t i c a l .  The area 
where most ser ious problems w i t h  groundwater i s  expected, is  t h a t  along 
KP 0-177. 
f o r  a more adequate frost-heave (and thaw) model. 
required i f  icing development is  t o  be avoided o r  control led a t  stream 
crossings and elsewhere along the l i n e .  
t h a t  is  done along this portion o f  the  route should include a program f o r  
assessment of groundwater movement - gradients ,  f low r a t e s ,  chemistry and 
temperature. 

Where discharge channels include cu lver t s  passing under 

Data on subsurface water movement a r e  needed a s  i n p u t  parameters 
Such information is  a l s o  

I t  i s  recommended t h a t  any d r i l l i n g  

G1 acier-outburst  F1 oods 

Annex No. 14 r e f e r s  i n  several places t o  the  Glaciology Division Report 
(1977) concerning the e f f e c t  of g l ac i e r s  on hydrology. 
s t a t e s :  "In summary, the s tudies  discussed do n o t  ind ica te  reason f o r  ser ious 
concern about glacier-outburst  f loods.  
however, a s  possibly c r i t i c a l  f o r  design purposes on the White and Donjek 
Rivers". T h i s  quotation contains an important contradict ion;  i f  outburst  
floods a re  possibly c r i t i c a l  for design purposes why i s  there  no reason f o r  
ser ious concern? The Glaciology Division Report (1977) c l e a r l y  s ta ted  t h a t  
f u r the r  work should be undertaken t o  assess  flood poten t ia l .  
evidence t h a t  Foothi l ls  have undertaken such s tudies .  Further, Table 10 
indicates  t h a t  a glacier-outburst  flood on the Donjek m i g h t  produce a flow 
of 2300 m3s-l. 

On page 31 the Annex 

Such events have t o  be considered, 

There is  no 

A more recent estimate of peak discharge from the  Donjek Lake 
a s  given i n  Glaciology Division memorandum dated 24 January 1978 and appended 
t o  IWD (1978) report  on the Haines Road which i s  referenced i n  Annex No. 14 
i s  2860 tn3s-l. Clear ly ,  fu r the r  study o f  t he  Donjek g l ac i e r  outburst  i s  
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required before a f ina l  select ion of the Donjek River design flow could be 
made. 

The potent ia l ly  much more disastrous s 
Lake Alsek i n  the Haines Junction area 

tuat ion i s  the formation of Recent 
The only reference t o  possible 

lake formation and pipeline inundation i n  t h i s  area i s  i n  Section 6.2.4.1 
on page 6-76: ”A major surge or advance of the Lowell Glacier could dam 
the Alsek River and cause an extensive lake t o  form along i t  and i t s  t r ibu -  
t a r i e s ;  however, the community o f  Haines Junction and other  low-lying 
f a c i l i t i e s  would be affected long before t e r r a in  crossed by the pipel 
route”.  The implication o f  this quotation is  t h a t  the flood potentia 
recognized b u t  t h a t  i t  i s  not  important because Haines Junction would 
flooded f i r s t .  

ne 
is  

be 

I t  i s  n o t  su f f i c i en t  only t o  recognize the existence of problems; analyses 
t o  assess  probabi l i t i es  of occurrence, l i ke ly  damage t o  the pipel ine and 
preventive measures t o  be taken should also be undertaken. 

should  i ncl ude: 
Further s tud ies  

( a )  Flapping of the extent and  bathymetry of the  potential  
lake a t  the snout  of the Donjek Glacier.  
together with the map o f  the g lac ie r  s n o u t  a t  time of 
maximum extent will provide i n p u t  t o  a s imula t ion  model 
of glacier-outburst  f loods.  

T h i s  map, 

(6) 

(c )  

Mapping of the extent and bathymetry of Recent Lake Alsek 
and determine the time i t  would take f o r  the lake t o  f i l l .  

Surveys between Donjek Glacier and the p peline crossing 
t o  permit flood routing down the valley.  

b.  Moni t o r i  ng 

Although the construction along KP 0-177 is  scheduled f o r  winter and the  
scheduling i t s e l f  is  considered by Foothil ls  a s  a mitigation f o r  erosion 
impacts, post-construction monitoring i s  n o t  included i n  Foothi l ls  schedule 
plan. As mentioned e a r l i e r ,  l a t e n t  erosion was a prob1,cm following 
construction of the Alyeska pipel ine. 

I 
I 
I 
1 
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A commitment t o  post-construction monitoring should be made by Footh i l l s  
and should be ident i f ied  i n  their schedule plan. A post-construction 
monitoring program including inspection of r i v e r  crossing s i t e s  along 
the e n t i r e  alignment, par t icu lar ly  d u r i n g  subsequent f r e she t s ,  would a 
erosion t o  be ident i f ied  and remedial act ions t o  be taken by Footh i l l s  

W i t h  respect t o  monitoring f o r  toxic  substances such a s  o i l s ,  gasoline 

1 ow 

and diesel  fuels, e t c . ,  the following aspect should be considered. 
qua l i ty  c r i t e r i a  i n  the Terms and Conditions requiring t h a t  no v i s ib l e  o i l  
sheen be allowed t o  occur on watercourses i s  meaningless s ince monitoring 
f o r  such a condition is impossible d u r i n g  i ce  cover cond t i o n s .  

A water 

The Alyeska Pipeline experience found t h a t  monitoring of  toxic  substances 
was not possible i n  winter under i c e  conditions when o i l s  and other  
s p i l l e d  1 i q u i d s  reached watercourses a f t e r  sa tura t ing  work pads and entering 
watercourses under i ce  cover. 
th is  major recommendation should be an establ ished dis tance from any water- 
course f o r  areas  where chronic sp i l l age  may occur. Advisors  t o  the  Alyeska 
Pipeline recommended 1500 f e e t  a s  the  m i n i m u m  dis tance.  

To protect  watercourses from such impacts 

Consideration s h o u l d  a l s o  be given t o  monitoring of e f f e c t s  of fuel storages 
(pa r t i cu la r ly  underground s torages)  and sewage 1 agoons on water qual i ty  of  
groundwater. 

D .  GENERAL CONCERNS 

a .  Water Qua l i ty  

All the water qua l i ty  data which a r e  reported in  the Statement a r e  considered 
t o  have concentrations well w i t h i n  the  water qua l i t y  standards,  however, a l l  
sampling was done during the May - August period when the  trend i n  concen- 
t r a t i o n  is  low. Highest concentrations usually occur i n  l a t e  winter (March) 
and no mention of this i s  made. 

. .  .. . . . I .  - .  . . _ _ _ . . . . l , . . . - L . . I . . .  . . . . . . . .. . ..-. . . . . . . . . 
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15. 

Many of  the r e s u l t s  tabulated in  6.3.3, the chapter on Water Qua l i ty ,  a r e  
suspect.  
proximity t o  detect ion l imi t s  and would appear inordinately h i g h .  

W i t h  the  exception o f  Beaver Creek, the suspended sediment concentrations 
obtained seemed t o  be r e l a t i v e l y  low. 
"It  should be emphasised, however, t h a t  many water courses i n  the  southern 
Yukon Terr i to ry  a r e  extremely t u r b i d  under normal circumstances (Section 6 . 3 )  
and construction a c t i v i t y  may not increase suspended sediment loads beyond 
l eve l s  normally experienced d u r i n g  f reshe t" .  
wr i te r  considers the words tu rb id i ty  and suspended sediment a re  synonfmous. 
Reported results f o r  colour i n  Section 6.3.3 can be r e l a t i v e l y  h i g h  and we 
suspect h i g h  t u r b i d i t y  d u r i n g  f reshe t  may, i n  p a r t ,  be caused by h i g h  
dissolved organics ra ther  than suspended sediments. 
going  such statements a s  ''endemic fauna i s  adapted t o  high suspended sediment 
loads" a r e  open t o  question. 

Several references a r e  made (example 10.3) t o  the  f a c t  t h a t ,  in general ,  

h i g h  l eve l s  of wygen concentrations were found i n  Yukon waters. T h i s ,  
i t  is s a i d ,  will generally simplify mitigation measures s ince  pol lut ion 
problems, introduction of organic material and B.O.D. will  not cause .too 
grea t  a problem. 
conditions a r e  s t ressed  and of ten c r i t i c a l  w i t h  regard t o  D.O. and t h a t  
even minor a c t i v i t i e s  i n  construct ion,  maintenance, r e p a i r  work and camp 
discharge may cause a ser ious D.O. problem. 
o u t  t h a t  l a t e  winter conditions a r e  more c r i t i c a l  and t h a t  special a t t en t ion  
s h o u l d  be g i v e n  t o  any additi,on of material t o  t he  stream during this period. 

The ortho phosphate r e s u l t s  a r e  o f  l i t t l e  value because of their  

In chapter 8.1.2.4 the wr i t e r  s t a t e s :  

I t  would appear t h a t  the 

In view of the fore- 

I t  is n o t  pointed out  t h a t  d u r i n g  winter ecological 

I t  should a t  l e a s t  be pointed 

b.  Icings and Frost Heave 

Serious e f f o r t s  have been made t o  c o l l e c t  mul t i -d i sc ip l ine  background data 
fo r  stream crossings,  leading t o  more extensive knowledge of locat ions 
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subject t o  icing formation. However, not a l l  stream-crossing s i t e s  
potent ia l ly  affected by icings have been recognized; the relat ionship 
between icings and groundwater discharge a t  stream crossings has not been 
f u l l y  appreciated; and the potential  fo r  icings a t  locat ions away from 
stream crossings has n o t  received the a t ten t ion  i t  deserves. 

"The maintenance of s ign i f icant  groundwater flow in streambed gravels" was 
deduced i n  Annex 13, sub  A8(a) ,  para 3. Data on gradients,  permeabili t ies,  
flow r a t e s ,  chemistry and temperature of the groundwater a r e ,  however, n o t  
avai lable .  
predictions of f r o s t  penetration and f r o s t  heave fo r  the chi l led-pipel ine 

Such d a t a  will be needed t o  improve the chances f o r  r e l i a b l e  

section upstream of compressor s t a t ion  FY-1. Such information will a l so  be 
required i f  icing development is  t o  be avoided o r  controlled anywhere along 
the  route.  

For fur ther  comments on groundwater-related concerns, please see notes by 
R . O .  van Everdingen, Appendix C .  ._ 
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WATER QUALITY BRANCH 
INLAND WATERS DIRECTORATE 

SUBJECT: E.I.S. PREPARED BY FOOTHILLS PIPE LINES (SOUTH YUKON) LTD 
FOR ALASKA HIGHWAY GAS PIPELINE PROJECT 

Introduction 

Water Qua l i ty  Branch (I.W.D.) personnel have prepared an i n i t i a l  response 
t o  the subject  document and these questions and/or comments a re  l i s t e d  
below. As a general comment we feel t h a t  the Impact Statement i s  well 
formulated and c l ea r ly  wri t ten however, the  subject  is  covered i n  very 
general terms w i t h  l i t t l e  spec i f i c  information; a l s o ,  the  answers t o  some 
o f  t he  hazards and problems a re  somewhat s impl i s t i c .  
our de ta i led  comments r e f l e c t  this inadequacy. 

I t  w i l l  be seen t h a t  

We do n o t  t h i n k  t h a t  any proposal f o r  act ion i s  within the  mandate of those 
involved i n  the review process s ince this i s  very much the  proponents f o r t e .  
The  Water Qual i ty  Branch has reported the  r e s u l t s  of limited s tud ie s  on two 
river basins within the  Yukon Ter r i to ry  and is ,  therefore ,  i n  a posi t ion t o  
prof fer  advice i n  those areas  where the  subject  of queries  and our spec i f i c  
exper t i se  coincide. . . 

Reporting of Water Qual i ty  ,Data 

All the water qua l i ty  data which a re  reported i n  the Statement a r e  consider- 
ed t o  have concentrations well within the  water qua l i t y  standards however, 
a l l  sampling was done d u r i n g  the Flay - A u g u s t  period when t he  trend i n  
concentration i s  low. Highest concentrations usually occur i n  l a t e  winter 
(March) and no mention of t h i s  i s  made. 
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2 .  

llany of the  r e s u l t s  tabulated in 6 . 3 . 3 ,  the chapter on Water Qua l i ty ,  a r e  
suspect. We would be pleased t o  discuss this w i t h  Beak Consultants L t d . ,  
e spec ia l ly  on the  relationstTiFbTweFrn conductivity and dissolved so l id s .  
The ortho phosphate r e s u l t s  a r e  o f  l i t t l e  value because of t h e i r  proximity 
t o  detection l i m i t s  and would appear inordinately h i g h .  

W-ith the exception o f  Beaver Creek, the suspended sediment concentrations 
obtained seemed t o  be r e l a t ive ly  low. 
" I t  s h o u l d  be emphasised, however, t ha t  many water courses i n  the  southern 
Yukon Ter r i to ry  a r e  extremely t u r b i d  under normal circumstances (Section 6 . 3 )  
and construction a c t i v i t y  may n o t  increase suspended sediment loads beyond 
l eve l s  normally experienced d u r i n g  f reshe t" .  I t  would appear t h a t  the wr i te r  
considers the words tu rb id i ty  and suspended sediment a re  synonimous, which i s  
unfortunate t o  say the l e a s t .  Reported results f o r  colour i n  Section 6 . 3 . 3  
can be r e l a t i v e l y  h i g h  and we suspect h i g h  t u rb id i ty  d u r i n g  f reshe t  may, i n  
par tybe  caused by h i g h  dissolved organics ra ther  than suspended sediments. 
In view o f  the  foregoing one may take a jaundiced view of such statements 
a s  "endemic fauna i s  adapted t o  h i g h  suspended sediment loads". 

In chapter 8.1.2.4 the wr i te r  s t a t e s :  

One small p o i n t .  
Survey of Canada should, we bel ieve,  be credi ted t o  the Hater Qual i ty  Branch. 

Several references a r e  made (example 10.3) t o  the f a c t  t h a t ,  i n  general ,  
high l eve l s  o f  oxygen concentrations were f o u n d  i n  Yukon waters. 
i s  sa id ,  will  generally simplify mitigation measures s ince pollution problems, 
introduction o f  organic material and B.O.D. will  not cause too grea t  a problem. 

That water qua l i t y  data reported and a t t r i bu ted  t o  \&later 

. - 

This,  i t  

I t  i s  n o t  pointed out  t h a t  during winter ecological conditions a r e  s t ressed  
and of ten c r i t i c a l  w i t h  regard t o  D.O. and t h a t  even minor a c t i v i t i e s  i n  
construct ion,  maintenance, repa i r  work and camp discharge may cause a ser ious 
D.O. problem. I t  should  a t  least  be pointed out t h a t  l a t e  winter conditions 
a r e  more c c i t i c a l  and t h a t  special  a t t en t ion  should be given t o  any addi t ion 
o f  material t o  the stream during t h i s  period. 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

Perturbation 

3 .  

The statement i s  made three times i n  the  report  (E . I .S . )  t ha t  disrupted 
stream beds i n  salmon spawning areas  will  be restored na tura l ly  by bedload 
t ranspor t .  Is bedload t ranspor t  s u f f i c i e n t l y  understood in  these areas  t o  
ensure t h a t  the natural subs t ra te  will  be replaced? 

Will the e f f e c t s  of s i l t a t i o n  be l imited t o  locat ions near crossing s i t e s  
o r  m i g h t  the e f f e c t s  be noted downstream i n  deposit ional areas? 

M i g h t  e f f e c t s  of s i l t a t i o n  be delayed a t  winter construction s i tes  and noted 
d u r i n g  and/or a f t e r  breakup? 
attempts t o  avoid this d u r i n g  construction. 

i . e .  deposited on spawning beds desp i te  their  

No attempt appears t o  have been made t o  estimate the  potent ia l  quant i ty  of 
the introduced stream bank mater ia l ,  nor t o  measure the  organic and/or 
nu t r ien t  content of these mater ia ls .  

Biota 

The f i s h e r i e s  chapter i s  conspicuous i n  the  complete absence o f  information 
on any o ther  par t  of the  food chain except f i s h ,  i . e .  there  i s  no discussion 
of impacts of construction on other  trophic l eve l s  v i t a l  t o  f i s h  survival 
( l o  producers, inver tebra tes ,  decomposers, e t c . ) .  There i s  no discussion 
of t he  feeding preferences of the  various f i s h  species described. 

Similar ly ,  the e f f e c t s  of  toxic  s p i l l s ,  gas leaks and O2 deprivation r e l a t e  
t o  d i r e c t  e f f e c t s  on f i s h  ra ther  than ind i r ec t  and equally l e tha l  e f f e c t s  
on other  food chain components. 

W i t h  regard t o  the t r ans fe r  of organisms i n  t e s t i n g  water: current  knowledge 
of hydrostatic pressure e f f e c t s  suggests t h a t  a l l  bacter ia  would survive the 
c i t ed  pipe pressures of 1700 P.S.I. 
been surveyed fo r  the occurrence of bacter ia l  fish pathogens? 

Have the various affected water sheds 

I 



1 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

I 
I 
I 
I 
I 

m 

4. 

Pipelaying and Testing 

I t  i s  suggested t h a t ,  i n  the permafrost sec t ion ,  t he  permafrost wil l  be 
discontinuous near and/or under watercourses. 
chances of breakages and leaks near s ens i t i ve  aquat ic  environments? 

Does this increase the  

Three s tudies  a re  quoted which show the e f f e c t  of gas leakage on dissolved 
oxygen and f i s h  survival .  I t  is  pointed out  t h a t  alkane hydrocarbons have 
a h i g h  s o l u b i l i t y  i n  water and this tends t o  exclude oxygen a t  a rapid r a t e  
(8.12). 
will  cause problems i n  the  winter under i ce  cover,  and the  s impl i s t i c  re- 
sponse t h a t  gas will leak through natural  cracks i n  the  stream i ce  is  sone- 
what un rea l i s t i c .  Given the already s t ressed D . O .  conditions under i ce  
cover, such gas leakage m i g h t  be detrimental and s h o u l d  deserve c loser  
ana lys i s ,  pa r t i cu la r ly  w i t h  regard t o  remedial measures. 
ment t h a t  "The probabi l i ty  of gas leakage in to  water courses i s  extremely 

T h i s  m i g h t  n o t  be a ser ious problem i n  t h e  summer b u t  c e r t a in ly  

The simple s t a t e -  

remote", should be questioned. - . -  

The Impact Statement p o i n t s  o u t  t h a t  130,000 l i t r e s  o f  methanol a r e  needed 
t o  dry the  pipel ine a f t e r  testing. Presumably methanol picks up water i n  
the process arid a t  some point the water will have t o  be removed from the  
alcohol o r  the  wet alcohol discarded. I s  t h i s  done by d i s t i l l a t i o n  i n  the 
f ie ld  o r  by other  chemical means, o r  is  new methanol used every few hundred 
kilometers? The method is  not described, and the t ranspor t ,  handling and 
reusing of t h a t  material should be explained i n  g rea te r  d e t a i l .  
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FROM Water Planning & Management Branch 
Inland Waters Directorate 

_I I Pacif ic  & Yukon Region L 

SECURITY-CLASSIFICATION - D€ StCURIT6 

OUR F I L € - N / R $ F ~ R E N C E  

554-30 

t YOUR F I L E - V i R $ F ~ R I t J C E  

DATE 

23 February 1979 I 
SUBJECT Environmental Impact Statement f o r  the Alaska Highway Gas Pipeline Projzct,  

January 1979. Foothi l ls  Pipelines (South Yukon) L t d .  

T h i s  review of the Environmental Impact Statement f o r  the Alaska Highway Gas 
Pipeline is  primarily f o r  s c i e n t i f i c  va l id i ty  and is i n  e f f e c t  a deficiency 
statement t h a t  points out relevant gaps i n  the E.I.S. 
w i t h  the completeness of the E.I.S. i n  describing the e f f e c t s  of the project 
and the focus i s  on the environmental impacts t h a t  the construction operation 
will  have on the water resource. T h i s  review suggests o r  recommends some 
modifications t h a t  would render the project more environmentally acceptable. 
Recommendations f o r  additional data col lect ion o r  monitoring of the construction 
and post-construction phases o f  the project a r e  a l s o  made. 

OBJET 

These comments deal 

In general, the E.I.S. presents a reassuring posit ion t h a t  the select ion o f  
appropriate construction and maintenance techniques along w i t h  the use of 
special  designs will  reduce environmental impacts t o  acceptable levels .  Since 
this pipeline project  has received authorization t o  proceed, conditional upon - 
ce r t a in  s t ipu la ted  requirements being s a t i s f i e d ,  much more emphasis should 
have been directed t o  s i t e  spec i f i c s  and mitigation ra ther  than t o  reassurances. 

I t  now would seem necessary t o  require the Terms and Conditions f o r  construc- 
t ion of the Alaska Highway Gas Pipeline t o  pick u p  some of the outstanding 
deficiences and monitoring reconnnendations. In addi t ion,  g rea te r  use should 
be made of the post-impact studies compiled i n  the  Trans-Alaska Oil Pipeline 
Impact Publications prepared by the J o i n t  State/Federal F i s h  and Wildlife 
Advisory Team, i n  developing the Environmental Terms and Conditions f o r  the 
Alaska Highway Gas Pipeline Construction. 

The attached comments a r e  d i v i d e d  i n to  eight  subject areas.  

V . G .  Bartnik, Head 
Water Impact Assessment Division 

Bartni k :  bhs 
Encl. 
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Cominents on the Environmental Impact Statement fo r  the Alaska Highway 
Gas Pipelin; Pro jec t ,  January 1979. Foothi l ls  Pipelines ( S o u t h  Yukon) L t d .  

- .  . .  

1. Revegetation Program (Erosion Control ) 

The E.I.S. 's  coverage of revegetation programs t o  minimize post construction 
erosion does not provide adequate information nor does i t  c l e a r l y  ou t l ine  
the proposed p l a n s  of revegetation. A firm comrnittment by Footh i l l s  t o  a 
spec i f i c  revegetation program is lacking. 
shown t o  be the major contributing fac tor  t o  the impact of sedimentation 
on watercourses i n  the Alyeska O i l  Pipeline experience. 

The "Actions Available and Planned'' f o r  erosion control (page 
Overview Summary), include the statement t h a t  "upon completion of construc- 
tion, disturbed areas wil l  be revegetated". However, no s p e c i f i c s  a r e  
given as t o  what types o f  revegetation will be undertaken o r  how, i .e. , 
species o f  grasses,  s h r u b s ,  hydro-seeding, e t c .  Even though the  E . I . S .  
reports  t h a t  "studies of revegetation techniques a t  representa t ive  s i t e s  
along the e n t i r e  r i g h t  of way have been under way f o r  two consecutive 
seasons", none of these erosion control techniques o r  t h e i r  scheduling 
a r e  discussed. In f a c t ,  on pages 8-13 of the E.I.S., the qua l i f i ca t ion  
i's made t h a t  "a major appoach t o  l imit ing surface erosion wil l  be a 
program of revegetation on a l l  disturbed areas where vegetat ive cover 
is n o t  expected t o  regenerate natural ly" .  There is  no amplif icat ion of 
Fhere o r  how much of  the disturbed areas a r e  not expected t o  revegetate  
natural ly .  The c r i t e r i a  o f  natural revegetation capabi7ity would appear 
t o  be a poor one s ince time o f  r e s t ab i l i za t ion  of s o i l s  is  by f a r  the 
most c r i t i c a l  fac tor .  However, no information is provided on natural  
regeneration time f o r  vegetation along the pipel ine route. 

Lack of erosion control was 

2-45 of the 

In view of the importance of erosion control i n  protect ing the water 
resources, assurances of revegetation should be accompanied by f i rm 
committments t o  spec i f i ca l ly  outlined and scheduled programs. 
the E.I.S. i d e n t i f i e s  no such a c t i v i t y  i n  the construction schedule 
shown (see  F i g .  4.1-1). 

Current ly ,  

2. Sedimentation Impacts 

The extent  and seriousness of potential  impacts of sediment loadings t o  
streams from construction a c t i v i t i e s  and  subsequent erosion a r e  somewhat 
underestimated i n  the E.I.S. In assessing the e f f e c t s  of s i l t a t i o n ,  the 
E. I .S .  s t a t e s  t h a t  "adverse e f f e c t s  on f ishery resources and supportive 
food webs will be r e s t r i c t ed  t o  areas near crossing s i t e s  and t o  a . 

short  period during and immediately following construction a c t i v i t i e s "  
(page . 2-33) .  
were i n  cer ta in  cases v i s ib l e  20 t o  30 miles downstream from construct ion 

However, i n  the Alyeska Pi pel i ne experi ence sediment p l  limes 

.~. .. . . . . . . . . . . . . ... . .. ._ -_..._ - .. . . . .--. - -  
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In the normal course of events, a s  the f reshe t  passes,  the a v a i l a b i l i t y  
of t ransportable  sediment decreases rapidly and  i n  r i v e r  reaches where 
the  scour act ion is  g rea t ,  the  bed is  l e f t  r e l a t ive ly  f r e e  of f i n e  sed- 
iments and the water becomes r e l a t ive ly  c lear .  
considered t o  be an  essent ia l  cha rac t e r i s t i c  of r i v e r s  i n  which the  best  
spawning grounds a r e  located.  However, i f  t h i s  normal pa t te rn  is  a l t e r e d  
by the a r t i f i c i a l  introduction of sediment d u r i n g  the period of declining 
discharge ( i . e . ,  the period when most r i ve r s  a r e  scheduled t o  be  crossed) 
when such sediments would not normally be ava i lab le  t o  the  r i v e r ,  depos- 
i t i o n  of sediment wil l  take place i n  the i n t e r s t i c e s  of the bed mater ia l s .  
Such sedimentation impacts would c l ea r ly  a f f e c t  fa1 1 spawning populations 
of f i s h  and overwintering eggs. 

This a n n u a l  cycle  i s  

s i t e s  aqd l a t e n t  erosion during subsequent f r e she t s  was a se r ious  problem. 
The treatment of the potential  sedimentation impacts, pa r t i cu la r ly  on 
aquatic h a b i t a t s  ,-should therefore  n o t  be t reated too l i g h t l y .  
ra t iona le  t h a t  because "endemic aquatic biota a re  adapted t o  per iodic  
h i g h  suspended sediment loads, most po ten t ia l ly  adverse impacts wi71 
involve short-term s t resses"  presupposes t h a t  long term o r  permanent 
damage t o  spawning s i t e s  wil l  not occur "since normal scour d u r i n g  the 
subsequent f reshe t  wil l  remove f ines  from the gravel areas (page 8-9).  

The 

Although only a portion of the 146 streams ac tua l ly  crossed support f 
a t  scheduled crossing times, p o s t  construction impacts m u s t  be taken 
account and a l so  impacts on f i s h  food organisms. 

s h  
nto 

The e f f e c t s  of sediment deposition upon developing f i s h  eggs, juveni le  
f i shes  and mayo-invertebrate food species (Cordone and Kelly, 1961; 
Gammon, 1970) has  been amply studied. D u r i n g  i n s t a l l a t i o n  of  the 
Alyeska Pipeline beneath the Salcha River i n  1976 an estimated 1,177 
tons of construct ion-related segiment were introduced i n t o  the r i v e r  
(Francisco and Dinneford, 1977) . This material can smother pre-emergent 
f i shes  and induce invertebrates  t o  move from af fec ted  portions o f  water- 
ways. The biological data col lected a t  the Salcha River s i t e  i n f e r s  t h a t  
the  percentage of spawners beloiv the pipel ine crossing s i t e  f e l l  consid- 
erably due t o  this construction-related sediment deposit ion.  

Consequently, a s  discussed i n  Item 1 above, measures t o  minimize erosion 
( i .e . ,  revegetation programs, bank protection, e t c . )  is perhaps the 
single.  most important m i t i g a t i n g  measure t o  which Footh i l l s  should be 
firmly committed. 

1. Cordone, Almo J. a n d  Don 14. Kelly, 1961. The Influences of Inorganic 

The Effect of Inorganic Sediiiient on Stream Biota. 

Sediment on the Aquatic Life of Streams. Cal i fornia  Department 
of F i s h  and Game, 1961 pp  189-220. 

Hater Quality Office of the Environmental Protect ion Agency. 
December 1970. 

2. Francisco, K i m  and GI. Bruce Dinneford 1977. T h i r d  Interim Report of the 
Conimerical F i s h  Technical Evaluation Study. J o i n t  State/Federal  
Fish and  bl i ldl i fe  Advisory Team. 

Gammon, J.R. 1970. 
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I 3. . Monitoring. 

Although the construction along 'K:P. 0-177 i s  scheduled f o r  winter and  
the scheduling ' i t s e l f  i s  considered by Foothi l ls  a s  a mit igat ion f o r  
erosion impacts, post construction monitoring i s  not included i n  Footh i l l s  
schedule p l a n .  As mentioned e a r l i e r ,  l a t e n t  erosion was a problem follow- 
i n g  construction of the Alyeska pipeline.  

A committment t o  post-construction monitoring, should be made by Footh i l l s  
and should be ident i f ied  i n  t h e i r  schedule plan. 
monitoring program including inspection of r i v e r  crossing s i t e s  along the 
entire alignment, par t icu lar ly  d u r i n g  subsequent f r e s h e t s ,  would a1lor.r 
erosion t o  be ident i f ied  and remedial act ions t o  be taken by Footh i l l s .  

W i t h  respect t o  monitoring f o r  toxic  substances such a s  o i l s ,  gasoline 
and diesel  fue l s ,  e t c . ,  the following aspect should be considered. 
water qua l i ty  c r i t e r i a  i n  the  Terms and Conditions requiring t h a t  no 
v i s ib l e  o i l  sheen be allowed t o  occur on watercourses i s  meaninqless 

I 
I 
I . *  

I 
A post-construction 

A 

1 
since monitoring f o r  such a condition is  impossible d u r i n g  i c e  cover 
condi t i  ons . 
The Alyeska Pipeline experience found t h a t  monitoring of tox ic  substances 
was n o t  possible i n  winter under i c e  cond i t ions  when o i l s  and other  
s p i l l e d  l i q u i d s  reached watercourses a f t e r  sa tura t ing  work pads and 
entering watercourses under i ce  cover. 
such impacts this major recommendation s h o u l d  be an establ ished dis tance 
from any watercourse f o r  areas where chronic sp i l l age  may occur. 
t o  the Alyeska Pipeline recommended 1500 f e e t  a s  the  m i n i m u m  dis tance.  

To protect  watercourses from 

Advisors 

4. Small Stream Hydrology. I 
1 
1 
I 

The E . I . S .  reassures t h a t  cu lver t  systems will be of "adequate capacity" 
(p. 2-30). However, no information is provided on hydrology which 
iou ld  ind ica te  t h a t  s i z i n g  of cu lver t s  wil l  be sa t i s f ac to ry .  Nhere 
discharge channels include cu lver t s  p a s s i n g  under pipe1 ine  which is 
bur i ed  i n  a granular embankment (p .  4-39),  capacity would be c r i t i c a l .  
Washouts of such cu lver t s  under pipel ine could r i s k  pipe rupture and 
o ther  re la ted  e f f ec t s .  In the  Alyeska pipeline experience the force 
o f  s p r i n g  run-off caused perpendicular cuts  t o  the work pad when drainage 
s t ruc tures  were in su f f i c i en t .  

A more de ta i led  coverage of the deficiency of t h i s  subjec t  area will be 
provided by N .  Lyons and  P. S t r i l a e f f .  Their review will a l s o  undoubtedly 
include some recommendations. 

5.  Borrow P i t s .  

A l t h o u g h  the borrow requirements a r e  estimated t o  be 2,592,800 cu. yds. ,  
the E.I.S. s t a t e s  t h a t  the required quant i t ies  wil l  be determined d u r i n g  

I 
I 
I 
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t he  f i n a l  design process. Similar ly ,  the E.I.S. s ta te  t h a t  a t  the  time 
o f  writ ing borrow p i t  locat ions have not been se lec ted .  

For the  construction of the Alyeska pipel ine,  gravel borrow was estimated 
t o  be 30 mill ion cu. yds,  b u t  proved t o  be a gross underestimation, 
higher demand was a t t r i b u t a b l e  in  pa r t  t o  the sh i f t  from b u r i e d  t o  e levated 
i n s t a l l a t i o n .  

T h e  

In the E.I.S. t he  curves i n  F i g  4.2-24 page 4-30 demonstrate t h a t  very 
la rge  amounts o f  insu la t ion  and granular material would be required i n  
those places where the f r o s t  heave was t o  be kept within t o l e r a b l e  limits. 
Should the use o f  the  granular embankment design be more ex tens ive  than 
an t ic ipa ted ,  borrow requirements would increase proport ionately.  T h i s  
poss ib i l i t y  linked w i t h  the an t ic ipa ted  need of 9,000,000 cu. yds.  f o r  the 
Shakwak Highway pro jec t  could s t r e s s  granular material  s u p p l i e s  w i t h  
increased amounts being removed from floodplains.  The E.I.S. notes  t h a t  
while i t  is  an t ic ipa ted  t h a t  most borrow wi l l  be obtained from upland 
s i tes ,  stream f loodplains  may occasionally be used (p.  4-47).  As soon a s  
possible ,  borrow p i t  loca t ions ,  along w i t h  a p r io r i za t ion  l i s t i n g ,  should 
be provided t o  allow sound management decisions on minimizing impacts 
from borrow opera t i ons . 

. 

With  respect  t o  borrow operations i n  f loodplains ,  the  E.I.S. s t a t e s  t h a t  
temporary dykes will be constructed where necessary i n  o rder  t o  prevent 
small sub-channels from flowing through areas  b e i n g  mined, "these dykes 
will be removed upon completion of the  m i n i n g  operation? (page 4-49). 
D u r i n g  -such f loodplain borrow operations,  the borrow s i tes  should not  
be excavated below the river bed such t h a t  the resulting p i t s  would not  
t r a p  fish d u r i n g '  receding water leve ls .  Such a requirement should a l s o  
be included i n  the terms and conditions of construct ion.  

6. Mitigation. 

The E . I . S .  f a i l s  t o  provide adequate d e t a i l s  of mi t iga t ion  proposed a t  those 
locat ions along the  route  where impacts a r e  iden t i f i ed .  
E . I . S .  i d e n t i f i e s  direct  in te r fe rence  w i t h  f i s h  migration a t  s i x  watercourses. 
However, no ser ious consideration is given t o  mit igat ing measures o r  their  
d e t a i l s .  

A t  numerous places i n  the  E.I .S.  mit igat ing measures a r e  r e fe r r ed  t o  b u t  
a r e  never f u l l y  described. 
measures" which wi l l  be taken t o  prevent accidental  
d e t a i l s  a r e  given. 

For example, the 

Elevated crossings a r e  not even suggested a s  a p o s s i b i l i t y .  

On page 2-31 reference is  made t o  "o ther  
spi l ls  b u t  no fur ther  

Two construct ion methods used during the  construct ion of the Alyeska P ipe l ine  
t o  mi t iga te  erosion impacts a t  r i v e r  crossings have n o t  been i d e n t i f i e d  i n  
the E . I . S .  under  the  subject  o f  mitigat ion.  One i s  with respec t  t o  small 
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stream vrossings and involves confining small streams in  a closed pipe 
while excavating and laying the pipeline under the temporary pipe con- 
t a i n i n g  the stream flow. 
Pipeline b u t  not given consideration i n  the E.I.S.  i s  the use of temporary 
bridges a t  stream crossings t o  minimize vehicular damage t o  the t e r r a i n  
a t  stream crossings. 

Pipeline R i g h t  of Way. 

On page 26 of the E.I.S.  the R i g h t  of Nay i s  shown a s  being 40 m. i n  
w i d t h  w i t h  increased w o r k i n g  area required a t  r i ve r  crossings.  
i f i c a t i o n  is given f o r  the chosen 40 m.  clearing width nor the increase 
a t  r i v e r  crossings.  The Alyeska pipeline required an  a c t i v e  pipel ine 
R i g h t  of Way of 54 f e e t  (approximately 20 m.) w i t h  allowances of u p  t o  
200 f e e t  (approximately 70 m . )  when construction width requirement could 
be j u s t i f i e d .  D u r i n g  the construction of Alyeska i t  was a l s o  found t h a t  
the  work pad could be'narrowed from the 54 foot  allovance t o  15 f e e t  a t  
stream crossings.  

Another mitigating measure used in  the Alyeska 

No just-  

Reductions i n ,  the amount o f  vegetation clear ing and ground disturbance 
can minimize potential  impacts. 
requirement would be appropriate. 

More discussion of the r i g h t  of way 

Biochemical Oxygen Demand and Oxygen Depletion Impacts. 

The E . I . S .  coverage of concerns related t o  d i r e c t  interference w i t h  over- 
wintering f i s h ,  item 8.1.2.3. page 8.8, does not ident i fy  oxygen depletion 
as  a s ign i f i can t  potent ia l  impact. On page 2-33, i t  i s  acknowledged t h a t  
increased biochemical oxygen demand is expected t o  r e s u l t  from increasing 
sediment l o a d s  b u t  the E.I.S. goes on t o  dismiss this  potent ia l  impact a s  
n o t  b e i n g  expected t o  have s ign i f i can t  e f f e c t s ,  even irriinediately below 
crossing points.  
and no s tudies  a r e  proposed. 

No data o r  substant ia t ion is given f o r  this  conclusion 

The information col lected by Inland Naters Directorate 's  Water Quality 
Branch has suggested t h a t  oxygen depletion should be a se r ious  concern 
pa r t i cu la r ly  under winter conditions.  Since a l l  three sect ions of the 
pipel ine route scheduled fo r  winter construction involve the  Yukon River 
Bas in ,  known t o  experience low dissclved oxygen leve ls  under i c e ,  f u r t h e r  
information and mitigation would appear t o  be necessary. 

In addition t o  increased B.O.D. from organic sediment l o a d i n g s ,  the  risk 
of oxygen depletion from g a s  leaks i s  a l so  t rea ted  by the E.I.S. a s  being 
ins igni f icant .  
oxygen leve ls  (page 2-34). 
oxygen level would depend on the r a t e  a n d  volume o f  g a s  leakage, a t t en t ion  
is  drawn to  the planned mainline block valves a s  shown in  Fig. 4.1-3. 

The release of natural  gas  under water does lower dissolved 
Since the s p a t i a l  extent  of t h i s  decrease i n  

As 



I 
I 
I 
I 
I 
1 
I 
I 
1 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

- 6 -  

a measure of s a fe ty ,  the question i s  raised a s  t o  whether block valves 
should be located immediately on e i t h e r  s ide  of major river o r  lake crossings 
where pipel ine leaks o r  ruptures could cause oxygen depletion impacts. 

For example, presently the block valves on each s ide  of t h e  crossings of t he  
White and Donjek Rivers a re  approximately 45 km apar t .  
a t  these buried r i v e r  crossings,  the e n t i r e  volume of gas between the valves 
could enter the water. 
o r  emerging i n  these r ive r s  they would be suscept ible  t o  the decreased oxygen 
l eve l s  occurring i n  the v i c in i ty  of t he  pipel ine leak.  Further consideration 
should be given t o  the location of mainline block valves. 

Should leaks occur 

Dur ing  those seasons when fish a r e  migrating, spawning 

S t i l l  on the subject  of the Kluane Lake crossing,  on page 6-159 of the  E.I.S.  
reference i s  made t o  reports  t h a t  Lake Trou t  spawn near t he  m o u t h  of Congdon 
Creek. However, no proposals f o r  ver i f ica t ion  of this information a re  made 
and Map 6.5-2 which i d e n t i f i e s  areas  of importance t o  selected fish hab i t a t  
near the Alaska Highway Gas Pipeline route f a i l s  t o  show Lake Trout spawning 
areas  anywhere near the  Kluane Lake crossing. 

Since the present alignment crosses Kluane Lake near Congdon Creek, consider- 
a t ion  should be given t o  potential  impacts of the crossing t o  probable l a k e  
shore spawning and rear ing a reas .  The documented impacts of sedimentation 
d u r i n g  the Alyeska project  referred t o  e a r l i e r  once again emphasize the 
importance of  m i t i g a t i o n .  

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

In order t o  put the preceding comments in to  perspective wi th ' the i r  i n t en t ,  i t  i s  
suggested t h a t  the covering l e t t e r  be read once again. 

23 February 1979 



I 
I 
I 
I 
1 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
1 
I 

I 
i 

APPENDIX C 



Id* 
I 
I' 
I' 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

APPENDIX C 

-1- 

I c i n g  Reconnaissance- 

Klondike and Dempster Highways 

and suggested p i p e l i n e  r o u t e s ,  between 

Whitehorse, Y.T. and Inuvik,  N.W.T., 

A p r i l  2 5  - 28, 1978. 

R. 0. van Everdingen 

Hydrology Research Div i s ion  

Environment Canada 

Calgary, A lbe r t a  

May, 1978 

. . .  . . .... ~ ,. ... . .. . . , . . . . . . 
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I c i n g  Reconnaissance - Klondike and Dempster 

Highways and suggested p i p e l i n e  r o u t e s  between 

Whitehorse, Y.T. and Inuvik,  N.W.T., Apr i l  25 - 28, 1978. 

In t roduc t ion  

During t h e  last week of  A p r i l  1978, t h e  w r i t e r  accompanied 

M r .  R. 0. Lyons (Water Planning and Management Branch, Vancouver) 

on a reconnaissance  t r i p  a long t h e  Kiondike and Dempster Highways 

(Yukon and Northwest T e r r i t o r i e s ) .  

l o c a t e  a r e a s  where groundwater can b e  expected t o  p r e s e n t  t e c h n i c a l  

The purpose of t h e  t r i p  w a s  t o  

and/or environmental  problems i n  connect ion with t h e  c o n s t r u c t i o n  

and ope ra t ion  of a c h i l l e d - g a s  p i p e l i n e .  

was concent ra ted  a long  t h e  t w o  highway r o u t e s  fol lowed by t h e  

suggested p i p e l i n e  r o u t e  from the Mackenzie Delta t o  Whitehorse; 

t h r e e  l a r g e  d e v i a t i o n s  of t h e  p i p e l i n e  r o u t e  (between Blackstone 

The reconnaissance  survey 

River and O g i l v i e  River ;  ac ross  t h e  Eagle P l a i n ;  and between F o r t  

McPherson and Inuvik)  were a l s o  surveyed. 

The schedu le  of t h e  reconnaissance t r i p  w a s :  

Apr i l  25 - Whitehorse t o  Dawson City, by car; 

Apri l  26 - Dawson Ci ty  t o  Inuvik,  by h e l i c o p t e r ;  

Apr i l  27 - Inuvik t o  Dawson City,  by h e l i c o p t e r ;  
< .  

Apri l  28 - Dawson Ci ty  t o  Whitehorse, by c a r .  

Snowmelt w a s  w e l l  advanced i n  t h e  southern  

j u s t  s t a r t i n g  i n  t h e  O g i l v i e  Mount-ains. N e w  snow 

Yukon b u t  only 

n t h e  n o r t h e r n  

po r t ion  of  t h e  survey  a r e a  was l i g h t  and d i d  n o t  p r e s e n t  any problems 

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

. .  
I .  
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A l ' l  i c i n g s  observed were p l o t t e d  on 1:250,000 s c a l e  maps 

which a r e  a v a i l a b l e  f o r  i n s p e c t i o n  i n  t h e  Calgary o f f i c e  of t h e  

Hydrology Research Divis ion of Environment Canada, a t  4616 Va l i an t  

Drive N.W. ( t e l ephone  (403) -288-0550). A summary of t h e  o b s e r v a t i o n s  

i s  p resen ted  below. 

Kloildike Highway, Whitehorse t o  Dawson C i t y  

Small  i c i n g s  were observed i n  s e v e r a l  small c reeks  c ros sed  by 

t h e  highway. Only one o f  t h e s e  a p p a r e n t l y  p re sen ted  a problem t o  t h e  

highway; b u r l a p  b a r r i e r s  and a burn ing  b a r r e l  t e s t i f i e d  t o  a t t empt s  

a t  c o n t r o l  of t h e  i c i n g ,  t o  keep t h e  c u l v e r t  open and  t h e  i c e  o f f . t h e  

highway. A t  t h e  t ime of  obse rva t ion ,  snowmelt was well advanced, and 

t h e  creek was f lowing through t h e  c u l v e r t  wi thout  problem. 

Seve ra l  c r eeks  (a.0. F l a t  Creek and NcCabe Creek) showed under-  

b r i d g e  i c i n g s ,  w i th  t h e  c reeks  flowing over  t h e  ice; do:mstream from 

t h e  b r i d g e s  t h e  wa te r  was channel ing  along t h e  banks, having c u t  channels  

a long t h e  edges o f  t h e  i c i n g s .  

North Klondike River  and Blackstone River  

I c i n g s  are widespread i n  th-e channel of  t h e  North Klondike River;  

on ly  i n  two p l a c e s  were smal l  i c i n g s  observed some d i s t a n c e  above t h e  

v a l l e y  bottom (and u p h i l l  from t h e  highway). A l a r g e  i c i n g ( 2  km long)  

was p r e s e n t ,  zs expected from a i r p h o t o s ,  i n  t h e  b i g  bend of t h e  North 

Klondike River .  I c i n g s  were almost cont inuous i n  t h e  N .  t r i b u t a r y  o f  

North Klondike River. 

.... . . I.. , . ._,, . . .- . _. ,...._.._ .- . - .,. . * .  ., -., . .  
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The a r e a  immediately n o r t h  o f  North Fork Pass shosed e x t e n s i v e  

i c i n g s ,  a t  l e a s t  two of  which a r e  f e d  by groundwater d i s c h a r g i n g  from 

j u s t  below t h e  high!.:ay grade.  Some frostmounds are p r e s e n t  i n  t h e  low‘ 

p a r t  of t h e  v a l l e y .  I c i n g  is  ex tens ive  i n  t h e  upper 5 km o f  t h e  East 

Blackstone River .  

up t o  1 .5  km west of t h e  r i v e r .  

Groundwater-fed i c i n g s  were p r e s e n t  i n  a few p l a c e s  

A l a r g e  i c i n g  ( 6 km long) was p r e s e n t  below t h e  conf luence  

of  t h e  Blacks tone  and East Blackstone Rivers .  I c i n g  was i n t e r m i t t e n t  

b u t  f a i r l y  e x t e n s i v e  a long  Blackstone River  as far down as t h e  p o i n t  

where t h e  sugges t ed  p i p e l i n e  r o u t e  t u r n s  west t o  r e j o i n  the Dempster 

Highway. 

Og i lv i e  River  

No i c i n g s  were found i n  t h e  pass through which t h e  highway 

passes  from t h e  Blackstone River  t o  a t r i b u t a r y  o f  t h e  O g i l v i e  River .  

I c i n g s  were p r e s e n t  f a r t h e r  downstream along t h e  t r i b u t a r y  o f  O g i l v i e  

River; 

highway. 

a l l  had e x t e n s i v e  i c i n g s  downstream. I c i n g  was a l s o  p r e s e n t  i n  

i n  s e v e r a l  p l a c e s  i c i n g  was found on t h e  u p h i l l  s i d e  of  t h e  

Reaches of groundwater-fed open water i n  t h e  O g i l v i e  River  

s e v e r a l  t r i b u t a r i e s  

of t h e  highway. 

Eagle  P l a i n  t o  Rich 

and i n  some p l a c e s  i c i n g  was found on bo th  s i d e s  

rdson Mountains 

Both t h e  highway r o u t e  and t h e  sugges ted  p i p e l i n e  r o u t e  a c r o s s  

t h e  Eagle  P l a i n  show very  l i t t l e  s i g n  of groundwater d i s c h a r g e  o r  
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i c i n g s .  

p i p e l i n e  c ros s ing  (PLC) of Eagle  River  and a t  t h e  Eagle  River  Bridge 

Minor evidcnce of i c i n g  was found bo th  a t  t h e  sugges ted  

on t h e  Dempster Highway. 

The sugges ted  p i p e l i n e  r o u t e  c r o s s e s  one unnamed t r i b u t a r y  

o f  Ezgle  River  a t  t h e  l o c a t i o n  of an obvious s p r i n g  wi th  ex tens ive  

a s s o c i a t e d  i c i n g .  I c i n g  Lias a l s o  observed a t  t h e  Rock River  PLC, 

over  a r each  o f  about 7 km, and a t  t h e  PLC of an unnamed t r i b u t a r y  

o f  Rock River ,  ove r  a reach  of  a t  least  11 km. 

Extens ive  i c i n g s  were p r e s e n t  i n  s e v e r a l  o f  t h e  west f lowing 

c reeks  c ros sed  by t h e  Dempster Highway along t h e  west  f l a n k  of t h e  

Richardson Mountains. 
. .  

A l l  t h e s e  i c i n g s  appear  t o  be f e d  by ground- 

wz te r  from sources  some d i s t a n c e  upstream from t h e  highway. 

Richardson Mountains t o  Peel River 

The pass  through t h e  Richardson Mountains, from t h e  Rock River  

d ra inage  i n t o  t h e  Vi t t rekwa River  dra inage-  and thence  on to  t h e  d i v i d e  

between Stony Creek and Vit t rekwa River  shows s i g n i f i c a n t  problems wi th  

groundwater-fed i c i n g s .  I c i n g s  were p r e s e n t  i n  most o f  t h e  t r i b u t a r i e s  

of  Vit t rekwa River ,  e i t h e r  above o r  below t h e  highway or bo th .  A l a r g e  

i c i n g  was p r e s e n t  i n  t h e  main t r i b u t a r y  of t h e  Vi t t rekwa a t  t h e  highway 

c ross ing  on t h e  east edge of NTS 116P. 

groundwater appa ren t ly  encroach on t h e  highway from both  s i d e s  i n  t h e  

nar rowes t  p o r t i o n  of  t h e  p a s s .  

t h e  t r i b u t a r y  v a l l e y s  n o r t h  of  t h e  highway. 

I c i n g s  f e d  by d i scha rg ing  

I c i n g s  extend cons ide rab ly  h i g h e r  up 

A d e t a i l e d  s t u d y  o f  t h e  groundwater d i s c h a r g e  and the format ion  

of a s s o c i a t e d  i c i n g s  may b e  r e q u i r e d  i n  t h i s  a r e a  t o  enable  s e l e c t i o n  

of  t h e  most s u i t a b l e  r o u t i n g  f o r  a p i p e l i n e .  
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. .  
. .  

No i c i n g s  were found along t h e  highway r o u t e  b 
- .  . 

. .  . . .  . 

_ .  

and t h e  Peel  River .  

Peel River  t o  Inuvik 

An e x t e n s i v e  i c i n g  occurrence  about 6 km e a s t  of For t  McPherson, 
. -  

which o r i g i n a l l y  developed as a r e s u l t  of highway c o n s t r u c t i o n ,  has 
( I '  

been p a r t l y  c o n t r o l l e d  by cons t ruc t ion  o f  a second emb 

d i s t ance .  "upstream" of t h e  highway. Another i c i n g  occ 
. .  ..... 

. found on bo th  s i d e s  of t h e  highway i n  t h e . d r a i n a g e '  chan 
. . . . . . . . . . . . . .  ..:_ .i . 1 ......... i.. ....... ",s:.:,?.;n . . . . . . . .  .. . -  two lakes:,.'about 18 km east  of For t  McPherson, :. . f .. i;.c-.-.~-:c:. 

~. . .  
. .  

. . . . . . . .  

. .  
. -  

.......... " .... .... 
. . .  . . . .  . .  _. . 

. .  

. . I  

......... .". . 
, . , ,  I c ings .  were, found a t  t h e  suggested PLC's on one small .unname 
. . . . . . .  . . . . .  . I .  . -. ., , 

t r i b u t a r y  and on a i n  stem of  Frog Creek; a t  
. . .  ~- I 

.. Rengleng River;  .- and-.on two unnamed creeks  between Rengleng Riv 
. .  . . . .  . . . . . . . .  . .  . . . .  . . . .  , . - ..I ,.. 

1. . I t  i s  l i k e l y ,  t h a t  groundwater w i l l  p r e s e n t  bo 
1 .  

' environmental  problems i onnect ion wi th  bo th  '. 

opera t ion '  o f  a c h i l l e d - g a s  p i p e l i n e ,  a t  a'numbe 

along t h e  sugges ted  Dempster Highway - Klo 
. . -. . . . . . . . .  

. .  . .  

. . . . . . . .  
' ' and Caribou Creek:. 

. . . . .  . . . . . . . . . . .  . .  ~ . -. 

. .  . .  . . - .  

. . . . .  

. .  

r o u t  e .  
. .  

".: . .  

2. Most of t h e  p o t e n t i a l  groundwater problems w i l l  b 

wi th  t h e  P L C ' s  of s t reams,  both l a r g e  and small, i n  
. . .  

occur  under  n a t u r a l  cond i t ions .  

- 
. . . . . . .  

. . .  . . .  . _  . .  . .  

, .  

3.  Some problems (groundwater d i scharge ;  i c i n g )  can 
-+-..--Im-- : 

some h i l l s i d e  l o c a t i o n s  along t h e  North Klondike, '  Blackstone and . 
., . - .  

Ogi l v i e  

..-_- ................... .Y__"^*_ri.- 

Rivers  i n  t h e  Og i lv i e  Mountain 

..... . . .  .-._..-I .^,_..,______._. ". _. . 
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I 
4 .  S i g n i f i c a n t  problems ( i c i n g ;  f r o s t  heave) can b e  expected i n  t h e  

North Fork Pass a r e a .  

i 
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5 .  Ser ious  problems ( i c ings ;  f r o s t  heave)-may be  encountered i n  t h e  

p o r t i o n  of t h e  r o u t e  t h a t  c ros ses  t h e  Richardson ?.fountains. 

6 .  I c i n g  and f r o s t - h e a v e  problems may a l s o  be  encountered along t h e  

r o u t e  between For t  McPherson and Inuvik,  wherever poor ly  de f ined  

s u r f a c e  and subsu r face  d ra inage  channels  a r e  c ros sed .  

I:%erever t h e  sugges ted  p i p e l i n e  r o u t e  fo l lows  h igh  o r  w e l l  d ra ined  

ground ( p o r t i o n s  o f  t h e  Klondike Highway r o u t e ;  Eagle  P l a i n ;  

Richardson Fltns. t o  Peel River) groundwater problems w i l l  b e  

7. 

minimal o r  a b s e n t .  

I 
.. . ._ - . , . 

1 .. . _ _  . . -  . . . .  
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Springs, Seepage Areas, Open-water Reaches and Icings, 

Alaska Highway Pipeline Route, ! 

Watson Lake, Y.T. to Alaska Border, 

April, 1978. 

(Notes to accompany route maps, scale 1:50,000) 
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Sp r ings ,  Seepage Areas, Open-Water Reaches and Ic ings ,  

Alaska Highway P i p e l i n e  Route, 

: .  

Watson Lake, Y.  T. t o  Alaska Border, 

Apr i l ,  1978. 

(Notes t o  accompany r o u t e  maps, scale 1:50,000) 

by 

R. 0. van Everdingen 

. In t roduc t ion  

Color  a i rpho tos , t aken  between Apr i l  5 and A p r i l  16, 1978, 

a long t h e  Alaska Highway p i p e l i n e  r o u t e  f o r  F o o t h i l l s  Pipe Lines  

(South Yukon) Ltd.,were obtained on loan from In land  Waters 

D i r e c t o r a t e ,  Vancouver, B.C. Springs,  seepage areas, open-water 

reaches  and i c i n g s ,  v i s i b l e  on t h e  a i rpho tos ,  were p l o t t e d  on 33 

r o u t e  maps (scale 1:50,000) covering t h e  p i p e l i n e  r o u t e  from 

Watson Lake, Y.T. t o  t h e  Alaska border .  

by F o o t h i l l s  P ipe  Lines (South Yukon) Ltd. 

p a r t l y  covered by t h e  above a i rpho tos ;  

covered a t  a l l .  

The maps were supp l i ed  

Sheet  no. 1 4 A  was on ly  

s h e e t  no. 1 5 A  was n o t  

Most o f  t h e  informat ion  marked on t h e  maps i s  se l f - exp lana to ry  

and few d e t a i l e d  comments can be added a t  t h i s  t ime. 

o r  green arrows are marked on t h e  maps they  i n d i c a t e  t h a t  t h e  

cond i t ion  shown ( i c i n g  o r  open water)  con t inues  o f f  t h e  edge of 

e i t h e r  t h e  map or  t h e  a i rpho tos .  

Where r ed  

I 
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Spr ings  

Spr ings  v i s i b l e  on t h e  a i r p h o t o s  were presumed t o  be 

p e r e n n i a l .  I n  most c a s e s ,  t h e i r  s e t t i n g  and t h e  presence  of  

open water  downstream from t h e  s p r i n g  s i t e s  l e f t  l i t t l e  doubt 

about t h i s .  Add i t iona l  s p r i n g s  may e x i s t  i n  a number o f  p l a c e s  

a long t h e  r o u t e ;  i f  they  do, t hen  t h e i r  d i s c h a r g e  i s  

i n s u f f i c i e n t  t o  main ta in  open water  v i s i b l e  a t  t h e  s c a l e  o f  t h e  

a i r p h o t o s .  Some of t h e  s p r i n g  a r e a s  warran t  s p e c i a l  mention. 

A t  least  23 s p r i n g  l o c a t i o n s  have been p l o t t e d  i n  t h e  

d ra inage  area of Mir ror  Creek and Snag Creek (Sheet  no. 1 ) .  The 

a r e a  i s  u n d e r l a i n  by s t r a t i f i e d  g l a c i o l a c u s t r i n e  m a t e r i a l s  ( s i l t  

wi th  sand and c l a y )  , w i t h  o r  wi thout  a cover  o f  p e a t .  Where 

f rozen ,  t h e s e  m a t e r i a l s  a r e  o f t e n  i c e - r i c h  and t h e y  could be 

thaw-sens i t i ve ;  p o r t i o n s  of t h e  area wi th  a c t i v e  groundwater 

d i scha rge  could be f r o s t - s e n s i t i v e .  

Seve ra l  s p r i n g s  were noted  i n  t h e  v a l l e y  o f  Sanpete  Creek 

some d i s t a n c e  downstream from t h e  proposed p i p e l i n e  c r o s s i n g  

(Sheet no. 3 ) ,  l o c a t e d  on outwash g r a v e l ,  sand and s i l t .  These 

m a t e r i a l s  are l i k e l y  water  bea r ing  a t  t h e  p i p e l i n e  c r o s s i n g ;  it 

i s  l e s s  l i k e l y  t h a t  t h e y  are f r o s t - o r  t haw-sens i t i ve .  

Spr ings  a r e  p r e s e n t  i n  an a r e a  of  f o s s i l  f l o o d  p l a i n  o f  

Khi te  River ,  n e a r  t h e  confluence wi th  Koidern River  (Sheet  no. 3 ) .  

This  i n d i c a t e s  t h a t  t h e  g r a v e l ,  sand and s i l t  i n  bo th  a c t i v e  and 

f o s s i l  f l ood  plainsmay be water  bea r ing .  Spr ings  are also 

d i scha rg ing  from a l l u v i a l  f a n  d e p o s i t s  o f  Donjek River  downstream 
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from t h e  p i p e l i n e  c r o s s i n g  (Sheet no. 7 ) .  

A t  l e a s t  two s i z e a b l e  p e r e n n i e l  s p r i n g s  are d i s c h a r g i n g  f r o m '  

t h e  base  of t h e  g l a c i o f l u v i a l  o r  g l a c i o l a c u s t r i n e  t e r r a c e  on t h e  * 

e a s t  s i d e  of  t h e  v a l l e y  of Swif t  River ,  j u s t  west of t h e  P ine  

Lake a i r s t r i p  (Sheet no. 25).  I t  i s  probable  t h a t  t h e  s p r i n g s  

are f e d ,  a t  l e a s t  i n  p a r t ,  by seepage of  water  from Rancheria 

River  on t h e  east s i d e  of t h e  a i r s t r i p ,  about  700 m e a s t  o f  t h e  

s p r i n g s  and approximately 37 m h ighe r  i n  e l e v a t i o n .  There i s  

some evidence  of p rogres s ive  f a i l u r e  of t h e  t e r r a c e  edge a t  t h e  

s p r i n g  s i t e ,  by p ip ing .  Eventua l ly  t h i s  will l ead  t o  t h e  c a p t u r e  

o f  t h e  headwaters  of Rancheria River  above t h e  a i r s t r i p  (d ra inage  

a r e a  about  680 km ) 2 by S w i f t  River  (drainage area above t h e  

2 
s p r i n g s  about  170 km ). 

dra inage  a r e a  of  Swift  River a t  t h e  s p r i n g  si te t o  f i v e  times its 

p r e s e n t  s i ze  would p resen t  problems a t  t h e  Alzska Highway 

The r e s u l t i n g  i n c r e a s e  i n  t h e  effect ive 

c r o s s i n g  and l i k e l y  a l s o  a t  t h e  proposed p i p e l i n e  c r o s s i n g .  

No d a t a  on d i scha rge  r a t e s  o r  water chemis t ry  are a v a i l a b l e  

f o r  any o f  t h e  s p r i n g s  a t  t h i s  t ime.  

Seepage Areas.  

Areas wi th  broyn-colored snow and a r e a s  where i c i n g s  a r e  

p r e s e n t  a long  t h e  edges of small  ponds and l a k e s  have been marked 

on a number o f  t h e  map shee t s .  I t  i s  l i k e l y  t h a t  t h e s e  phenomena 

a r e  caused by seepage of  groundwater. 

. .  -. . . - - ,  . . 
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Extens ive  brown-snow areas were found on outwash and 

moraine d e p o s i t s  from east of  Donjek River t o  about  Lewis Creek 

(Sheets no. 5, 6 and 7 ) .  

Dezadeash R ive r  from n e a r  Pine Lake t o  east  o f  t h e  Takhini River 

c r o s s i n g  (Sheets  no. 11-14). 

o f  g l a c i o l a c u s t r i n e  d e p o s i t s  which may be  t h a w - s e n s i t i v e  when i ce  

Smaller brown-snow areas occur  a long  

Many of t h e s e  are  l o c a t e d  i n  a r e a s  

r ich.  

S t a b i l i t y  problems may be encountered d u r i n g  p i p e l i n e  

c o n s t r u c t i o n  i n  t h e s e  areas i f  groundwater seepage t u r n s  o u t  t o  

be  s i g n i f i c a n t ;  

by p i p e l i n e  o r  road c o n s t r u c t i o n .  

i c i n g  problems may r e s u l t  i f  d r a i n a g e  i s  impeded 

Open-wat e r  Reaches 

Open-water r eaches  i n  streams dur ing  t h e  w i n t e r  u s u a l l y  

i q d i c a t e  

channel.  

r eaches  i n  streams immediately below l a k e  o u t l e t s .  Small open- 

t h a t  groundwater i s  being discharged i n t o  t h e  s t r eam 

The one except ion t o  t h i s  may be  found i n  open-water 

water areas n e a r  t h e  shore l i n e o f  a l a k e  o r  pond u s u a l l y  

i n d i c a t e  t h e  p re sence  of  subaqueous s p r i n g s .  

During t h e  a i r  photo s tudy  many open-water r e a c h e s  were found 

i n  l a r g e  and small streams flowing over  a wide r ange  o f  g e o l o g i c a l  

m a t e r i a l s  i n  a v a r i e t y  o f  s e t t i n g s .  A number o f  v e r y  small open- 

water r e a c h e s  may have been overlooked and a d d i t i o n a l  o p e n - m t e r  

r eaches  may have been missed due t o  snow-bridging of small  

streams. blany open-water reaches t e rmina te  i n  stream i c i n g s .  
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Stream c r o s s i n g s  s i t u a t e d  i n  open-water r eaches  may s u f f e r  

from i c i n g  problems'  or from i n s t a b i l i t y '  of t h e  p i p e l i n e  d i t c h ,  . 

e s p e c i a l l y  i n  medium- t o  f i n e - g r a i n e d  materials. 

I c ings  

I c i n g s  form by f r e e z i n g  of  water  discharged d u r i n g  t h e  w i n t e r  

from s p r i n g s  and seeps  (both i n  and o u t s i d e  r i v e r  channels )  and, 

under some cond i t ions ,by  f r e e z i n g  of r i v e r - w a t e r  over f lowing  on to  

r i v e r  i c e .  The presence  of i c i n g s ,  t h e r e f o r e ,  g e n e r a l l y  i n d i c a t e s  

t h e  occurrence  o f  groundwater d i s c h a r g e , u s u a l l y  some d i s t a n c e  

u p h i l l  o r  upstream, even i f  no s p r i n g s  o r  open-water r eaches  are 

i n  evidence.  

A l a r g e  number o f  i c i n g s  and i c i n g  a r e a s ,  r ang ing  i n  s i z e  

from a few t e n s  of square  met res  t o  s e v e r a l  squa re  k i l o m e t r e s ,  

were noted d u r i n g  t h e  a i r p h o t o  s tudy .  Some ve ry  sma l l  i c i n g s ,  as 

wel l  as i c i n g s  on ly  a c t i v e  du r ing  e a r l y  win te r ,  have undoubtedly 

been missed. 

s h e e t s  may w e l l  be  more ex tens ive  than  shown; 

covered some i n a c t i v e  p o r t i o n s  o f  a c t i v e  i c i n g s .  

t h e  d i s t i n c t l y  g reen i sh  

makes it imposs ib le  t o  d i s t i n g u i s h  some i c i n g s  o r  p o r t i o n s  o f  

i c i n g s .  

A number of t h e  i c i n g s  p l o t t e d  on t h e  rou te -nap  

snow l i k e l y  

I n  a d d i t i o n ,  

t i n g e  o f  t h e  a i r p h o t o  p r i n t s  undoubtedly 

I t  w a s  no ted  t h a t  i c i n g s  appear  t o  form under  t h e  b r i d g e s  

on some s t reams with no obvious i c i n g  upstream o r  downstream o f  

t h e  b r idge .  Examples are t h e  Alaska Highway b r i d g e s  on Koidern 

River ,  Takhin i  River ,  Smart River ,  Upper and Lower Rancheria  

River  and L i t t l e  Rancheria River .  A s i m i l a r  phenomenon 
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observed du r ing  l a t e  Apr i l  1978 a t  t h e  Klondike Highway c r o s s i n g s  

of F l a t  Creek and McCabe Creek. 

p l a c e s .  

I t  may w e l l  occu r  i n  o t h e r  

Small i c i n g s  occur  i n  a number of  minor t r i b u t a r y  s t reams 

on t h e  upstream s i d e  of  t h e  highway c ross ings .  Such i c i n g s  o f t e n  

p r e s e n t  problems i n  road maintenance (plugged c u l v e r t s ,  ice on 

roadway, wash-outs dur ing  s p r i n g  r u n o f f ) .  

be  encountered by p i p e l i n e  access  roads .  

S i m i l a r  problems may 

I c i n g s  and e s p e c i a l l y  t h e  water  f lows caus ing  t h e  i c i n g s  

may l e a d  t o  problems dur ing  p i p e l i n e  

d u r i n g  p i p e l i n e  ope ra t ion  i n  t h e  c h i l l e d  mode. 

c o n s t r u c t i o n  and a l s o  
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APPENDIX C 

DATE February 20, 1979 

EIS review - Alaska Highway P i p e l i n e  

Attached i s  a typed ve r s ion  of  my i n i t i a l  comments on t h e  F o o t h i l l s  EIS. 
A copy of t h e s e  i s  being s e n t  t o  D r .  P.  J. Williams a t  Car l e ton  Un ive r s i ty ;  
as a d v i s o r  on geotechnical  matters t o  t h e  Environmental Assessment Panel  he  
i s  i n t e r e s t e d  i n  comments dea l ing  with f r o s t  heave, thaw s e t t l e m e n t  etc. 

I ' l l  l e t  you have my comments on t h e  "Annexes" as soon as I have r e a d  them. 
Please l e t  m e  know whether you want t h e  "Annexes" r e t u r n e d  and, i f  so, how 
soon? 

9 .  0. van Everdingen 
Research S c i e n t i s t .  

ROVE/ ep . 
A t t .  (1). 

017.1'071 (12/74) DOE-1071 I 
. .- . ... . .. . .. , .  - . . . .... . -  -.. . .  
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Comments on F o o t h i l l s  E.I.S. by R.  0. van Everdingen, Hydrology Research 
Div is ion ,  Calgary,  A lbe r t a  

Sec t ion  3 - P r o i e c t  S e t t i n e  

p. 3-9: "The groundwater c o n d i t i o n s  w i l l  be  a s s e s s e d  by f i e l d  measurement". 
How? 

p. 3-10: "Thermal Analysis". Did t h i s  t a k e  i n t o  account t h e  p o s s i b l e  
e x i s t e n c e  o f  groundwater flow? 

p. 3-10: "Replacement of  f r o s t  s u s c e p t i b l e  s o i l s  ...... wi th  non- f ros t -  
s u s c e p t i b l e  m a t e r i a l  . . . . . . . I '  (replacement of f r o s t - s e n s i t i v e  
by f r o s t - s t a b l e  m a t e r i a l ) .  Even c o a r s e  sand o r  f i n e  g r a v e l  
may become " f r o s t  s e n s i t i v e "  i f  'ample wa te r  supply  and p rope r  
thermal  regime co inc ide .  

Sec t ion  4 - S p e c i f i c  Aspects 

p. 4-27: The f r o s t  heave model "assumes t h e  format ion  of  50 p e r c e n t  ground 
ice upon f r e e z i n g  of  t h e  f r o s t  s u s c e p t i b l e  s o i l s " ,  as I f . . . - .  a 
r e s u l t  o f  t h e  s u c t i o n  o f  water  t o  t h e  f r e e z i n g  f r o n t " .  
Why t h e  l i m i t  o f  SO%? Why not  a l s o  i n v e s t i g a t e  t h e  c a s e  where 
an a c t i v e  groundwater f low system s u p p l i e s  t h e  wa te r?  

p. 4-28: " . . . . . . . . the  amount o f  f r o s t  heave i s  main ta ined  w i t h i n  a c c e p t a b l e  
l i m i t s . . . . ! ' ;  t h i s  may b e  important  for main ta in ing  p rope r  s u r f a c e  
d ra inage .  
i n t e g r i t y ?  

How importa,it i s  t h e  d i f f e r e n t i a l  heave t o  p i p e l i n e  

p. 4-30: The " . . . . . . s o p h i s t i c a t e d  two-dimensional f i n i t e - e l e m e n t  computer 
model . . . . . I f  does n o t  account  f o r  h e a t  t r a n s p o r t  by groundwater 
flow, and i s  t h e r e f o r e  l i k e l y  i n a p p r o p r i a t e  f o r  a p p l i c a t i o n  i n  
groundwater d i scha rge  a r e a s .  

p. 4-31:  "Ditch p lugs  ...... w i l l  be  provided a s  r e q u i r e d  t o  prevent  
c h a n n e l i z a t i o n  of flow through t h e  b a c k f i l l  ma te r i a l s " .  
n o t  be needed i f  t h e  b a c k f i l l  i s  f rozen  by a c h i l l e d  p i p e l i n e .  
No mention i s  made o f  p r o v i s i o n  t o  pas s  groundwater flows through 
o r  around t h e  f r o s t  bu lb .  

Should 

p .  4-33: F ig .  4-2-31: how w i l l  t h e s e  c u l v e r t s  and t h o s e  mentioned under  
"Mit igat ion" be kept  i c e - f r e e ,  i f  groundwater d i s c h a r g e  c r e a t e s  
i c i n g ?  

p. 4-38: Thawing of  permafrost  may a l s o  open up new avenues Tor groundxater  
d i scha rge .  

Sec t ion  6-2.  Contains  no r e f e r e n c e  t o  groundwater d i s c h a r g e ,  s p r i n g s  o r  
i c i n g s .  t h y  n o t ?  
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p.  6-93: "high co lou r  content"  i s  thought t o  be due to .  d i s s o l v e d  
s o l i d s  and s p e c i f i c  c o n d u c t i v i t y .  
HOW? 

Page 2 

Sec t ion  6-3 - 

Table 6. 3-3:  What u n i t s  are cms? 

Also: 
s p e c i f i c  c o n d u c t i v i t y  and d i s s o l v e d  s o l i d s  concen t r a t ion" .  
Is t h i s  indeed a cause -and-e f f ec t  r e l a t i o n s h i p ?  

I '  high co lou r  l e v e l s  r e s u l t e d  i n  d i s c r e p a n c i e s  between 

p. 6-103: S p e c i f i c  conductance i n  mg/l ?? 

Sec t ion  8 

8.1.1.1, 
p. 8-2: How much w i l l  the"contro1led l e v e l  of  subsidence" be?  

Shou ldn ' t t he re  a l s o  be a l i m i t  on d i f f e r e n t i a l  subsidence? 
The f i rs t  w i l l  a f f e c t  t h e  s e v e r i t y  of e r o s i o n  problems; 
t h e  second may affect  p i p e l i n e  i n t e g r i t y .  

8 . 1 . 1 . 2  
p.  8 - 2 :  I 'Frost s u s c e p t i b l e "  ( s e n s i t i v e )  i s  a r e l a t i v e  term. S e n s i t i v i t y  

depends on both t h e  s o i l  ( m a t e r i a l  and g r a i n s i z e )  and t h e  
groundwater h y d r a u l i c s  !! Use o f  t h e  term "thawed areas" 
presumes they  were f r o z e n  e a r l i e r ;  
nonfrosen areas. Nowhere i n  "lrlitigation" i s  it i n d i c a t e d  
t h a t  t h e s e  w i l l  be determined by t e s t  d r i l l i n g  o r  geophysics ,  
l i k e  t h e  a r e a s  of  s e n s i t i v e  pe rmaf ros t  w i l l  b e  accord ing  t o  
9 .1 .1.2 (1) and 9.1.3.2.  (13).  

t h e s e  a re  b e t t e r  c a l l e d  

8.1.1.3, 
p .  8-3: How "well ahead o f  any requirement  f o r  emergency r e p a i r "  

w i l l  p o t e n t i a l  problems be  d e t e c t e d ?  
Bear Rock grew 2 . 9  rn h i g h  i n  13 days i n  December,77. 

"The s t ream c r o s s i n g  a t  Mirror  Creek: .... h a s  n o t  been examined 
...... . "Of t h e  water cour ses  i n v e s t i g a t e d  which may be  
a f f e c t e d  by f r o s t  b u l b  formation,  Snag Creek i s  t h e  on ly  
s t ream with flows d u r i n g  t h e  w i n t e r  season. - .  . . . . 
Both c reeks  and t h e i r  t r i b u t a r i e s  a r e  i n  a s i g n i f i c a n t  
groundwater d i scha rge  area: 
b u t  could p r e s e n t  problems wi th  (1) f i l l i n g  of t r e n c h  w i t h  
water  du r ing  c o n s t r u c t i o n ;  ( 2 )  sexrere f r o s t  heave i n  most 
s o i l  t ypes ;  i c i n g s  as  a r e s u l t  of  t h e  damning e f f e c t  
o f  any f r o s t  bulb.  

F r o s t  b l i s t e r s  a t  

5.1.2.3, 
p .  8-8: 

11 

11 . 

t h e y  may n o t  c o n t a i n  f i s h ,  

( 3 )  

I 
I 
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Sec t ion  9 - M i t i g a t i o n  

9.1: P o t e n t i a l  involvement o f  groundwater, which may cause  
problems o f  t r e n c h  drowning, f r o s t  heave and i c i n g s ,  i s  
n o t  taken i n t o  account i n  any of t h e  models on which t h e  
m i t i g a t i v e  measures l i s t e d  under 9 . 1 . 1 . 1  a r e  based.  The 
groundwater-related problems may well become an unexpected 
r e s i d u a l  impact. 

9.1.1.2 (123 ,  9.1.2.2 (15), 9.1.3.2 (16) and 9.2.1.2 (9 ) :  

What methods are proposed t o  keep c u l v e r t s  ice-free i n  
i c i n g  a r e a s ?  
t o  have? 

What impacts are t h e s e  methods expected 

9.1.1.2 (9):  What measures are  proposed f o r  d e a l i n g  w i t h  groundwater 
f lows encountered i n  cu t s  and i n  t r e n c h i n g ?  Impact? 

9.2.2.2 (32): To main ta in  subsurface d r a i n a g e  p a t t e r n s  i n  any c o n d i t i o n ,  
t h e y  have t o  be  known f irst .  
knowledge? 

Does t h e  company have such . 

9.2.2.2 ( 3 8 )  : Major (and p o s s i b l y  some o f  t h e  minor) f u e l  s t o r a g e  
f a c i l i t i e s  should be provided w i t h  impervious b a s i n  bottoms 
i n s i d e  t h e  impervious containment d i k e s  t o  p r e v e n t  groundwater 
contaminat ion i n  case of s p i l l a g e .  . 

Comments r e  open-wa.ter areas and f i s h  

A. A l l  f i v e  w i n t e r i n g  areas i d e n t i f i e d  correspond t o  open water areas 
(plus i c i n g )  i d e n t i f i e d  from A p r i l  1978 a i r p h o t o s .  

0. 29 of 33 areas i d e n t i f i e d  as spawning o r  mig ra t ion  areas correspond 
t o  i c i n g  and/or open-water areas l d e n t i f i e d  on A p r i l  1975 a i r p h o t o s ;  
of t h e  remaining 4 ,  two are l o c a t e d  a t  t h e  mouth of c r e e k s ,  where 
i c i n g  may be  p r e s e n t .  Beaver Creek and Koidern R ive r  ( 3 )  d i d  n o t  
show evidence of  e i t h e r  i c i n g  o r  open water, a l though  bo th  were 
i d e n t i f i e d  a s  p o t e n t i a l  spawning a r e a s .  

C .  Open water and i c i n g s  a r e  i n  most cases a s c r i b e d  t o  groundwater 
d i s c h a r g e  (except Yukon River below Narsh Lake, T e s l i n  River  below 
T e s l i n  Lake and Morley River below Morley Lake). 

D. I t  t h e r e f o r e  appears  l i k e l y  t h a t  groundwater d i s c h a r g e  p l a y s  an 
important  r o l e  i n  f i s h  overwinter ing and spawning i n  t h i s  r eg ion .  

February 20 ,  1979 



b l r .  P.  S t r i l a e f f  
Inland Waters D i r e c t o r a t e  
502 - 1001 West Pender S t r e e t  

I 
, Vancouver, B.C.  
L-- V6E 2b19 

I "1- R. 0. van Everdingen 
Hydro logy Research Division 
Calgary, A lbe r t a  
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March 6 ,  1979 _I 

S'J8Jf C T  
06,1,  F o o t h i l l s  Pipe Lines (South Yukon) Ltd. EIS 

Attached as promised are comments on t h e  Annex r e p o r t s  number 02, 03, 06, 09, 

11, 1 2  and 1 3  o f  t h e  above EIS, as wel l  as a s ta tement  on 

R. 0. van Everdingen 
Research S c i e n t i s t .  

ROVE/ep. 
Encl. . . .  



I 
D e f i c i e n c i e s  i n  Environmental Impact Statement f o r  t h e  Alaska Highway I 

. .  
Gas P i p e l i n e  P r o j e c t ,  F o o t h i l l s  Pipe Lines (South Yukon) Ltd. 

1. The f r o s t - h e a v e  model (Sect ion 4 . 2 . 2  and Annex 02) i s  inadequate;  
it can p r e d i c t  n e i t h e r  f r o s t  p e n e t r a t i o n  around and below a c h i l l e d  
p i p e l i n e  no r  t h e  f r o s t  heave below such a p i p e l i n e  i n  s i t u a t i o n s  
where subsu r face  water movement and t h e  f r o s t  b u l b  c r e a t e d  by t h e  
p i p e l i n e  i n t e r a c t .  

I 
2.  Data on subsu r face  water movement ( g r a d i e n t s ,  f low ra tes ,  chemistry,  

I 
I 
I 
I * -  

temperature)  are needed as i n p u t  parameters  f o r  a more adequate  
f r o s t - h e a v e  (and thaw) model. Such in fo rma t ion  i s  a l s o  r equ i r ed  i f  
i c i n g  development i s  t o  be  avoided o r  c o n t r o l l e d  a t  stream c r o s s i n g s  
and elsewhere along t h e  l i n e .  
ava i lab le .  

A t  p r e s e n t  such information i s  n o t  

R. 0. van Everdingen 
Hydrology Research Div i s ion  
Calgary,  Alberta 
March 6, 1977. 
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Page 9, p a r a 1  - 

Page 19, 4 . 1  - 

Page 19-4.2.1 - 

Page 29, Figure 

Page 34, Figure  

Page 2 

S o i l  s t r a t i g r a p h y  is  givcn a s  \Jell as the rma l  p r o p e r t i e s .  
Information on subsu r face  water  c o n d i t i o n s  i s  l a c k i n g ,  
a l though "sloughing of  gravel"  prevented f u r t h e r  auge r ing ,  
and "caving o f  unfrozen sand i n t o  t h e  d r i l l h o l e "  preventcd 
t a k i n g  of  SPT and SY samples (Fig.  4 ,  page 11). These 
obse rva t ions  could be i n d i c a t i v e  of  a groundwater problem 
n o t  accounted f o r  by t h e  model. 

a " c a p a b i l i t y  t o  develop c r i t e r i a  f o r  more s i t e  s p e c i f i c  
designs" has  no t  been demonstrated as long as no c o n s i d e r a t i o n  
i s  given t o  h y d r a u l i c  c h a r a c t e r i s t i c s  o f  s o i l  mater ia ls  and 
h y d r a u l i c  c o n d i t i o n s  a t  s p e c i f i c  s i t e s .  

1 1  ...... t o  reduce t h e  depth o f  f r o s t  p e n e t r a t i o n  and 
consequent ly  t h e  amount o f  heaving." Flodel f r o s t  heave 
w i l l  be  reduced by r educ t ion  o f  f r o s t  p e n e t r a t i o n  because 
it was assumed t o  be  a d i r e c t  f u n c t i o n  o f  f r o s t  p e n e t r a t i o n .  
I t  is ,  however, q u i t e  p o s s i b l e  t o  have less  heave h'ith more 
f r o s t  p e n e t r a t i o n  o r  more heave wi th  less  f r o s t  p e n e t r a t i o n .  
The model i s  unab le  t o  g i v e  tis even a q u a l i t i v e  i n d i c a t i o n  about  
t h a t ,  because it completely omits  c o n s i d e r a t i o n  o f  subsu r face  
water movement (and i t s  a t t e n d a n t  t r a n s p o r t  of  bo th  h e a t  
and l a t e n t  h e a t ) .  

11 - according t o  t h e  i l l u s t r a t e d  model r e s u l t s ,  f r e e z i n g  
proceeds from t h e  bottom o f  t h e  thaw zone o n l y ,  n o t  from t h e  
t o p  as would normally be expected,  even w i t h  t h e  i n s u l a t i o n  
i n  p l a c e  ( t h e  s h c r t e s t  p a t h  f o r  t h e  e scape  o f  h e a t  i s  s t i l l  
from t h e  t o p  of  t h e  i n s u l a t i o n ,  through t h e  p i p e  which, by 
convect ion o f  i n s i d e  a i r ,  may even ac t  as  an e f f i c i e n t  h e a t  - 
Pump) - 

14 - does n o t  show "Frost  Heave v e r s u s  Tine" as t h e  c a p t i o n  __ 
claims, does i t ?  If it does,  t h e  cu rves  i n d i c a t e  more heave 
f o r  lower i c e  con ten t  and o r i g i n a l  water c o n t e n t .  

Page 36, p a r a  2 - i s  t h e r e  a d i f f e r e n c e  between " f r o s t  s t a b l e "  and "non-frost  
suscep t ib l e"?  

R. 0. van Everdingen 
Hydro 1 ogy Research Divi s ion 
Calgary,  A lbe r t a  
blarch 5, 1979. 
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Cornnicnts onltCeothermal Evaluat ion of  F ros t  Heave", Annex Number 0 2 ,  
F o o t h i l l s  Pipe Lines (South Yukon) Ltd. EIS. 

Page 2 ,  p a r a  1 - 

Page 3, p a r a  2 - 

Page 3, p a r a  3 - 

Page 3, p a r a  3 - 

Page 4, p a r a  1 - 

Page 4, para  1 - 

Page 4, para  2 - 

Page 6, pa ra  1 - 

2, 

t h e  migrat ion p rocess  can on ly  r e s u l t  i n  c o n s o l i d a t i o n  
i f  t h e  moisture  con ten t  of  t h e  remaining nonfrozen 
material d e c r e a s e s  (same comment f o r  para3,  p o i n t  c ) .  

by l e a v i n g  ou t  t h e  w a t e r - t r a n s p o r t  a s p e c t ,  t h e  model 
may g i v e  c o r r e c t  answersin some c a s e s ,  b u t  it w i l l  g i v e  
wrong answers i n  a number of  o t h e r s .  I t  will i n d i c a t e  
f r o s t  heave i n  excess  o f  a c t u a l  occu r rence  i f  water 
supply i s  small .  I t  w i l l  i n d i c a t e  f r o s t  heave smaller 
t h a n  a c t u a l  where water  supply is ample and cont inuous 
( i n  t h a t  ca se ,  " f r o s t  s u s c e p t i b l e "  o r  f r o s t  s e n s i t i v e  
may well i nc lude  a wider range of  m a t e r i a l s ) .  

m a s s t r a n s f e r  appea r s  t o  be cons ide red  o n l y  i n  s o f a r  a s  
i t  r e s u l t s  from a temperature-induced p o t e n t i a l  g r a d i e n t .  
Or n o t  a t  a l l ?  (no d a t a  are  given f o r  f r o z e n  and 
nonfrozen h y d r a u l i c  c o n d u c t i v i t i e s  o f  any o f  t h e  m a t e r i a l s ) .  

what was t h e  accuracy of  t h e  "adequate'! p r e d i c t i o n  of 
p i p e l i n e  behaviour by t h e  model? 
of t h e  model i s  a f u n c t i o n  of t h e  v a r i a b i l i t y  o f  t h e  
i n p u t  parameters", how w i l l  t h e  u s e  o f  d i f f e r e n t  parameter  
v a l u e s ,  f o r  a d i f f e r e n t  s i t e ,  a f f ec t  t h e  accuracy o f  t h e  
model r e s u l t s ?  

As "the accuracy  l e v e l  

assumption of t h e  formation of 50 p e r c e n t  ( o r  any o t h e r  
f i x e d  percentage)  excess ground ice  makes heave s o l e l y  - 
dependent on f r o s t  p e n e t r a t i o n ;  - t h e  above assumption, 
r e q u i r i n g  energy f o r  t h e  e x t r a c t i o n  of l a t e n t  h e a t ,  . l eads  
t o  u n r e a l i s t i c a l l y  low p r e d i c t e d  f r o s t  p e n e t r a t i o n  compared 
t o  what it would be when less  excess  i ce  were formed; 
t h i s  i n  t u r n  g i v e s  inadequate  i n d i c a t i o n  o f  t h e  e f f e c t  
of t h e  f r o s t  bu lb  on movement of  s u b s u r f a c e  water. 

Khat i s  t h e  d e f i n i t i o n  of  f r o s t  s u s c e p t i b l e  ( b e t t e r  c a l l e d  
f r o s t  s e n s i t i v e )  s o i l ?  Is it a l a b o r a t o r y  d e f i n i t i o n ,  
depending on s o i l  parameters  ( g r a i n s i z e ,  m a t e r i a l  etc) 
on ly ,  o r  i s  it a f i e l d  d e f i n i t i o n ,  a l so  dependent on 
h y d r a u l i c  c o n d i t i o n s ?  

what happens when more water  i s  a v a i l a b l e  e .g .  f o r  t h e  
g r a v e l ?  Could it a l s o  d i s p l a y  f r o s t  s e n s i t i v i t y  under 
t h e  p rope r  c o n d i t i o n s ?  

"Future e v a l u a t i o n  of  t h e  f r o s t  s u s c e p t i b i l i t y  o f  t h e  
s o i l s  should al low a less  c o n s e r v a t i v e  ( l e s s  t h a n  50 p e r c e n t  
heave) des ign  c r i te r ia" .  
( a )  how w i l l  t h e  degree o f  s i i s c e p t i b i l i t y  ( f r o s t  s e n s i t i v i t y )  

be  determined ( see  comment page 4 ,  p a r a  l )?  
(b) it should n o t  a p r i o r i  be assumed t h a t  heave w i l l  be  

less than 50 p e r c e n t  of t h e  dep th  of  f r o s t  p e n e t r a t i o n  
i n  a l l  c a s e s .  I t  undoubtedly will be l a r g e r  i n  some 
c a s e s .  

. . ... . . - . .  . , .  . _ , . _ .  ~ ~ 
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Cornriicnts on: "Ccothermal Evaluation f o r  Thawing Conditions",  Anncx Number 03,  

F o o t h i l l s  Pipe Lines (South Yukon) Ltd. EIS. 
*I-- 

Page 2 ,  pa ra  2 - Hwang (1976) mentioned e ~ f a p o t r a n s p i r a t i o n ,  s u r f a c e  e m i s s i v i t y  and 
a b s o r p t i v i t y  f o r  s u r f a c e s  o t h e r  t han  snow, and greenhouse f a c t o r  
(depending on cloud cove r ) .  These a rc  n o t  mentioned i n  Annex Xumber 03. 
Hwang (1976)also s t a t e d  "The model does n o t  account for e f f e c t s .  
of  h e a t  convection i n  t h e  s o i l " .  A s t a t emen t  d e t a i l i n g  t h e  
assumptions made, t h e  l i m i t a t i o n s  of t h e  model a s  well as  t h e  
expected accuracy of  t h e  r e s u l t s  i s  l a c k i n g  from Annex Number 03. 

a t  t h e  Rorman Nells Tes t  S i t e .  Can t h e  model be  t r a n s f e r r e d  
t o  o t h e r  s i t u a t i o n s  without  major ad jus tmen t s?  Is  t h e  accuracy 
l e v e l  of t h e  model independent of  t h e  v a r i a b i l i t y  of t h e  i n p u t  
parameters?  

- t h e  model was v e r i f i e d  by f i e l d  obse rva t ion  and monitor ing 

Page 10 ,  Table  4 - average wind v e l o c i t y  f o r  blarch 15 seems excess ive .  

Page 33,  p a r a  5 - mois ture  con ten t  f o r  White River  ash i s  n o t  given;  a r e  d a t a  
av a i 1 ab  1 e ? 

Page 15, p a r a  3 - " . . . . . . . r e t e n t i o n  t i m e  (of sewage) o f  one y e a r  was used". What 
happens a f t e r  t h a t ?  And why was t h e  sewage assumed t o  remain 
i n  t h e  lagoon f o r  4 years  i n  t h e  model a n a l y s i s ?  T h i s  would 
g i v e  an u n r e a l i s t i c  r e s u l t  because it would avo id  t h e  h e a t i n g  
s u p p l i e d  by t h e  sewage from y e a r s  two, t h r e e  and f o u r ;  

- c a p a c i t y  f o r  1 . 2  m depth of  sewage w i l l  b e  exceeded i n  y e a r  1; 

- sewage w i l l  overtop 
e s p e c i a l l y  i n  view o f  p r e c i p i t a t i o n  i n p u t .  

- why a r e  imper i a l  g a l l o n s  used, when lagoon dimensionsare  given 
i n  metres? 

t h e  1.7 m high d i k e s  b e f o r e  t h e  end of y e a r  

'Page 18, F igu re  5 - comparison of  t h i s  with F igu re  11 shows t h a t  t h e  p a r t i a l  
impervious l i n e r  may be inadequate ,  as  thaw will p e n e t r a t e  
i n t o  t h e  "Undisturbed S o i l "  and leakage of  seliage may r e s u l t .  

R. 0. van Everdingen 
Hydrology Research Div i s ion  

2C a 1 ga r  y , .A 1 b r t a 
:March 5, 1979. 



Comments on Annexes 06, 09, 11, 1 2  and 13, F o o t h i l l s  P ipe  Lines  

ISouth Yukon) Ltd. EIS. 

S e r i o u s  e f f o r t s  have been made t o  c o l l e c t  m u l t i - d i s c i p l i n e  
background d a t a  f o r  stream c r o s s i n g s J l c a d i n g  t o  more e x t e n s i v e  
knowledge o f  l o c a t i Q n s  s u b j e c t  t o  i c i n g  formation.  However, n o t  
a l l  s t r eam-c ross ing  s i t e s  p o t e n t i a l l y  a f f e c t e d  by i c i n g s  have_ been 
recognized; 
a t  s t ream c r o s s i n g s  has  n o t  been f u l l y  apprec i a t ed ;  and t h e  
p o t e n t i a l  f o r  i c i n g s  a t  l o c a t i o n s  away from stream c r o s s i n g s  h a s  
no t  r ece ived  t h e  a t t e n t i o n  it dese rves .  

t h e  r e l a t i o n s h i p  between i c i n g s  and groundwater d i s c h a r g e  

"The maintenance o f  s i g n i f i c a n t  groundwater flow i n  streambed 
gravels"  w a s  deduced i n  Annex 13, sub A 8  (a ) ,  p a r a  3. Data on 
g r a d i e n t s ,  p e r m e a b i l i t i e s ,  f low r a t e s ,  chemistry and tempera ture  
o f  t h e  groundwater a re ,  however, n o t  a v a i l a b l e .  Such d a t a  w i l l  b e  
needed t o  improve t h e  chances f o r  r e l i a b l e  p r e d i c t i o n s  of f ros t  
p e n e t r a t i o n  and f r o s t  heave f o r  t h e  c h i l l e d - p i p e l i n e  s e c t i o n  
upstream of  compressor s t a t i o n  FY-1. Such information w i l l  a lso 
be  r e q u i r e d  i f  i c i n g  development i s  t o  be  avoided o r  c o n t r o l l e d  
anywhere a long  t h e  r o u t e .  

Concern f o r  a u f e i s  formation i s  expressed i n  t h e  e x p l a n a t i o n  
f o r  column 13 o f  t h e  t a b l e s  i n  Annex 11 (Nov. 1978) .  Sources  o f  
information do n o t  mention t h e  A p r i l  1978 a i r p h o t o s  which showed 
i c i n g s  and open-water r eaches  a t  23 c r o s s i n g s  where Annex 11 does  
n o t  mention t h e i r  occurrence.  Many o f  t h e s e  a r e ,  however, mentioned 
i n  Annex 12 (Aug. 1978).  - -  

Annex 1 2 ,  p.  20 and 2 2  on ice  t h i c k n e s s  - Observa t ions  l i s t e d  
i n  Table 4 do - n o t  confirm t h e  suggested e x p e c t a t i o n  o f  n e a r  normal 
o r  s l i g h t l y  g r e a t e r  t han  normal i ce  t h i c k n e s s  i n  1978; o f  t h e  s i x  
measured, 2 are l a r g e r  t han  t h e  annual mean, 1 i s  t h e  same as t h e  
annual mean and 3 a r e  smaller than  t h e  annual mean. 

Sameplace,  on a u f e i s  t h i c k n e s s  - i n  many cases, a c o l d e r  w i n t e r  
will indeed l e a d  t o  t h i c k e r  a u f e i s  (with a smaller a r e a l  e x t e n t )  
because t h e  f low r a t e  of groundwater d i scha rge  t h a t  f e e d s  t h e  i c i n g s  
(and consequent ly  t h e  t o t a l  i c i n g  volume) may be u n a f f e c t e d  by w i n t e r  
temperatures .  
t h e  flow r a t e ,  which would r e s t r i c t  t h e  i c i n g  volume. 
cover,  encouraging deeper  f r o s t  p e n e t r a t i o n ,  nay r e s t r i c t  f low rates 
and i c i n g  volume o r  t h e  more e x t e n s i v e  f r o s t  p e n e t r a t i o n  may s h u t  
o f f  some o u t l e t s  and i n c r e a s e  t h e  flow (and t h e  r e s u l t i n g  i c i n g  
volume) a t  o t h e r s .  A gene ra l  obse rva t ion  i s  t h a t  i c i n g s  extend 
f a r t h e r  downstream i n  mi lde r  w i n t e r s .  

I t  i s  a l s o  p o s s i b l e  t h a t  lower t empera tu res  r e s t r i c t  
L i g h t e r  snow 

3 

Page 37, conc lus ion  4 - p o t e n t i a l  i c i n g  occurrences and c o n t r o l  measures 
should n o t  o n l y  be  considered i n  ( access )  road d e s i g n ,  b u t  
a l s o  i n  t h e  des ign  of p i p e l i n e  berm c u l v e r t s ;  
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Page 2 

Mirror  Creek- t h e  occurrcnce of  e x t e n s i v e  open water from groundwater 
d i scha rge  was appa ren t ly  n o t  n o t i c e d .  

Snag Creck - win te r  flow was mentioned as "may be  s p r i n g  fed" 
( r e s u l t  of  groundwater d i scha rge )  ; does win ter f low 
have s i g n i f i c a n c e  only i f  f i s h  a re  involved? 

Beaver Crcek - t h e  p r e s e n t  channel bottom i s  1.75 m above t h e  low 
p o r t i o n  of t h e  n o r t h  (or  l e f t )  f l o o d p l a i n ;  highwater  
caused by channel o b s t r u c t i o n  may ove r top  t h e  low 
banks towards t h e  n o r t h  f l o o d p l a i n .  

White River  - Annex 09, Fig.  2 H(2) - t h e  r igh t -hand  photo shows 
east bank, n o t  west bank, eroding.  

Donjek River-Annex 09, Fig.  4C - shows Hi' mark a t  l e f t  (706.25 m) 
as much h i g h e r  than June 1978 I i a t e r l e v e l  (706.27m), 
which i n  t u r n  i s  about e q u a l l y  high as t h e  nex t  June 
1978 w a t e r l e v e l  (705.22 m ) .  One o f  t h e s e  must be  
\irOng. 

Duke River  - HW m a r k  is 97.6 m (Annex 09, Fig.  5.C); des ign  HW is  
97.0 m (Annex 06, FSY 1063-5);  design MJ i s  97 .3  m 
(Annex 13, Fig.  E . 2 ) .  Both des ign  high water  l e v e l s  
seem inadequate .  

Takhini  Hot Springs - Whitehorse A l t e r n a t i v e  Route A ,  on F i g u r e  
A - 3  of  Annex 1 2 ,  runs  between t h e  Hot Spr ings  and 
Takhini  River.  Crossing o f  t h e  d i s c h a r g e  channel  
from t h e  s p r i n g s  may be  s u b j e c t  t o  i c i n g  and/or  
groundwater problems. 

S l i m ' s  River- "no i n d i c a t i o n  of  s i g n i f i c a n t  au fe i s " .  Widespread 
a u f e i s  was, however, shown by A p r i l  1978 a i r p h o t o s .  
Photo 8 .  16 i s  no t  looking doivnstream b u t  upstream, 
i s n ' t  i t ?  I t  shows i c i n g  immediately upstream as 
w e l l  as downstream o f  t h e  b r i d g e .  

Mendenhall River  - i c i n g  may be more widespread than i n d i c a t e d  by 
.4nnex 1 2 .  

R. 0. van Everdingen 
Hydrology Research Div i s ion  
Calgary,  A lbe r t a  
blarch 6 ,  1979. 



I C a 1  g a r y  , A1 b e r t a  
March 14 ,  1979 

Comments on "Evaluation of A l t c rna t ives" ,  Foothi l  I s  Pipe Lines (South Yukon) 
Ltd. EJS, scctjo'n 5 .0  

1 .  

2. 

3. 

P j  ckhandle Lake a r e a  

A l t e r n a t i v e  C was no t  covered by t h e  A p r i l  197s a i r p h o t o s ;  t h e r e f o r e  no 
op in ion  can be given on t h e  l i k e l i h o o d  o f  s i g n i f i c a n t  i c i n g  o r  o t h e r  
g ro~m3\ ' a t c r - r e l a t ed  problems a t  t h e  numerous small stream c r o s s i n g s  on 
a l t e r n a t i v e  C .  

Both c r o s s i n g s  o f  lioidern River t h a t  a r e  avoided by a l t e r n a t i v e  C ,  
s h o ~ e d  i c i n g  and/or open r ia te r  on t h e  Apr i l  1978 a i r p h o t o s ;  t hey  Kere 
i d e n t i f i e d  as being ~ i t i l i z e d  by f i s h  i n  mig ra t ion ,  spawning and 
ov t r iq in t e r ing  (Flap 6.5-2) ; they a r e  t h e r e f o r e  l i k e l y  l o c a t e d  i n  ground\<ater 
d i s c h a r g e  a r e a s  t h a t  could add geo techn ica l  d i sadvan tages  t o  t h e  
environmental disadvantages i d e n t i f i e d  i n  Table  5.4-1.  These may be  
outweighed, however, by t h e  geo techn ica l  advantage o f  avo id ing  a s i g n i f i c a n t  
s t r e t c h  o f  i c e - r i c h  s o i l  when a l t e r n a t i v e  B i s  used.  

Ibex Pass 

A l t e r n a t i v e  A"was n o t  covered by t h e  A p r i l  1978 a i r p h o t o s  between 459,000 m 
E and 514,000 m E (UTM zone S ) ;  no information i s  t h e r e f o r e  a v a i l a b l e  
on t h e  occurrence of i c i n g  o r  o t h e r  groundwater r e l a t e d  problems on t h a t  
p a r t  of  t h e  Ibex Pass r o u t e .  I t  can be  expected, however, t h a t  t h e  p o r t i o n  
of  t h e  r o u t e  a long Ibex River,  between 460,000 m E and 474,000 m E i s  
s u b j e c t  t o  groundwater d i scha rge  problems; 
t o  t h e  Louise LakejFish Creek a r e a  and t h e  Wolf C r e e k  and Shadow Lake  
are8s. 
environmental  ( f i s h e r i e s )  disadvantage.  

t h e  same obse rva t ion  a p p l i e s  

These could pose a geo techn ica l  d i sadvan tage  and p o s s i b l y  an 

Squanga Lake a r e a  

A l l  t h r e e  a l t e r n a t i v e s  c r o s s  t h e  Judas Creek d ra inage ,  which i s  l i k e l y  t o  
p r e s e n t  some problems iii t h  groundwater d i s c h a r g e  and i c i n g s .  A l t e r n a t e  
A a l s o  c r o s s e s  t h e  L i t t l e  Squanga Lake t o  Squanga Lake d r a i n a g e  and 
Squanga C r e e k ,  which both may-present groundwater and i c i n g  problems i n  
a d d i t i o n  t o  environmental disadvantages.  A l t e r n a t e  B fo I lo \ i s  a v a l l e y  
system con ta in ing  L i t t l e  A t l i n  River ,  Squan Lake and Summit Lake; any 
problems on t h i s  r o u t e  r e s u l t i n g  from groundwater r e l a t e d  phenomena can be 
expected t o  be mostly geo techn ica l .  

R .  0. van Everdingen 
Hydrology Research Divis ion 
Calgary,  A lbe r t a  
March 14 ,  1979. 
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SUBJECT 
OBJET 

I 
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I 
I 
I 
1 
I 
I 
I 

bl r .  P.W. S t r i l a e f f ,  
Inland Waters D i r e c t o r a t e ,  
Pacific and Yukon Region. 

1 
G . J .  Young 
Glaciology Divis ion,  
Inland Waters D i r e c t o r a t e .  

J 

SECURITY - CLASSIFICATION - DE S E C U R l T i  

I OUR FlLE-NNIREFEi(ENCE 

IDATE February 6 ,  1979 

Environmental Impact Statement f o r  t h e  Alaska Highway Gas P i p e l i n e  P r o j e c t .  

A s  requested,  I have examined t h i s  document with r e s p e c t  t o  t h e  adequacy 
with which g l a c i e r  - r e l a t e d  f loods  have been t r e a t e d .  hly a t t e n t i o n  has 
focussed on t h e  Donjek River c ros s ing  where scour  may b e  s i g n i f i c a n t  a t  
times of  g l a c i e r  o u t b u r s t  f loods and on t h e  Haines J u n c t i o n  area where 
t h e  p i p e l i n e  may be submerged should Lowell Glacier dam t h e  Alsek Va l l ey .  

Donjek River  - I f ind  r e fe rences  t o  t h e  Donjek Crossing i n  S e c t i o n s  6.3.2.1 
and 8 . 1 . 2 .  References are made t o  p o s s i b l e  problems, b u t  I see no  evidence 
of  any s t u d i e s  conducted by t h e  p i p e l i n e  proponents t o  e v a l u a t e  f lood  
damage r e s u l t i n g  from sudden o u t b u r s t s  from g l a c i e r  dammed l a k e s .  

Haines J u n c t i o n  Area - The only r e f e r e n c e  I can f i n d  t o  p o s s i b l e  l a k e  
formation and p i p e l i n e  inundat ion i n  t h i s  area i s  i n  Sec t ion  6.2.4.1.  on 
p.  6-76; “A major su rge  o r  advance of  t h e  Lowell Glacier could dam t h e  
Alsek River  and cause an ex tens ive  lake  t o  form along it and i t s  t r i b u t a r i e s ;  
however, t h e  community of Haines J u n c t i o n  and o t h e r  low-lying f a c i l i t i e s  
would be a f f e c t e d  long before  t e r r a i n  crossed by t h e  p i p e l i n e  r o u t e ” .  
The impl i ca t ion  of  t h i s  quo ta t ion  i s  t h a t  t h e  f l o o d  p o t e n t i a l  i s  recognized 
b u t  t h a t  it i s  no t  important because Haines Junc t ion  would be  f looded 
first.  Again I see no f u r t h e r  a n a l y s i s  of t h i s  problem i n  t h e  E . I .S .  

I suggest  t h a t  i t  i s  not  s u f f i c i e n t  only t o  recognize t h e  e x i s t e n c e  o f  
problems; analyses  t o  assess p r o b a b i l i t i e s  of occurrence,  l i k e l y  damage 
t o  t h e  p i p e l i n e  and p reven t ive  measures t o  be  taken should a l s o  be  
undertaken. 

I should p o i n t  out  t h a t  I have n o t  had a chance t o  r e a d  t h e  annexed r e p o r t  
which may answer t h e s e  concerns.  However, I am n o t  y e t  s a t i s f i e d  t h a t  t h e  
f lood  r i s k s  have been p rope r ly  considered.  

--- c 

Research S c i e n t i s t  
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G1 ac io logy  D i v i s i o n  
I I n l a n d  Waters D i r e c t o r a t e  

L _I 

VOUR FILE-VIRZFERCNCE 

February 8, 1979 

SUBJECT 

OBJET Environmental, Impact Statement f o r  t he  Alaska Highway Gas P i p e l i n e  P r o j e c t  

Th is  i s  a fo l low-up t o  my prev ious memorandum o f  6 February 1979. 
then I have been ab le  t o  s tudy Annex No. 14, Assessnent o f  South Yukon 
Flood Hydrology prepared by  Northwest Hydrau l i c  Consul tants L td .  Again 
I r e s t r i c t  my comments t o  g l a c i e r  o u t b u r s t  f l oods  on t h e  Donjek and t h e  
poss ib le  f l o o d i n g  by g lac ie r -darned l a k e  format ion i n  the  Haines Junc t ion  
area. I am s a t i s f i e d  t h a t  poss ib le  g l a c i e r - r e l a t e d  f l o o d  events on t h e  
White and S1 ims R ivers  have been adequately consi  dered. 

Annex No. 14 re fe rs  i n  severa l  p laces t o  the  Glac io logy  D i v i s i o n  Report 
(1977) concern ing t h e  e f f e c t  o f  g l a c i e r s  on hydrology, p a r t i c u l a r l y  on 
pages 30 and 31. I quote f rom p. 31 - " In  summary, t h e  s tud ies  discussed 
do n o t  i n d i c a t e  reason f o r  ser ious  concern about g l a c i e r - o u t b u r s t  f loods .  
h c h  events have t o  be considered, however, as p o s s i b l y  c r i t i c a l  f o r  
des ign purposes on t h e  White and Donjek Rivers" .  Th is  q u o t a t i o n  conta ins 
an impor tan t  con t rad i c t i on ;  i f  o u t b u r s t  f l oods  a r e  p o s s i b l y  c r i t i c a l  f o r  
design purposes why i s  t he re  no reason f o r  ser ious  concern? The Glac io logy  
D i v i s i o n  Report (1977) was n o t  a f i n a l  r e p o r t  and i t  c l e a r l y  s t a t e d  t h a t  
f u r t h e r  work should be undertaken t o  assess f l o o d  p o t e n t i a l .  I see no 
evidence t h a t  t h e  proponents have undertaken such s tud ies .  

Table 10 does i n d i c a t e  t h a t  a g l a c i e r  o u t b u r s t  f l o o d  on t h e  Donjek might  
produce a f l o w  of 2300 m3 9 1 .  
f rom t h e  Donjek Lake i s  2860 m3 S-1. 
o f f i c e  by memorandum on 24 January 1978. 
w i t h i n  the  IWD (1978) r e p o r t  on t h e  Haines Road which i s  re fe renced i n  
Annex No. 14).  
has been u t i l i z e d  f o r  des ign ing the  p i p e l i n e  s t r u c t u r e  a t  t he  Donjek 
c ross ing .  

The p o t e n t i a l l y  much more d isas t rous  s i t u a t i o n  i n  t h e  Haines Junc t i on  area 
should Recent Lake Alsek re fo rm i s  dismissed very l i g h t l y  i n  Annex No. 14. 
As i n d i c a t e d  i n  my memorandum t o  you of 6 February 1979, I f i n d  t h i s  q u i t e  
unacceptable. . 

Since 

My more recen t  es t imate  o f  peak discharge 
( I  communicated t h i s  f i g u r e  t o  your  

The memorandum was inc luded  

I t i s  n o t  c l e a r  t o  me which o f  these d ischarge est imates 

Research S c i e n t i s t  
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In1 and Maters Directorate  
Vancouver, B .C . 
March 16, 1979 

REVIEW OF YUKON ENVIRONMENTAL TERMS, CONDITIONS AND RELATED GUIDELINES, 
ALASKA HIGHWAY GAS PIPELINE, DRAFT 11, DATED FEBRUARY 1 ,  1979 

1 .  The use of such statements a s  ''adequate level of s i t e - spec i f i c  data on 
hydrological and geotechnical regime" i n  sect ion 2.16.1, l'natural hydro- 
logic  regimes" i n  sect ion 2.17.1 ( a )  and "pre-construction leve ls"  of 
suspended sediment i n  sect ion 4.8.16(a) a r e  problematical because of t he  
general lack of baseline data.  
the Terms and Conditions must car ry  the provision: "Because of t he  general 
lack of hydrologic data the company shal l  take every o p p o r t u n i t y  i n  the  
per iod ava i lab le  prior t o  construction t o  record hydrometric and suspended 
sediment information ' i n  order t o  obtain a more adequate understanding of 
the  natural hydrologic regimes." 

For these statements t o  be c red i t ab le ,  

2. Water qua l i ty  standards i n  sect ion 4.4.1 should be flagged with references.  

W i t h  respect t o  guideline 4.4.1 (b) dissolved oxygen l eve l s  have been 
observed a s  low as  3 mg/l under natural conditions.  A reduction o f  this 
level by 20% may be t o o  severe. For fu r the r  information on natural D.O.  
depressions reference s h o u l d  be made t o  Inland Waters Directorate  repor t  
e n t i t l e d  Water Qual i ty  Processes and Conditions i n  the  Ogilvie and Swift 
River Basins, Yukon Terr i to ry ,  and EPA 660/3/74/008 report  e n t i t l e d  
Low Winter Dissolved Oxygen i n  Some Alaskan Rivers. 

3 .  

4. Guideline 4.4. l (g)  would be of no value f o r  winter months a s  an o i l  o r  
grease sheen would n o t  be v i s ib l e  when under i c e  cover. 

Guideline 4.4.3 assumes close re la t ionship  between tu rb id i ty  and suspended 
sediments. 

5. 
D u r i n g  a f r e she t  apparent h i g h  t u rb id i ty  could be caused by 

.. high dissolved organics ra ther  than suspended sediments. Accordinglp, the 

following sentence should be added t o  the guideline: "Where h i g h  l eve l s  of 
dissolved organics a r e  observed, a procedure based on d i r e c t  sampling of 
suspended sediment concentration should be used." 
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Appendix F - Microbial Water Quality of the Ogilvie and Swift 
River Basins 

- December 1978 

5. Review of the Environmental Impact Statement Alaska Highway Gas Pipeline 
i n  the  Yukon Terr i tory 
- March 1979 
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Vancouver , B .C . 
A p r i l  10, 1979 

REPORTS ON STUDIES RELATED TO ALASKA HIGHGJAY GAS PIPELINE IN YUKON TERRITORY 

INLAND GJATERS DIRECTORATE 

1 .  Alaska Highway Pipe1 ine Investigations,  Preliminary Report 
- June 3, 1977 

2. Investigations of Alternative Routes t o  Alaska Highway Pipeline,  
Prel irriinary Report 
- June 8,  1977 

3 .  A n  Assessment of the Yukon Section of the Alcan Pipeline Emphasizing 
Water Qual i t y  Problems 
- June 30, 1977 (Revised July 10, 1977) 

4. Water Investigations Along The Alaska Highway Pipeline Route In The .  
Yukon Terr i to ry  

I 
I 
I 
1 

Main Report 
Appendix A - Streamflow and Suspended Sediment a t  Selected S i t e s  

Along the Alaska Highway Pipeline Route i n  the 
Yukon Terr i to ry  

Yukon Terr i tory f o r  Examination of Pipeline Proposals 
Appendix B - A Study of Selected Hydrologic Quant i t ies  of the 

Appendix C - Channel Geometry of Streams i n  the Yukon Terr i to ry  
Appendix D - Kinematic Wave Rode1 
Appendix E - Water Quality Processes and Conditions i n  the Ogilvie 

and Swift River Basins, Yukon Terr i tory 
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