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WATER INVESTIGATIONS ALONG THE ALASKA HI.GHWAY 
P I P E L I N E  ROUTE IN THE Y U K O N  TERRITORY 

ABSTRACT 

Small stream hydrology, water quali ty and  r iver  hydraulics along 
the Alaska Highway were studied by reconnaissance methods from :lay 1977 t o  
September 1978. The objective was t o  develop estimates of baseline d a t a  
fo r  the review of the proponent's Environmental Impact  Statement. 

Peak flows were estimated for  various return periods a t  representa- 
t i ve  small streams based on several techniques, including (1) Regional 
frequency analysis ,  ( 2 )  Envelope curve, ( 3 )  Channel geometry and ( 4 )  Water- 
shed modelling. Field work fo r  the development of these estimates included 
the operation of  16 c re s t  stage gauges and the survey of stream channel 
geometry. 

Pipeline construction will probably s t r e s s  the aquatic ecosystem 

To contribute t o  knowledge required for  consideration 
t h r o u g h  (1) increased s i l t  concentrations and ( 2 )  increased organic and  
inorganic loadings. 
of potential water qual i ty  problems, a short-term, two drainage basin study 
was undertaken of conditions existing in the southern and  northern sections 
of the pipeline corridor.  
a t  these two location~s provide the required d a t a  base from which general 
chemical and biological process information could be extrapolated. 

The contrasting hydrology, geology and climate 

During 1978 high water period a p i lo t  scour assessment was made of 
Donjek River and a number of typical small streams. An aer ia l  photo and  map 
interpretat ion was made of meander patterns with the objective of determining 
where pipe1 ine a c t i v i t i e s  may have a detrimental e f f ec t .  Logarithmic 
relationships between suspended sediment concentrations and  discharge have 
been developed t o  permit ten ta t ive  estimates t o  be made of a stream's 
capabili ty t o  transport  sediment, and  t o  project increases in suspended 
and deposited sediments t h a t  could resu l t  from increased supply during 
construction ac t iv i ty .  
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D U  P I P E L I N E  D E  L A  R O U T E  D E  L ' A L A S K A ,  

A U  Y U K O N  
- 

Des e x p e d i t i o n s  de r e c o n n a i s s a n c e  e f f e c t u e e s  de 

mai 1 9 7 7  a septernbre  1 9 7 8  nous o n t  permis  d ' e t u d i e r  l ' h y d r o l o g i e  

des  p e t i t s  c o u r s  d ' e a u ,  l a  q u a l i t 6  des  eaux e t  l ' h y d r a u l i q u e  

des  c o u r s  d ' e a u  l e  l ong  d u  t r a c e  de l a  r o u t e  de 1 ' A l a s k a .  Ces 

e t u d e s  a v a i e n t  p o u r  b u t  de r e c u e i l l i r  des  donnees f o n d a m e n t a l e s  

e s t i m a t i v e s  d e v a n t  s e r v i r  ti 1 'examen d ' u n  Enonce d e s  i n c i d e n c e s  
0 

e n v i r o n n e m e n t a l e s .  

Nous avons  e v a l u e ,  a l ' a i d e  de d i f f e r e n t e s  methodes 

( 1 )  de s  a n a l y s e s  de  l a  f r e q u e n c e  r e g i o n a l e ;  2 )  l e s  c o u r b e s  

e n v e l o p p e s ;  3 )  l a  geometric des chenaux;  e t  4 )  l a  m o d e l i s a t i o n  

des b a s s i n s  hydrograph i  q u e s )  l e s  debi  t s  maximaux c o r r e s p o n d a n t  

a d i v e r s e s  p e r i o d e s  de r e t o u r  p o u r  des  p e t i t s  c o u r s  d ' e a u  t . yp iques .  

La c o l l e c t e  de c e s  i n f o r m a t i o n s  s u r  l e  t e r r a i n  a n e c e s s i t e  l ' u t i -  

l i s a t i o n  de 1 6  e c h e l l e s  a maxima e t  des  r e l e v e s  de l a  geometric 

des t r a c e s  des  c o u r s  d ' e a u .  

Les i n c i d e n c e s  p r o b a b l e s  de l a  c o n s t r u c t i o n  d u  p i p e l i n e  

s u r  l ' e c o s y s t e m e  a q u a t i q u e  s o n t :  1 )  une augmen ta t ion  de l a  con-  

c e n t r a t i o n  d u  l i m o n ;  e t  2 )  une augmenta t ion  des  c o n c e n t r a t i o n s  de 

m a t i e r e s  o r g a n i q u e s  e t  i n o r g a n i q u e s .  P o u r  a j o u t e r  a u x  c o n n a i s s a n c e s  

n e c e s s a i r e  a l a  p r i s e  en l i g n e  de compte des problemes  e v e n t u e l s  

de l a  q u a l i t e  de l ' e a u ,  une e t u d e  a c o u r t  terme de deux b a s s i n s  

h y d r o g r a p h i q u e s ,  p o r t a n t  s u r  l e s  c o n d i t i o n s  qui  e x i s t e n t  dans 

l e s  p a r t i e s  n o r d  e t  sud  d u  t r a c e  d u  p i p e l i n e ,  a P t e  mise  s u r  p i e d .  
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Les c o n d i t i o n s  h y d r o l o g i q u e s ,  g e o l o g i q u e s  e t  c l  i i na t iques  opposees  

de ces  deux r e g i o n s  nous f o u r n i s s e n t  l e s  donnees  fondarnenta les  a 

p a r t i r  d e s q u e l l e s  nous dedu i sons  l e s  r ense igne rnen t s  g e n e r a u x  

p o r t a n t  s u r  l e s  p r o c e s s u s  chirniques e t  b i o l o g i q u e s .  

Pendan t  l a  p e r i o d e  des  h a u t e s  eaux  de 1978,  une 6 v a l u a -  

t i o n  p i l o t e  de l ' a f f o u i l l e m e n t  a 6 t 6  e n t r e p r i s e  sur  l a  Donjek e t  

u n  c e r t a i n  nombre de p e t i t s  c o u r s  d ' e a u  t y p i q u e s .  Une e t u d e  

de l a  c o n f i g u r a t i o n  des  rneandres,  menee a b i e n  a l ' a i d e  de 

1 ' i n t e r p r e t a t i o n  de c a r t e s  e t  de p h o t o g r a p h i e s  a e r i e n n e s ,  

a v a i t  pour  b u t  de d e t e r m i n e r  l e s  e n d r o i t s  0 0  l e s  a c t i v i t e s  

l i e e s  a u  p i p e l i n e  r i s q u e n t  d ' a v o i r  u n  e f f e t  n u i s i b l e .  Les 

r a p p o r t s  l o g a r i t h m i q u e s  qui  e x i s t e n t  e n t r e  l a  c o n c e n t r a t i o n  

des m a t i e r e s  en  s u s p e n s i o n  e t  l e  d e b i t  o n t  6t.e e t a b l i s  a f i n  

d ' e v a l u e r  l a  competence d ' u n  c o u r s  d ' e a u  e t  d ' e x t r a p o l e r  

1 ' a u g m e n t a t i o n  de l a  c o n c e n t r a t i o n  des  m a t i e r e s  en s u s p e n s i o n  

e t  de l a  s e d i m e n t a t i o n  qui  p o u r r a i t  d e c o u l e r  d ' u n  a p p o r t  

p l u s  g r a n d  de m a t i e r e s  pendan t  l a  c o n s t r u c t i o n .  
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INTRODUCTION 

Assessment of the hydrologic impact of the proposed Alaska Highway 
gas pipeline i s  contained i n  the I n l a n d  Waters Directorate report dated 
June 3 ,  1977. 
baseline d a t a  t o  f a c i l i t a t e  review of the proponent's Environmental Impact 
Statement. Information collected from the f i e l d  i s  l imited,  b u t  was aimed 
a t  areas where d a t a  deficiencies a re  of greatest  importance. 
l inary areas are  involved: 

The purpose of the present report i s  t o  present estimates of 

Three discip- 

I Small Stream Hydrology 

For consideration of mitigative measures related t o  erosion, drainage 
disruption, drainage diversions and  s i l t a t i o n ,  a n  understanding of flood 
character is t ics  of streams i s  required a l o n g  the pipeline corridor.  However, 
very l i t t l e  baseline informat ion  ex is t s  par t icular ly  f o r  streams w i t h  small 
drainage areas.  Traditional methods f o r  estimating flood-frequency charac- 
t e r i s t i c s  a t  ungauged s i t e s  include the use of ra infa l l  records, and  the 
relationships between streamflow records and basin charac te r i s t ics .  
methods alone are  insuff ic ient  for  the Alaska Highway Pipeline route because 
of inadequate precipitation and  streamflow records and  because of t he i r  
var iab i l i ty  among subregions. Empirical and/or  synthetic approaches, therefore,  
have t o  be included in generating the necessary hydrologic d a t a .  
reliance cannot be placed on any one par t icular  approach; experience indicates 
t h a t  d i f ferent  approaches produce differ ing resu l t s  with attendant wide 
confidence 1 imi t s .  

These 

However, fu l l  

The main focus of the report i s  a reference on design flows for  small 
streams based on various estimating techniques, against which estimates made 
by others could be compared. 

Water Qual i tx 
The question t h a t  re la tes  t o  water quali ty i s  whether increased 

suspended sediment loads in streams caused by construction and maintenance of 
the Alaska Highway Pipeline will degrade the qual i ty  of the r iver  systems. 
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Most of the available knowledge on the e f fec ts  of increased 
sedimentation, increased turbidi ty  and oxygen depletions has been derived 
from studies of streams in temperate and h o t  climates and  very l i t t l e  work 
has been done in cold climates. 

Since needed information i s  required within a very short period 
I t  of time, only a minimum amount of investigation could be carried o u t .  

was considered t h a t  t h i s  could be done best on the basis of a short-term 
study of two representative r iver  basins: Swift a n d  Ogilvie Rivers. 

River Hydraulics 

Mitigative me(asures associated with r iver  crossings a re  expected 
t o  require special a t tent ion during Environmental Impact Statement review 
part icular ly  a t  r ivers  located a long  the corridor extending 150 miles south 
of the Alaska-Yukon border. 
f lash f l o o d i n g  and  are  constantly chang ing  channels; some have scour depths 
o f  over 20 f ee t .  
was made of one large and  a number of typical small streams. An aer ia l  
photo and map interpretat ion was made of meander patterns and areas 
determined where pipeline a c t i v i t i e s  may have a detrimental e f f ec t .  

These r ivers  a re  glacier-fed,  a re  prone t o  

D u r i n g  1978 high water period a p i lo t  scour assessment 

Logarithmic relationships between suspended sediment concentrations 
and discharge are presented in Appendix F which permit ten ta t ive  estimates 
t o  be made of a stream's capabi l i ty  to  transport  sediment, and t o  project  
increases in suspended and deposited sediments tha t  could r e su l t  from 
increased supply from construction ac t iv i ty .  

PHYSIOGRAPHY A N D  DRAINAGE 

Alaska Highway traverses f ive  physiographic divisions in the Yukon 
Terri tory.  Star t ing from Alaska-Yukon border they are:  Yukon Plateau, 
Shakwak Trench, Boundary Ranges of the Coast Mountains, Cassiar Mountains 
and the Liard Plain (Bostock, 1967) .  
main drainage basins crossed by the Alaska Highway Pipeline route: White 
River, Alsek River, Takhini River, Yukon River, Teslin River and  Liard 
River. (Figure 1 )  

Within these divisions l i e  the s ix  
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Yukon Plateau North - Location : MP 1221 - 1117 

Topography : Generally f l a t  w i t h  areas of low muskeg, 
laden w i t h  shallow lakes and sloughs; elevations vary 
between 1850 and 2400 f e e t .  

Except f o r  Beaver Creek, t r ibutary streams i n  
this area generally have a very constant discharge; 
increases in discharge t h a t  can be observed d u r i n g  
summer months a r e  a t t r ibuted to  the melting o f  

permafrost. Beaver Creek with i t s  drainage area 
originating in the Wrangell mountains a t  elevations 
of between 7000 and 8000 f e e t  i s  n o t  typical f o r  the 
area; i t  i s  violent a t  flood stage and i t s  gravel 
banks a r e  highly erodable. 

Soils : Peat and volcanic ash  overlying gravels; 
underlain w i t h  discontinuous permafrost. 

Major Drainage Basins : White River, a t r ibutary of 
the Yukon River; larger  streams a r e  g lac ie r  fed. 

Shakwak Trench - Location : MP 1177 - 1036 

Topography : Trench i s  long, narrow, generally f l a t  
( f l oo r  elevation 2400 f e e t )  confined by the Kluane 
Plateau t o  the M.E. and the S t .  Elias Mountains t o  
the S.W. Within the trench streams a re  glacier  fed,  
steep and subject t o  f lash floods; large r ive r s  
cross the Trench approximately a t  right-angles i n  the 
northeasterly di r ec t i  o n .  

Kluane Lake, the largest  lake in the Yukon, l i e s  
within the Shakwak Trench valley f loo r ;  i t s  west 
shore i s  characterized by h i g h  energy, gravel-fed 
streams whose fans a re  act ively aggrading. 
of the Duke River substant ia l ly  controls the level of 
the lake. 

The fan 



Yukon Plateau South 

Boundary Ranges, 
Coa s t a1 Mount a i ns 

Cassiar Mountains 
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S o i l s  : Outwash deposits,  volcanic a s h  and s i l t ;  
a l luv ia l  fan deposits along the western shore of Kluane 
Lake. 

Major Drainage Basins : Donjek River, t r ibutary of White 
River, and Duke and Slims Rivers, t r i b u t a r i e s % o f  Kluane 
River and Kluane Lake respectively. 

- Location : MP 1036 - 996 

Topography : Follows Dezadeash Val ley (elevation 2500 
f e e t )  t o  the southern end of the Sifton Range 
(elevation 3500 f e e t ) ,  the divide between Alsek and 
Takhini River drainage basins. 

Soils : T i l l ,  sand, gravel w i t h  local occurrences of 
volcanic ash and lacustr ine s i l t .  

- Major Drainage Basins : Aishihik River, t r ibutary o f  

Dezadeash River; Dezadeash River, t r ibutary of Alsek 
River (coast drainage). 

- Location : MP 996 - 815 

Topography : Crosses T a k h i n i  River a t  elevation 2200 
f e e t ;  cl imbs steeply t o  elevation 4500 f e e t  in the 
Boundary Ranges; descends across Yukon River a t  
elevation 2400 f e e t ;  continues across Yukon Plateau 

2300 f e e t ) ;  follows 
n Lake and crosses Nisutlin 
ver valley t o  elevation 

t o  Teslin River (elevation 
northern shoreline of Tesl 
Bay; climbs along Morley R 
2800 f e e t  near Smart River 

Soils : Ti l l  , sand gravel w i t h  local occurrences of 
volcanic ash and lacustr ine s i l t .  

Major Drainage Basins : Takhini, Teslin a n d  M'Clintock 
Rivers, t r i b u t a r i e s  of the Yukon River. 

- Location : MP 815 - 751 
Topography : Moderately rugged w i t h  numerous broad 



Lia rd  Plain 
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valleys;  route climbs to  5000 f e e t  a t  the divide 
between Swift and  Rancheria Rivers and descends t o  
3000 f e e t  t o  Rancheria River. 

Soils : Sand ,  gravel and some t i l l .  

Major Drainage Basins : Swift River, t r ibutary of 
Teslin River; Rancheria River, t r ibutary of Liard River. 

- Location : MP 751 - 712 

Topography : Flat  and a t  elevation of 3000 f e e t ,  with 
r e l a t ive ly  deep r ive r  valleys. 

Soils : Glacial t i l l  with local occurrences o f  s i l t ,  
s a n d ,  gravel and  volcanic a s h .  

Major Drainage Basins : Rancheria and L i t t l e  Rancheria 
Rivers. 

CLIMATE 

The Coast and the S t .  Elias Mountains t h a t  form the western boundary 
of the Yukon drainage a re  an effect ive ba r r i e r  against Pacific weather influences 
because of t h e i r  continuity and  height. 
barr ier  against winter flow of cold polar a i r  from Northwest Te r r i t o r i e s .  However, 
this barr ier  i s  considerably lower and l e s s  continuous; consequently, "continental " 
influences a re  s t r o n g ,  causing occasional extremely cold periods in the winter. 
The North American record of -81OF was established a t  Snag.  

I n  the e a s t ,  the Rockies present a 

Because of the generally rugged t e r r a in  along the Alaska Highway, 
consisting of mountains, plateaux and valleys,  i t  i s  d i f f i c u l t  t o  map the climate 
accurately; a l t i t u d e  appears t o  be more of a climatic determinant than l a t i t u d e .  . .~ 
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Snag 
Haines Junc t ion  
Whitehorse 
Tesl i n  
Watson Lake 

The fo l lowing  data* i l l u s t r a t e  tempera ture  and p r e c i p i t a t i o n  
Val ues : 

Mean Annual Mean Annual Mean Annual 
Temperature ( O F )  R a i n f a l l  ( i n c h e s )  P rec ip .  (inches) 

21.5 8 .68  14.16 
26 .3  6.29 ’ 11.12 
30.5 5.60 10.24 
29.2 6.62 12 .83  
26.8 8.99 17.01 

SOURCES OF HYDROMETRIC DATA 

Table  1 l i s t s  Water Survey of Canada gauging s t a t i o n s  cons ide red  i n  

the a n a l y s i s .  Sources  f o r  these d a t a  a r e  the annual and h i s t o r i c a l  s t reamflow 
summaries of Sur face  Water Data f o r  the  Yukon and Northwest T e r r i t o r i e s ,  and 
British Columbia p u b l i s h e d  by Environment Canada, In land  Waters D i r e c t o r a t e .  
Table  2 l i s t s  the  small  s t ream network opera ted  by the Department o f  Indian  
and Northern A f f a i r s  i n  1978. 1978 d a t a  f o r  these s t a t i o n s  a r e  g i v e n  i n  
A p p e n d i x  A o f  this  r e p o r t ;  d a t a  f o r  s t a t i o n s  ope ra t ed  i n  p rev ious  y e a r s  a r e  
a v a i l a b l e  from Department of  Indian  and Northern A f f a i r s ,  Northern A f f a i r s  
Program, Whitehorse,  Y.T. 

SMALL STREAM HYDROLOGY 

c r o s s  
To a s s u r e  

ngs , i nformat 
adequate  p i p e l i n e  des ign  and c o n s t r u c t i o n  a t  channel 
on on magnitude and f requency  of river f lows  must be 

a v a i l a b l e .  
f low p r e d i c t i o n s ,  p a r t i i c u l a r l y  f o r  s t reams w i t h  small  d ra inage  a r e a s .  There 
a r e  19 s t reamflow obse rva t ion  s i t e s  i n  the nea r  v i c i n i t y  of  the  p i p e l i n e  

r o u t e ,  bu t  u s e f u l n e s s  of d a t a  a t  about  h a l f  i s  very  l i m i t e d  because o f  l a r g e  
upstream s t o r a g e  and the l a r g e - s i z e d  s t reams on which most s t a t i o n s  a r e  

However, very  l i t t l e  b a s e l i n e  d a t a  e x i s t  on w h i c h  t o  base r e l i a b l e  

*Development of Power in the Yukon, Appendix 2 ,  Hydrology, January  1975. 
Sigma Resource Consu l t an t s  Ltd.  
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located. Areas where lack of hydrologic information i s  par t icular ly  c r i t i c a l  
are the northeastern side of the S t .  Elias a n d  the southwestern side of the 
Cassiar Mountains. These also are the areas wherein hydrological impact of - 

pipeline construction aind operation i s  expected t o  be the grea tes t .  Expansion 
of the network for  the ;purpose of t h i s  study would n o t  be suf f ic ien t  as d a t a  
from newly established s ta t ions would  n o t  be for a long enough period t o  
provide reasonable measures of streamflow charac te r i s t ics  needed f o r  calcula- 
t ion of peak flows. The  deficiency in d a t a  led t o  estimation of extreme 
values based on a number of approaches : 

1 .  Dimensionless r a t i o  t o  the mean annual flood - - -  Appendix B 

2 .  Envelope curve, re la t ing maximum known floods t o  
drainage area s ize  - - - Appendix B 

3. Channel geclmetry versus flow charac te r i s t ics  - - - Appendix C 

4 .  Kinematic klave technique - - - Appendix D 

5.  Culvert s ize  

Comparison of resu l t s  tire shown in Table 3 .  
order in which they occur s ta r t ing  with Snag Creek a t  Alaska-Yukon border t o  
Albert Creek a t  B.C. -Yukon border. 
made of flood magnitudes a t  s i t e s  for  which they were calculated a n d  t o  
provide some t ransfer  value for  estimating flood values on other o r  nearby 
streams having s imilar  basin and  channel charac te r i s t ics .  Details on various 
approaches used a re  given i n  the above Appendices. 

The s i t e s  are  arranged in the 

The data allow d i r ec t  comparisons t o  be 

Discussion - 

The majority of streamflow records on which the f i r s t  two approaches 
are based concerns la rge ,  a n d  in many cases,  lake-controlled r ive r s ;  therefore ,  
there i s  a bu i l t - in  bias towards large streams. 
1978 snowmelt runoff tlo reduce t h i s  bias t h r o u g h  oeeration of a network of 
crest-stage gauges on small streams along the highway. 
level of runoff was generally low there was insuf f ic ien t  basis on which t o  
modify the relationships developed e a r l i e r .  

An attempt was made during 

However, because the 
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Tradition<jl methods f o r  estimation of flood-frequency charac te r i s t ics  
a t  an ungauged stream, those based principally on precipi ta t ion data and those 
which use re la t ions  between streamflow and basin charac te r i s t ics  sometimes a re  
inadequate because of large spacial va r i ab i l i t y  in  precipi ta t ion,  dominance of 
geologic fac tors  o r  insuf f ic ien t  streamflow data from comparable basins. 
approach wherein channel geometry i s  related t o  known flow charac te r i s t ics  a t  
existing gauging s ta t ions  provides an a l te rna t ive  fo r  estimating flow 
charac te r i s t ics  a t  ungauged s i t e s .  
basin information needed f o r  the t radi t ional  methods; channel s i z e  and shape 
a re  indicators of the topographic, geologic and climatic charac te r i s t ics  
upstream. The r e l i a b i l i t y  of flow predictions,  however, i s  determined largely 
by the consistency of data obtained a t  gauging s ta t ions  which i s  dependent on 
the existence of good hydraulic conditions and on sa t i s fac tory  evidence of 
bankfull stage.  Therefore, there a r e  some streams or stream reaches where the 
method i s  n o t  useful o r  could give misleading r e s u l t s .  
ephemeral drainage:; along the west shore of Kluane Lake and the braided 
channels of Slims, Dorijek and White Rivers. In addition, occasionally geographic 
location 
f o r  the regime does not apply because of major difference i n  local t e r r a in  and/or 
material through which the channel is  cu t  from the overall basin charac te r i s t ics .  
Examples a re  the Lubbock and Tagish streams. 
always an acceptable c r i t e r ion  fo r  appl icabi l i ty  of a par t icu lar  re la t ion .  

A n  

This method does n o t  require the detai led 

Examples a re  the 

f o r  a stream indicates a par t icular  flow regime, ye t  the relat ionship 

T h u s ,  geographic location i s  not 

Most culver ts  and bridges along the Alaska Highway appear t o  have 
adequate openings fo r  passage of flood flows, a s  any overtopping t h a t  has 
occurred h is tor ica l ly  can be a t t r ibu ted  t o  morphological problems. Accordingly, 
where a culver t  has been i n  existence f o r  suf f ic ien t  number o f  years the cal-  
culated capacity can be a simple rational indicator  of the maximum flood flow 
of the stream. 

When there a re  insuf f ic ien t  hydrologic data f o r  dependable flood- 

frequency analysis ,  empirical approaches a re  often used f o r  determination of 
peak flows. Commonly, basin drainage area modified f o r  topography and climate 
i s  the basic parameter fo r  empirical estimates of design floods. 
empirical techniques serve a useful purpose i n  being a fur ther  check on the 
application of other methods. 
such an empirical technique. The method used combines the Kinematic Wave 

Such 

The Kinematic Wave Plodel has been used here a s  
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theory f o r  determining peak flows from climatic and topographic parameters 
with s t a t i s t i c a l  theory, and  analyzes precipi ta t ion d a t a  t o  produce estimates 
of the flood frequency d a t a  f o r  ungagued basins. 

RIVER HYDRAULICS 

Construction associated with stream crossings may af fec t  the morphologic 
regime of  the streams. 
construction and support a c t i v i t i e s ,  o r  indirect  a n d  long term, those caused by 
the operation a n d  maintenance of the constructed works. 

The e f fec ts  may be d i rec t  and short  term, those caused by 

l$J I 
During construction, trenching in streambeds a n d  banks -rna+introduce 

l y . 6  . I  
sediment which GOUU be in excess of what i s  normally carried by the stream a n d  

t o  which the ecology i s  adjusted t o  t o l e ra t e .  
will allow the determination of the optimum methods and means of construction, a s  
well as the scheduling of  the operation. 

1:nowledge of the related parameters 

Clearing of vegetation for  the right-of-way, the disturbance of s o i l s  
by construction a c t i v i t i e s ,  the benching of slopes and  other associated changes, 
may cause continuous inflow of sediment into watercourses. The pipeline trench, 
i f  not properly backfilled may become a surface drainage l a t e r a l ,  conveying large 
amounts of sediment into watercourses. 

Improperly backfilled banks can be a potential h a z a r d ,  especially i-n 

/ discontinuous permafrost areas.  
exposed when the 5,treambed becomes scoured o u t .  
streambeds may necessitate the placement o f  equipment onto  the stream during 

Insuff ic ient ly  buried pipeline may become 
Breakages of the pipeline in 

- -  
J 

sensi t ive times o f  the year.  dL ' - * '  ((<\'yr d.' -42 c I / : -  /y< ' L  

Pipeline construction a t  stream crossings c o u l d  disrupt the meandering 
of streams, accelerate i t s  propagation a n d  cause excessive sedimentation. 

These arid other possible impacts of the pipeline on r ivers  and  streams 
along i t s  route make i t  imperative t h a t  r iver  hydraulic aspects,  erosion a n d  

sedimentation be well understood. 
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1 

State of Knowledae 

Sediment transport  mechanics i s  a rather inexact science. What ex i s t s  
i s  knowledge in the empirical stage.  So called "theories" refer  t o  par t icular  
streams and one must be careful o f  where and  how t o  a p p l y  them. 
the evaluation o f  problems depends almost wholly on the understanding the 
analyser has of  t h e  stream. 

I n  most cases, 

Streams along the route of the pipeline belong t o  a wide range of 

llost of the available 
categories.  
sediment regimes of' these streams even more complex. 
knowledge has been derived from studies o f  streams in temperate and  h o t  climates 
a n d  very l i t t l e  work has been done in cold climates. 

Moreover, pa r t i cu la r i t i e s  of the North make understanding of the 

Data on the streams of the Yukon dre very sparse. For most o f  the 
streams of concern there are no d a t a ,  and in most cases even the hydrology of 
the streams i s  inatlequate. 

Since solutions must be given t o  problems now, or within a very 
short  period of  time, only a minimum amount o f  d a t a  can be collected.  
f i e ld  t r i p s  have been carried o u t  t o  help understand sedimentation processes 
of various streams. Observations t h a t  have been made can a s s i s t  in determining 
only "ball park" f igures for  the parameters involved. 

Several 

Available Data 

Peak flows f o r  several return periods are contained in Table 3, 

-- 

pages 30 t o  47 .  
a l o n g  the Alaska t!ighv/ay are l i s t ed  in Appendix A .  Table 4 summarizes key 
events i n  the River HJydraulics f i e l d  a n d  o f f ice  program. 

Available hydrometric and  sediment survey d a t a  for  streams 

I 



11. 

Appl i cat i  on - of Results 

A .  Streambed Scour 
_I--- 

An inherent uncertainty exists in every scour estimate "ecause of the 
complexity of consi dera-tions involved; these include the adequacy of  hydrometric 
d a t a ,  the selection of design flow value, the r e l i a b i l i t y  of geotechnical and 

morphological d a t a  such as the streambed par t ic le  s i ze  dis t r ibut ion a n d  channel 
slope, and  the incidencle of localized scour such as t h a t  associated with ice 
jams and channel res t r ic t ions  during construction. Added t o  these factors  are  
the uncertainties related t o  the appl icabi l i ty  of scour equations t o  a par t icular  
stream. 
have been derived from experiments a n d / o r  f i e l d  observations f o r  par t icular  
streams . 

The equations tend t o  be empirical, whose coeff ic ients  a n d  exponents 

For seasonal streams such as the high energy, a l luvial  bedded streams 
discharging into t h e  west shore of  Kluane Lake (Figures 2 a n d  3 ) ,  the equations 
do n o t  apply, because of the severe la te ra l  m i g r a t i o n ;  f o r  these types of 

streams detailed information i s  required on the hydrologic a n d  geotechnical 
charac te r i s t ics  for  eac:h par t icular  s i t e  before a judicious selection of 
potential scour depth c:ould be made. 

Application of the scour equations t o  a braided stream such as the 
Donjek River i s  hazardous because la te ra l  erosion a n d  changes in braided 
patterns (Figures 4 - 7 )  are  s ignif icant  complements t o  the ver t ical  scour or 
deposition. For such r ivers  ver t ical  change can best be determined from 
soundings obtained during a passing flood. 
measured a t  the Donjek River during the 1978 high water period. Table 6 gives 
mean veloci t ies  a t  the points within the cross-section where ver t ical  changes 
were measured. 

Table 5 summarizes ver t ical  changes 

Table 7 and  Figure 8 present estimates of scour for  a representative 
number of  small streams (Figures 9-31) along the route where scour equations 
were considered t o  be generally applicable. 
cross-sections a n d  a re  subject t o  re la t ive ly  small changes in flow patterns.  
However, i t  i s  important t o  point o u t  t h a t  the scour values l i s t e d  a re  based 
on regional curves giving "average" channel geometry d a t a  generated f o r  Appendix C .  

These streams have "incised" 
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Some streams will have 'less scour t h a n  shown; others will have greater  scour. 
Therefore, considerable caution should be exercised when extracting calculated 
values from Table 7 a n d  Figure 8 .  

B. Sediment 

Construction a c t i v i t i e s  such as trenching and gravel excavations will 

____- 

increase s i l t a t i o n  in lakes a n d  streams along the proposed Alaska Highway 
pipeline route; t e r ra in  disturbance such as removal of fores t  cover and ground 
vegetation will a lso increase sediment supply, a n d  'volume added will tend t o  be 
proportional t o  the land area disturbed by technological a c t i v i t i e s .  I n  order 
t o  assess the capacity of the r iver  systems t o  carry away the added sediment 
supply a n d  t o  consider e f fec ts  of sediments on stream ecosystems, i t  i s  
important t o  present a t  l ea s t  a condensed picture o f  the natural suspended 
sediment movements -in the area of concern. 

&lad > - /  3' 

From Appendix A i t  i s  evident t h a t  available sediment survey d a t a  
f o r  Yukon Terri tory do  n o t  encompass a long enough period on suf f ic ien t  number 
of streams t o  provide basic d a t a  needed f o r  t h i s  purpose. Arrangements t h a t  
were made i n  l a t e  simmer of 1977 for  a program of miscellaneous sampling a t  
small stream hydrology s ta t ions  were unfruitful  because of the continued low 
level of streamflow t h r o u g h  1978 snowmelt period. As an a l t e rna t ive ,  the 
family of regression l-ines re la t ing suspended sediment concentration t o  
discharge, developed a t  time of Mackenzie Valley pipeline investigations", were 
expanded t o  include a number of s i t e s  along Alaska Highway route having 
re la t ive ly  long suspended sediment record (Figure 32) , a n d  interpretat ions 
were made in a n  attempt t o  s a t i s fy  the above purpose. 

1 were drawn using less  than  adequate da-ta;  however, they a re  considered t o  be 
suf f ic ien t ly  accurate;to provide a usable approximation of a stream's morpho- 
logical charac te r i s t ic .  

The regression l ines  

/: : 

Sediment rating curves relat ing suspended sediment t o  water discharge 
(Figure 32) i s  a basic tool in wide use in hydrologic practice.  They are  
generally used in estimating suspended sediment concentrations between sampling 
dates. 

*G.J. Brunskill , el; a l .  The Chemistry, f.linerology, a n d  Rates of T r a n s p o r t  o f  
Sediments in the Mackenzie a n d  Porcupine River Watersheds, 
N.W.T. a n d  Yukon ,  1971-73. 
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Also,  Abrahams and Kellerhails* have suggested t h a t  with careful evaluation of  
available d a t a  these regression l ines  may be useful in predictive estimation of 
sediment concentrations a n d  ra tes  of transport of  sediments result ing from 
te r ra in  disturbance. 

Possible interpretat ions of the regression l ines  in Figure 32 a re  
presented below t o  serve as an  aid i n  the review of the EIS. 
1 .  I t  i s  typical t h a t  sediment concentration increases with water discharge. \ 

(: ,a/ Rate of increase or the slope of  the regression l i ne  can provide an 
approximation o f  a stream's morphological charac te r i s t ic .  
When the l ine  slopes s teeply,  i t  indicates t h a t  suspended sediment 
concentration increases rapidly with discharge, as may be in the case of a 
steep t r i  butary{s_tyeam)vi /* t h  numerous r i  11 s and  1 arge surface flow areas.  

&' 

/ 8 2 .  I/ 

3 711- 
s T h e s m . . t ? z c a n  exert a great erosional Pressure on t h e i r  watersheds a n d  

3 .  

4. 

transport  large quanti t i e s  of sediment. 
Alsek Rivers arid the a l luvial  streams a l o n g  the west s ide of Kluane Lake. 
Such streams carry away clay,  s i l t s  a n d  f i ne  sands considerable distances,  
leaying bshind only gravel and boulders. 
Streams _- east  o f  Whlitehorse generally have lower regression l i ne  slope values. 
Examples are:  5wift River and  Liard  River a t  Fo r t  Liard. 
have re la t ive ly  low re l i e f  and  thick deposits of s i l t  a n d  lacustr ine 
sediments; streams here exert  l esser  erosive energy a n d  have lower capabi l i ty  
t o  transport  sediments. 
disturbances gwera l ly  will s e t t l e  t o  the streambed close t o  the s i t e  of 
addition. See also Sediment Regimes, page 20. 
Rivers with many 'lakes in the i r  watersheds are  usually re la t ive ly  f ree  of 
suspended sediment due t o  the s e t t l i n g  e f f ec t  in the lakes and  the regression 
l ines  will slope at much less  t h a n  45'. 
streams t o  carry sediments between lakes may nevertheless be high. 
Consequently any increased sediment supply due t o  pipeline a c t i v i t i e s  may 
have a considerable detrimental e f fec t  on such r ive r s ,  par t icular ly  since 
lake-controlled r ivers  tend t o  be productive biologically.  

Examples are:  Donjek, White a n d  

d,ucq:  

The watersheds 

Increased sediment supply due t o  construction 

The available capacity of these 

I t  must be emphasized t h a t  the above interpretat ions a re  based on 
minimal d a t a  'detai l  ; greater confidence can resu l t  from a program o f  continued 
monitoring of the average and  above average runoff  events. 

*Proceedings, Canadian Hydrology Symposium, University of Alberta, Edmonton, 
flay f; and  9 ,  1973. 



14. 

C .  Stream - Meander a n d  Lateral Migration 

Aerial photographs of the pipeline route were studied with the 
objective of ( a )  pinpointing c r i t i c a l  areas of natural meander propogation a n d  
( b )  assessing whether pipeline construction a c t i v i t i e s  may cause acceleration 
of meander advance. Based on a comparison of aer ia l  photographs (scale  
1 inch = 3000 f ee t  dated April 1978, a n d  scale 1 inch = 6200 f ee t  dated early 
1950's) no rapid migration zones were detected. Nevertheless the meander a n d  
l a te ra l  migration problem warrants detailed consideration of a l l  factors  related 
t o  construction a c t i v i t i e s  t h a t  could t r igger  l a t e ra l  migration. Streams in the 
150 miles east  of  Alaska-Yukon border a re  par t icular ly  susceptible;  here the 
shape of the r iver  cross-sections,  roughly described by the i r  width-to-depth 
r a t i o ,  are  generally such t h a t  they accommodate increasing discharges by increases 
in r iver  width r a t h e r  t h a n  by large increases in r iver  depth. 

Construction a c t i v i t i e s  t h a t  could subject streams t o  l a te ra l  migration 
are  mainly those which involve removal or destruction of vegetation. The 
slumping t h a t  resu l t s  from removal of vegetation leaves the area vulnerable t o  
f 1 oods . 

D.  Drainaae A 1  ternation 

There i s  a potential for  the n a t u r a l  drainage pattern al ternat ion a t  
many areas along the pipeline route. 
of flow adjacent t o  andl possibly within the trench. 
soi l  such as the glacial- lacustr ine deposits,  backfil l ing with granular s o i l s  in 
place of  the in s i t u  material i n  an  attempt t o  reduce frost-heave may create  a 
potential pathway for  downslope flow. 

This could be in the form of "channelization" 
I n  areas of fine-grained 

The numerous small, high energy streams with act ively moving beds of 
s i l t ,  volcanic ash,  gravel a n d  boulders t h a t  descend from Kluane Range a n d  empty 
into Kluane Lake have the greatest  potential in creating a serious drainage 
problem. 
the fans they a re  unconstrained and a re  f ree  to  s h i f t  t he i r  courses. 
floods the bed material chokes the channel, causing the stream t o  abruptly flow 
o u t  a n d  find a new channel elsewhere, where i t  scours down a s imilar  channel 
(Figures 2 and  3 ) .  The question i s  w h a t  happens when a n  excavation transverses 
the general drainage pattern of t h i s  type of surface material ,  generally underlain 
with permafrost. Addeld t o  t h i s  knowledge g a p  i s  the general l a c k  of hydrologic 
understanding of the area.  

The streams are  contained in the mountains by channel walls,  b u t  on . 
During 
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\ WATER QUALITY 

Alaska Highway p i p e l i n e  i s  expected t o  c ross  some 250 streams i n  

an area o f  Canada f o r  which l i t t l e  s c i e n t i f i c  i n f o r m a t i o n  i s  a v a i l a b l e  on 
t h e  a q u a t i c  environment,  Water q u a l i t y  and m i c r o b i o l o g i c a l  s t u d i e s  have i n  

general  been l i m i t e d  ' to s p r i n g  and summer months; a lso ,  t a c i t  assumptions e x i s t  

i n d i c a t i n g  t h a t  o n l y  l i t t l e  b i o l o g i c a l  a c t i v i t y  occurs d u r i n g  t h e  w i n t e r ,  and 

3 t h a t  t h e  a q u a t i c  system would be leas t -s - t ressed -- by man's a c t i v i t i e s  d u r i n g  
t h i s  season, 

l i n e  c o n s t r u c t i o n  and t o  be ab le  t o  assess t h e  proponent 's  m i t i g a t i o n  

measures i t  was considered necessary t o  a c q u i r e  a b e t t e r  understanding of 
water  q u a l i t y  and b i o l o g i c a l  processes i n  t h e  area. 
o f  two Yukon watersheds was c a r r i e d  o u t  between October 1977 and August 1978. 

I n  o r d e r  t o  adequately understand p o s s i b l e  impacts o f  t h e  p ipe-  

Thus, a 12-month s tudy  

P i p e l i n e  c o n s t r u c t i o n  may cause a number o f  water  q u a l i t y  problems, among 

I 

a) Increased sedimentat ion : The a q u a t i c  environment w i l l  be 
s u b j e c t e d  t o  widespread d i  s turbance because o f  many and repeated 
r i v e r  c ross ings ;  t u r b i d i t y  and sed imenta t ion  w i l l  l i k e l y  be 
i nc reased a t  many s t ream cross ings .  

b )  A l t e r a t i o n s  o f  sur face and groundwater f l o w  : Trench ing  may 
cause changes i n  b o t h  s u r f a c e  and groundwater f l o w  regime. 

The o b j e c t i v e s  o f  t h e  s tudy  were: 

1. To g a i n  an understanding o f  water  q u a l i t y  processes and c o n d i t i o n s ,  

p a r t i c u l a r l y  d u r i n g  t h e  w i n t e r ;  

To e s t a b l i s h  cyc les ,  t rends ,  and sources o f  v a r i a b i l i t y  i n  water  
chemis t ry  and b i o l o g y ;  

To determine m i c r o b i  ~_ .  a1 (a1 ga l  and bacter-i a1 ) a c t i v i t y  and p r o d u c t i  - 

2 .  

3 .  To r e l a t e  water  chemis t ry  t o  hydro logy,  geology, and b i o l o g y ;  
4. 

v i  t y  . 
Degree t o  which these o b j e c t i v e s  c o u l d  be met was l i m i t e d  by t h e  a v a i l a b l e  

t i m e  p e r i o d ,  t h e  l o g i s t i c  problems assoc ia ted  w i t h  w i n t e r  water  sampl ing and 
t h e  a v a i l a b l e  manpower resources. T h r u s t  o f  t h e  s tudy  was consequent ly  

d i  r e c t e d  t o  a c h i e v i n g  a qual  i t a t i  ve understanding o f  t h e  p o t e n t i  a1 env i ronmenta l  
problems; i t  was n o t  designed t o  meet b a s e l i n e  d a t a  requi rements f o r  an 

environmental  impact, assessment. 
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Location of Study Area 

The study was conducted i n  the Swift and Ogilvie River basins 
located i n  the south-eastern and north-central par ts  of the Yukon Terr i tory 
respectively (Figures 33, 34 and 35). 
watersheds are summarized below. 

General conditions of  the two 

PARAMETERS 81 CONDITIONS SWIFT R I V E R  OGILVIE RIVER 

Location: 
EiZiTEtes 
geographi c 1 ocati  on 

Hydro1 ogi c Paramete=: 
size o f  watershed 

maximum re1 i e f  
discharge record 
maximum d i  scharge 
mini mum d i  s charge 

130'45 ' - 1  3ZoW/59O45 -60'1 5N 137'30 ' -1 38'30 I W/65'-65'45 ' N  
Southeastern Yukon Terr i tory Northcentral Yukon Terr i tory 

~- _ _  - ~ -~ 

2 3870 km2 ( t o  m o u t h  a t  Teslin 7220 km 

1410 m 1190 m 
22 years 5 years 
15200 c f s  (6.11.64) 23400 c f s  (5.31.75) 

205 c f s  (3.26.69) 20 c f s  (2.12.75) 

( t o  Blackstone R .  
Lake) confluence) 

Water Supp 1 y : 
source surface run-off and ground- 

water discharge i n  head- water discharge a l l  along 
waters -bedrock channel 

surface run-off and ground- 

Geological Parameters: 
bedrock geology igneous and metamorphic sedimentary rocks 
dominant bedrock type granodiorite' 1 imestone 
geomorphol ogi cal we1 1 -rounded mountainous s t ruc tura l ly  controlled 
s e t t i n g  te r ra in  moun t a i  nous t e r r a i  n 
domi n ant s u r f i c i a 1 

Soi ls :  
dominant type regosol brunisol s regosol s , cryosol s 9 and 

Vegetation: 
dominant t r e e  cover 

approximate tree cover 60 % 25 % 

materi a1 t i l l ,  alluvium, peat col l  uviurn,all u v i u m ,  peat 

g l  eysol s and organic 

white and black spruce 8I 
lodgepole pine protected areas (tundra) 

organic 

stunted black spruce in 

Climatic conditions: 
temueratures (max-mi 1 1 )  -42OC t o  +3ZoC .47OC t o  +3loC 
precipitation'(max-min) 450 t o  660 mm 290 t o  350 mm 
approx. time of freeze- 
U P  mid t o  end of October ear ly  October 
approx.time of break-up b e g i n n i n g  of May l a t e  May 
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The Swift River basin was selected because i t  was t h o u g h t  t o  be representative 
of watersheds in the southeastern Yukon region. 
chosen t o  provide a n  extreme example of a drainage system in a permafrost 
environment having substantial  winter groundwater discharge; a sa t i s fac tory  
study basin fo r  t h i s  purpose could n o t  be found i n  the northern portion of the 
Alaska Highway route. 

The Ogilvie River basin was 

Discussion of Results 

A .  Hydrological Conditions Durir?g Winter 

Despite consistently cold temperatures ranging from -25' t o  -50°C, 
sections of open water were encountered in b o t h  r ivers .  Selective groundwater 
discharge was found t o  be the cause of open water sections in the Ogilvie 
River system, while ice  collapse,  accelerated flow, and t o  a l esser  extent ,  
groundwater were responsible for  open water sections in the Swift River. A 

great variety o f  i ce  types and  ice  thicknesses were observed in b o t h  systems; 
which included block i ce ,  layer i c e ,  cavernous i c e ,  and  aufe is ,  
thickness from 25 t o  greater t h a n  180 cm. Groundwater sources and 

ice  types 
ranged in 
regimes d 
di f f erent 

ffered greatly between the two basins resul t ing in dras t ica l ly  
flow rates  and  ice  build-up. 

B. Dissolved Oxygen 

A progressive decrease in dissolved oxygen concentrations was 
observed a s  the winter advanced, and  oxygen replenishment did n o t  occur unt i l  
ice  break-up had taken place. 
of stream conditions in bo th  watersheds, reaching levels a s  low as  3ppm. 
suggests t h a t  oxygen depletion i s  a natural process caused by a change in the 
balance o f  a number of fac tors ,  including algal and microbial resp i ra t ion ,  
groundwater, chemical oxygen demand under conditions o f  reduced temperature, 
r iver  flow, l i gh t  input,  a n d  reaeration. 

Oxygen depletion was found in a great  variety 
T h i s  
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18. 

C .  
Both  Ogilvie and Swift Rivers displayed annual cycles in many 

microbial, chemical and  physical parameters. They are  summarized below 

- Trends in Water Chemjstry and Biology 

together with apparent causes for  t he i r  var ia t ions.  
given in Appendices E a n d  F. 

Complete de t a i l s  a re  

( a )  Those parameters fo r  which the concentration increased 
throughout  the winter t o  reach maximum annual concen- 
- t ra t ion  a t  th ickest  ice  cover immediately pr ior  t o  
break-up. 

Pa ramet e r  
Specific conductance, 
a1 kal ini  t y  
Cay Mg, Nay Si , SO4 
N(N03 .f NO2)  

Parameters which were consistently low o r  decreased as  

Apparent cause for  variation 
Increased contribution of sa l ine  
groundwater, reduced input of surface 
water, and  t ransfer  of s a l t s  during 
freezing from sol id  t o  l iquid phase 

( b )  
winter progressed t o  increase abruptly during spring 
- high water. 

Parameter Apparent cause f o r  variation 

I ron ,  to ta l  phosphorous 
some t race metals sediment transport  

Dissolved oxygen 

I n  p a r t  related t o  flow and  

- 

Ice break-up allowing reaera- 
t ion aided by turbulent flow 

( c )  Parameters wh 
followed by a 

ch showed a decrease during early winter,  
s l i g h t  increase in l a t e  winter and  reaching 

-- maximum concentrations in l a t e  spring (following ice break-up) 
- a n d  ‘early summer. 

Pa rame t e r  

Flicroalgal and bacterial  
standing crops and  a c t i v i t i e s ,  
organic and inorganic nutri- 
ents  ,, non-f i 1 terahl e residues 
(Table 8 )  

Apparent cause fo r  variation 

Physiochemical parameters ; 
most s ign i f icant  are:  avai l -  
able l i g h t  fo r  microalgae and 
DOC for  bacter ia .  

--- 
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D. 

Cross-sectional and short-term variat ions were found t o  be 

Sources and Yagnitude of Variabi l i ty  i n  Water Chemistry 

s ignif icant ly  smaller t h a n  e i t h e r  spa t ia l  o r  seasonal for  most of the 
chemical parameters. Seasonal variations f o r  such parameters as spec i f i c  
conductance, p H ,  magnesium and s i l i c a  were found t o  be greater  t h a n  spa t i a l  
variations i n  the Ogilvie River system, while the reverse was the case fo r  
specif ic  conductance, pH, hardness, calcium and  sulphate i n  the Swift River 
system. Differences i n  hydrological a n d  drainage basin charac te r i s t ics  
a re  thought t o  be responsible f o r  the contrasting r e s u l t s .  
and minimum observed values in water chemis'try a re  shown below. 

Annual maximum 

Annual Maximum Annual Minimum 

Parameters Ogilvie Swift Ogilvie S w i f t  Units 

Specific 789.0 204.0 45.0 23.0 mhos/cm 

PH 8 . 4  8.2 2.8 7.0 
hardness 396.0 113.0 26.0 9 . 2  mg/l 
Ca 105.0 19.7 8.8 3.1  

37.5 6.9 0 .9  0.6 
Na 15.4 2.1 0 .2  0.7 
Mg 

K 1.1 0.8 0.2 0.2 
223.0 5.9 16 .7  1 . 7  

19.3 0.4 1 .o 0 .2  
6 .6  10.6 1.8 4.9 

River River River River 

conductance 

I1 

II 

II 

I 1  

I1 

11 

I1 
;:4 
S i  

Note: Excluding springs and lake water samples; including t r i b u t a r i e s .  

E. Point Versus Non-Point Sources i n  Water Chemistry 
Swift River is  controlled by non-point sources, and local d i f f e r -  

ences within the watershed a r e  a t t r ibu ted  t o  differences i n  the bedrock 
composition and s u r f i c i a l  mater'ials. Tributaries have a localized e f f e c t  on 
chemistry of the main stream b u t  since influence i s  consistent throughout the 
year i t  i s  implied t h a t  the b a s i n  i s  controlled by re la t ive ly  uniform drainage 
conditions. 
the most important i s  a black shale formation i n  Engineer Creek which contri-  
butes substantial  quant i t ies  of s a l t s ,  nu t r i en t s ,  and metals t o  the system. 
In places sulphur and calcium sulphate precipi ta tes  were observed. 
i s  formed i n  a lkal ine sect ions,  and acid water i s  produced t h r o u g h  py r i t e  
oxidation i n  several localized areas.  
dissolution of large quant i t ies  of iron and sulphate: 

A number of point sources dominate the Ogilvie River system; 

S ide r i t e  

The l a t t e r  process .is responsible f o r  
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F .  Groundwater Conditions 
Relative groundwater contribution i n  the two r i v e r  systems d i f f e r  

The water supply i n  the Swift River basin i s  controlled by d ras t i ca l ly .  
headwater springs, snow melt and summer precipi ta t ion.  
by a s e r i e s  of h i g h  mountain lakes w i t h  l i t t l e  evidence of groundwater 
seepage i n  lower sections of the basin. 
greatly influenced by groundwater i n  numerous portions of the basin. 
water stored i n  limestone quifers  i n  the Ogilvie basin i s  forced t o  flow 
along the t i l t e d  bedding plane and emerges t o  the surface a t  places where 
bedrock formation crosses the riverbed. In these sections open water was 
found in the winter arid overflows from t h a t  source were responsible f o r  ' 

build-up of icings downstream. 
different ia ted from stream flow i n  l a t e  winter when water chemistry could 
be used as  a s o r t  of f ingerprinting technique t o  locate and ident i fy  
d i f f e ren t  groundwater sources. A t  l e a s t  f i v e  such source areas were 
ident i f ied and  each could readily be d i f fe ren t ia ted  on the basis of the 
chemical composition ds can be seen below. 

Flow i s  regulated 

The Ogilvie system i n  contrast  i s '  
Ground- 

Groundwater contribution could best  be 

~ 

c1 S i  s04 Og i 1 v i  e PH Spec. Ca Mg Na 
Sampl i ng Cond. 
Stations mhos/cm mg/l mg/1 mg/ 1 mg/l mg/l mg/l 
(Figure 34) 

# 3  8.0 355 55 12 2.4 2.8 35 1 . 6  

#14 8.0 456 64 16 7.4 3.6 62 4 .5  

# 6  8.1 560 75 22 11.8 3.7 90 11.8 

#15 7.7 789 97 38 15.4 5.1 147 19.0 

11.0 350 150.0 #13 7.6 1800 152 85 124.0 

G .  Sediment Regimes 
No quant i ta t ive comparison o f  the sediment regime i n  the two r ive r s  

was possible because a continuous sediment record could only be obtained f o r  
the Ogilvie basin; a l so ,  Swift River runoff was one of the lowest in the 20 
years t ha t  the gauging program was in operation. 
moderated flow causeld by numerous lakes i t  i s  implied t h a t  scour and conse- 
quently sediment transport  i s  s ign i f icant ly  lower in the Swift than in the 
Ogilvie River. 

Because of. the somewhat 

In addition the more extensive vegetation cover and the 
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absence of permafrost contribute 
and increasing i n f i l t r a t i o n  r a t e s .  
storms transport  l e s s  sediment. 
quickly t o  atmospheric events and  overland flow is  favoured because o f  perma- 
f r o s t ,  sparse vegetation, l i t t l e  s o i l  cover, and steeper slopes. Based on 
daily sampling suspended sediment concentrations varied from l e s s  than 1 mg/l 
t o  277 mg/l over the 1978 spring and summer period. 

t o  the decreasing r a t e  of surface run-off 
As a r e s u l t  s p r i n g  snow melt and summer 

In contrast  the Ogilvie River responds very 

H .  Biology 
Generally, the Ogilvie River appears t o  be the r icher  of the two 

ecosystems w i t h  regard t o  ( 1 )  standing crops of microalgae, bacteria and 
benthic invertebrates, ( 2 )  microbial productivi t i e s  a n d  bacter ia l  glocose hetero- 
trophic a c t i v i t i e s  and (3 )  concentrations of organic and  inorganic elements 
and compounds of biological i n t e r e s t  (e.g. D O C ,  TIC, NO3, NH3, Cay SO4, Mg, 
Na and K ) .  
productive microbial ecosystem i n  the Ogilvie as compared t o  the Swift River. 

w 

The higher nutr ient  levels have resulted i n  an apparently more 

I .  Interactions Between Physico-Chemical Parameters and Micro- 
- biology_ 

Relationships between various physical and c,hemical parameters and 
planktonic and benthic microflora of b o t h  the Ogilvie and Swift Rivers appear 
t o  be the following: 

(1 )  The year-round microalgal standing crops and product ivi t ies  
observed i n  both ecosystems appear t o  be mainly regulated 
by available l i g h t  levels whereas bacterial  glucose hetero- 
trophic a c t i v i t i e s  cor re la te  best w i t h  dissolved organic 
carbon ( D O C ) .  That i s ,  the levels  of energy avai lable  t o  
biological systems ( l ight-algae,  organic matter ( D O C )  - 
heterotrophic bacter ia)  appear t o  great iy  regulate levels  of 
microbial standing crops and a c t i v i t i e s .  
A portion of t o t a l  inorganic carbon (TIC) which increases i n  
the waters of both r ivers  under ;ice cover d u r  ng winter is 
probably due t o  both-m-i~ob-ia-l-dnd-lma.c.~~o.r_ga-nis-m respirat ion.  
In a similar fashion, the decreased DO levels  which were 
observed in both r ivers  i n  winter a l s o  appear t o  be a t  l e a s t  
p a r t i a l l y  due t o  microbial respirat ion.  

( 2 )  

h e t P w o L 0 , p k t  

4 
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J .  Summary of Water - Quali ty  i n  the Swift and Ogilvie Rivers 

I Pl P ORTAN T OGILVIE RIVER SWIFT RIVER CAUSES 
DIFFERENCES 

Hydro1 ogi cal 
regime 

great  f luctuations 
i n  flow 

naturally Differences i n  water 
regulated retention caused by 
flow permafrost & vegeta- 

t i  on cover , presence 
of lakes 

Source of 
chemical 
variabi 1 i t y  

Major ion 
concen t r a  t i ons 

Sources of ionic 
contribution 

G,ro u ndwa t e r  
contribution 

Mi croal gal and 

seasonal == spa t ia l  

hard water, h i q h  - 
HC03, h i g h  Cay low 
S i  

point sources (Fe, 
so4 1 

n urne r ou s s ou r ce s 
dominant i n  winter 

higher standing 
bacterial  standing crops 
crops 

Bac t e r  i a 1 
heterotrophic 
a c t i v i t i e s  

higher heterotrophic 
ac t i  v i t i  es 

spa t i a l  > Differences i n  
seasonal groundwater contri  - 

bution i n  winter 

s o f t  water, Differences in bed- 
low Cay low rock geology 
Ng, h i g h  S i  

Non-point Presence o r  absence 
sources (Cay o f  zone o f  mineral- 
c03) izat ion causing acid 

drainage 

no evidence i n  Differences i n  
lower par t  of geol ogi cal s t ruc ture  
basin, mainly 
headwater spr i  ng,s 

lower standing Higher nutr ient  levels  
crops i n  the Ogilvie River 

1 oLIer hetero - 
trophic levels  in the 
a c t i v i t i e s  Ogilvie River 

Higher nutr ient  

IMPORTANT SIMI LARITI -- E!; 

Winter DO somewhat variable consistent Probably caused by 
depletions i ce  cover, microbial 

respi r a t i  on , ground- 
water contribution 
and lack of reaera- 
t i  on 
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K. Addition of Streambank Materials 

Assessment of streambank materials additions (which would tend t o  
be displaced i n t o  r ivers  d u r i n g  trenching and backfi l l ing a c t i v i t i e s )  upon 
microalgal and bacterial  a c t i v i t i e s  was done by experimentally adding stream- 
bank materials t o  Swift River water and noting the e f f e c t s  upon various 
microbial processes. Significant influences were noted when between 0.10 
and 10.0 grams of materials were added per l i t r e  of r i v e r  water. These 
materials tended t o  increase microbial product ivi t ies  and biological oxygen 
demand of the waters, as  can be noted i n  the tabulations below. 

Influences olf Three Swift River Streamside Soil Horizons on 
Biological Oxygen Demand of Swift and Ogilvie River Waters 

(Sampled 10 Flarch 1978) 

5,wift River Water Ogilvie River Water 

Days of Incubation a t  - + l ° C  
Sediment Addition 21 51 21 45 - 
None 0.4* 1 . 7  0.0 0.4 
0.01 g / 1  LFH** 0 .5  1.3 - - 
0.10 g/1 LFH 1 .7  9.3 0.0 0.8 

10.00 g / 1  LFH 10.5 10.8 9.6 10.4 
0.01 g/1 Ae*** 0.9 1.7 - 
0.10 g/1 Ae 1 . o  2.6 0.0 0.6 
1.00 g / 1  Ae 3.1 9.9 0.3 1.8 

T.00 g / 1  L F H  4.5 10 .3  1 . 2  4.4 

10.00 g/1 Ae 9.4 10.7 9.4 10.1 
0.01 g/1  Bm(t)**** 0.7 1 .1  

1.00 g /1  B m ( t )  1.4 5.9 
0.10 g /1  B m ( t )  0.7 1.4 

10.00 g/1 B m ( t )  5.5 10.4 

- - 
0.0 0 .6  
0 .3  1 . o  
1.9 6.4 

* a l l  values expressed as mg 02/1 *** leached mineral horizon 
** l e a f ,  ferment and humus horizon **** mi neral horizon 

3 Influence of Two Streamside Soil Horizons on Planktonic Algal (mg C / m  day) 
3 and Heterotrophic (mg C / m  /day) Productivit ies of Swift River 

Sediment Addition Algal Productivity Heterotrophic Productivity 

- 

(23 June 1978) (7  A u g u s t  1978) 
- 

None 1.4 3.0 
0.10 g / 1  Bm ( t ) *  3.3 8.1 
1.00 g /1  B m ( t )  1 .4  4.9 
10.00 g /1  B m ( t )  16.8 20.0 
1 .oo g /1  LFH** 6.1 2 7 . 7  

* mineral horizon ** l e a f ,  ferment and humus  horizon 
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Interpretation - of Results 

A.  

Severe dissolved oxygen depressions were found during the winter 
in bo th  study basins (Figures 36 and 37 ) .  
majority of s ta t ions  despite a great  variety of stream conditions, and  were 
most extensive ip 'late winter during maximum ice cover and  when s a l t  concen- 
t ra t ions  in water were the highest. 
Alaska findings published by Schallock and  Lotspeich (1974), which suggest 
t h a t  dissolved oxygen depletion i s  a widespread phenomenon in these northern 
areas.  

process, a n d  based on the present study i t  appears t h a t  ice  conditions a re  
n o t  the only cause of the depressions; other factors  such as groundwater 

Winter Depletion of Dissolved Oxygen 

The depressions occurred in the 

These findings a re  in agreement with 

A number of factors  appear t o  be responsible for  the depletion 

contribution, reaeration, and  respirat ion fn te rac t  and  a f f ec t  oxygen 
concentrations. Groundwater release which often produces s t re tches  of open 
water during the winter does n o t  necessarily produce higher dissolved oxygen 

' concentrations. 
Because of low oxygen values the biological system i s  under s t r e s s  

par t icular ly  during l a t e  winter; disturbance of the ecosystem a t  t h a t  time 
could reduce oxygen values even fur ther  and thus create  c r i t i c a l  conditions. 
I t  i s  evident therefore,  t h a t  timing of construction i s  c r i t i c a l .  

- '  

B.  
Groundwater sources can best be ident i f ied in l a t e  winter when 

the proportional contribution t o  the r iver  i s  greatest .  
ident i f ied by evidence of open water sections and  by analysis of chemical 
composition of the water. 
printing" technique riot only t o  d i f f e ren t i a t e  between groundwater sources b u t  
a l so  between groundwater and surface flow. The ident i f ica t ion  of the ground-  
water discharge areas a n d  the knowledge of t h e i r  proportional contribution 
t o  stream flow during the winter are  valuable i n  detai l ing route location 
for  the pipeline. 

The Use of Water Chemistry i n  Determining Groundwater Sources 

Sources can be 

The l a t t e r  method was used as  a sort of "finger- 



C .  -- The Use of Geological Structure  in Determining 
Groundwater Discharge and  Icings 

Geological s t ruc ture  in the Ogilvie River basin was found t o  
control groundwater flow. 
pa r t i a l ly  eroded an t i c l ina l  - syncline s t ruc tures ,  leaving a number of 
steeply dipping limestone beds exposed in the r iver  bed. 

a c t  as  aquifers and groundwater flow i s  forced along the s t ruc tura l  bedding 
plane and i s  eventually released in to  the r ive r  a t  those points where the 
s t ruc ture  crosses the r ive r .  Open water sections in the winter were found t o  
coincide with these groundwater re lease areas in  three out of four cases ,  and 
icings were found immediately below the open water sect ions.  
s ign i f icant ly  reduce the flow in the downstream direct ion and force the water 
t o  periodically overflow o r  t o  f ind i t s  way in to  new aquifers .  
scour during break-up i s  grea tes t  below such icings a n d  knowing t h e i r  location 
i s  important i n  rou te  location o f  t h e  pipeline.  

The r ive r  has cut  t h r o u g h  a s e r i e s  of folded and 

The limestone beds 

These icings 

Streambed 

D.  

Bedrock composition grea t ly  influences water qua l i ty .  
in bedrock geology were responsible fo r  a l t e r iug  water 'chemistry in several 
t r i bu ta r i e s  i n  the Swift and Ogilvie Rivers. 
Engineer Creek (a major Ogilvie River t r i bu ta ry )  fo r  example, was ident i f ied  
as a major source o f  s a l t  and metals. 
t a p  heavily mineralized groundwater aquifers  and cause tox ic i ty  problems. 
This formation a l so  produces localized acid drainage which in places was 
observed t o  have pH values of 2 .8 ,  despi te  the otherwise a lka l ine  conditions. 
I t  i s  t h o u g h t  t ha t  acid i s  produced t h r o u g h  oxydation of pyr i te  in the black 
shale  formation; in the process su l fu r i c  acid i s  produced which n o t  only 
increases metal so lub i l i t y  b u t  a l so  a c t s  as  an e f fec t ive  corrosive agent. 
This chemical reaction caused dis integrat ion of galvanized culver ts  within 
one year of i n s t a l l a t ion .  
s ignif icance fo r  pipeline location and construction. 

-- Bedrock Geology as Indicator of Toxicity and Corrosion 

Differences 

The black shale  formation in 

Excavation t h r o u g h  such areas could 

The knowledge of the existence of such areas i s  of 

M i c rob  i a 1 P ro  du c t i v i t i e s E .  - 
Numbers and product ivi t ies  of bo th  

and bacteria were maximal in l a t e  spring ( fo l  
planktonis and benthic algae 
owing i ce  break-up) t o  ear ly  



26. 

1 
1 
1 
I 
I 
1 
i 
a 
I 
I 
I 
D 
I 
I 
I 
1 

summer and minimal i n  winter i n  the Ogilvie and S w i f t  Rivers, w i t h  greater  
proportions of these microbial biomasses and a c t i v i t i e s  occurring i n  the 
stream bottom as compared t o  overlying water. 
productivit ies tended t o  be greater  than bacterial  product ivi t ies .  

I n  both r ivers  algal 

F .  Effects of the A d d i t i o n  of Streambank Materials 

Perturbation of Swif t  and Ogilvie River waters w i t h  streambank 
materials tended to  increase bacterial  a c t i v i t i e s  and productivit ies (by 
i ncrea s i ng d i ssol ved orya n i  c carbon (DOC ) concentrations ) w h i  1 s t decreasing 
a l g a l  a c t i v i t i e s  (by decreasing l i g h t  penetration i n t o  the water). An example 
of this was noted i n  the Ogilvie River on 23 June, 1978. Heavy r a i n f a l l  
n a t u r a l l y  perturbed t h i s  r iver  w i t h  non-fil terable residue (117 mg/l i t r e  r iver  
water) w i t h i n  2 days, which resulted i n  heavy turb id i ty  and l i t t l e  l i gh t  
penetration. 
numbers were h i g h .  However, bacterial  planktonic productivit ies and glucose 
heterotrophic a c t i v i t i e s  greatly increased (Table 8) probably due i n  p a r t  to  
increased DOC loadings. 
trophic bacteria must be taken i n t o  consideration when a p p r a i s i n g  the e f f ec t s  
of trenching and backfil l ing operations upon these trophic l eve l s .  

? 
Hence, photosynthesis was not detectable although phytoplankton 

Thus, the d i f fe ren t  responses of algae and hetero- 
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Table 1 WATER SURVEY OF CANADA GAUGING STATIONS CONSIDERED IN THE ANALYSIS 

- 
Record Drainage 

No. Name (Yrs.)  ( s q  . m i  . ) 
W.S.C. Length  Area 

A .  Yukon Ter r i to ry  

08AA001 
08AB001 
1 OMD002 
09AH003 
09AG001 
08AA003 
1 OMDOOl 
1 OABOOl 
1 OAD002 
08AA004 
1 OAB003 
09EA003 
09CA002 
1 OAAOOl 
09AA 00 7 
09AB008 
09EA004 
09FCOO1 
1 OPIA002 
1 OMAOOl 
09BC001 
09BC002 
09BC004 
09F BOO 1 
09FD001 
09BA001 
1 OFlBOOl 
1 OMB003 
09BB001 
09DC002 
09DD003 

Aishi hi k River near Whitehorse 
Alsek River above Bates River 
Babbage River below Cariboo Creek 
Big Creek near flouth 
Big Salmon River near Carmacks 
Dezadeash River a t  Haines Junction 
Firth River near Mouth 
Frances River near Watson Lake 
Hyland River a t  Mi. 67.4 Nahanni Rge. Rd. 
Kathleen R i v e r  near Haines Junction 
King Creek a t  Mi. 13  Nahanni Rge. Rd. 
Klondike River above Bonanza Creek 
Kluane River a t  Outlet o f  Kluane Lake 
Liard River a t  Upper Crossing 
Lubbock River near At l in  
M'Clintock River near Whitehorse 
North Klondike River near Mouth 
Old Crow River near the Mouth 
Ogilvie  River a t  Mile 123 Dempster Hwy. 
Peel River abpve Canyon Creek 
Pel ly  River a t  Pe l ly  Crossing 
Pel ly  River a t  Ross River 
Pel ly  River below Vangorda Creek 
Porcupine River below Bell River 
Porcupine River a t  Old Crow 
Ross River a l t  Ross River 
Snake River above Iron Creek 
Snake River near the Mouth 

S .  MacMillan .River a t  Mi. 249 Canol Rd. 
Stewart River a t  Playo 
Stewart River a t  the Mouth 

29 
3 
3 
4 

20 
25 
4 

16 
3 
6 

3 
1 2  
26 
19 
16 
22 

4 
3 
4 

13 
24 
20 
6 
4 

1 7  
16 
5 
2 
4 

29 
15 

1,660 
6,250 

588 
6 74 

2,610 
3,280 
2,240 
4,950 

21 1 
249 

5.3 

3,010 
1,910 

12,900 
684 
597 
423 

5,370 
2,090 

10,200 
18,900 

7,670 
8,490 

13,900 
20,900 

2,800 
1,070 
3,440 

385 
12,100 
19,700 
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‘ 1  
Table 1 
(Cont ‘ d )  

WATER SURVEY OF CANADA GAUGING STATIONS CONSIDERED I N  THE ANALYSIS 

Record Drainage 

NO. Name (Yrs . )  (sq.mi.) 
W.S.C. Length Area 

- 
09DD002 
09AA011 
09AC004 
09AC001 
0 9 ~ ~ 0 0 1  

09AF001 

1 OAA002 

09AAOO9 

09AAOl2 
39AH001 
09EB001 
09AB009 

09CD001 

09EB002 
0 9A B 00 1 

Stewar t  R i v e r  a t  Stewar t  Cross ing 
Tagish Creek near Carcross 
T a k h i n i  R i v e r  a t  O u t l e t  o f  Kusawa Lake 
Takh in i  R i v e r  near Whitehorse 
T e s l i n  R i v e r  near T e s l i n  

T e s l i n  R i v e r  near Whitehorse 

Tom Creek a t  M i .  21.7 Robt. Campbell Hwy. 

Watson R i v e r  near Carcross 

Wheaton R i v e r  near Carcross 
Yukon R i v e r  a t  Carmacks 
Yukon R i v e r  a t  Dawson 
Yukon R i v e r  above Frank Creek 
Yukon R i v e r  above White R i v e r  

Yukon R i v e r  a t  Stewar t  R i v e r  
Yukon R i v e r  a t  Whitehorse 

B. B r i t i s h  Columbia 

09AA006 

09AA014 
09AE004 
1 OADOOl 

09AA010 

09AA008 

08BB002 

0 9A E 00 3 

09AA013 

09AA015 

‘ A t 1  i n  R i v e r  near A t 1  i n  

F a n t a i l  R i v e r  a t  O u t l e t  o f  F a n t a i l  Lake 
Gladys R i v e r  a t  O u t l e t  o f  Gladys Lake 
Hyland R i v e r  near Lower Post 
Lindeman Creek near Bennet t  

P ine  Creek near A t l i n  

Sloko R i v e r  near A t l i n  

S w i f t  R i v e r  near S w i f t  R i v e r  

T u t s h i  R i v e r  a t  O u t l e t  o f  T u t s h i  Lake 

Wann R i v e r  near A t l i n  

14 
11 

21 
30 
31 

19 
4 

15 

18 

27 
31 

26 

20 
9 

35 

28 

’ 20 
17 
24 
22 

19 
18 

19 

19 

18 

13,500 
31 

1,570 
2,700 

11,700 

13,700 
168 

452 

337 

33,600 
106,000 

12,000 

58,400 

97,300 
7,500 

2,630 

289 
737 

3,650 
92 

269 
165 

1,280 

366 

104 



Table 2 

! 
29. 

- SMALL STREAM NETWORK - ALASKA HIGHWAY - 1978 

Q e r a t e d  - by Department of Indian and Northern Af fa i r s  

- 
Name Drainage Area Remarks 

(sq. m i . )  

Snag Creek a t  PIP 1208.0 

Dry Creek a t  MP 1184.0 

Sanpete Creek a t  MP 1178.4 

Long's Creek a t  MP 1156.0 

Burwash Creek a t  MP 1103.9 

Unnamed Creek a t  MP 1082.5 

S i l v e r  Creek a t  MP 1053.6 

Bear Creek ' a t  MP 1022.3 

Marshall Creek a t  MP 1005.6 

Mendenhall Creek a t  MP 968.0 

Stoney Creek a t  MP 956.0 

Deadmans Creek a t  MP 822.3 

Logjam Creek a t  MP 751.1 

Par t r idge  Creek a t  MP 736.4 

Spencer Creek a t  flP 695.3 

Big Creek a t  MP 674.0 

380 

52 

29 

44 

65 

3.4 

18.6 

30 

83 

293 

19 

84 

33 

24 

62 

405 

Water s tage  recorder ;  seasonal 
d a i l y  discharge 
Cres t - s tage ;  miscellaneous 
discharge measurements 

Water s tage  recorder ;  seasonal 
d a i l y  discharge 

Cres t - s tage ;  miscellaneous 
discharge measurements 

Water s t a g e  recorder ;  seasonal 
d a i l y  discharge 

Cres t - s tage ;  miscellaneous 
discharge measurements 

Water s t age  recorder ;  seasonal 
d a i l y  discharge 
Cres t - s tage ;  miscellaneous 
discharge measurements 
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SNAG CREEK 

- looking  downstream 
Sep t .  1978 

, 
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, . . ,  . . 

. . . ,  

m .  
U 

- ~ .  . , , . , 
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, . . .  

, ,  . I 

Sec t ion ing  i n  Feet - S e p t .  15/78 

B . M .  - 6"  s p i k e  i n  d / s  p i l e  under b r i d g e ,  r i g h t  bank - 100.00 '  l o c a l  datum. 

62. F i g u r e  9 
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BEAVER CREEK 

- looking downstream 
July 1978 

in Feet - Sept. 15/78 

B.M. - Topog. Survey o f  Canada No. 64519 located on the bridge - 2186.68' 6;S.C. 

63 - Figure 10 



I 
I 
I 

I 

I 
I 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

SAWPETE CREEK 

- looking downstream 
way 1978 

8.M. - Head o f  6" spike i n  base o f  12" poplar, 130' downstream o f  culvert, 
40' inshore o f  right bank - 328.08' local datum. 

64. Figure 1 1  
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LOBE'S CREEK 

- loaking dwns 
Yay 1978 

:. 
C' 

1 

P 

B.M. - 6" spike In spruce tree on rlaht bank approx. 150' tinct 
100.001' local datum. 



I 

I 
-1 

~ 

I 
I 
I 
:I 
I 
I 

L 

KQIDERN RIVER 

- looking downslmm I Hay 1978 

Sectioning i n  Feet - Sept. 14/78 

B.M. - Spike i n  p i l e  on l e f t  bank under bridge - 100.00’ local datum. 

66. Flare 13 - 
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- looking downstream 
July 1978 
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0 50 100 150 200 250 
Sectioning.in Feet - Sept. 14/78 

1 
I B.M. - G.S.C. 78Y559 - 100.00' local datum. 

1 67. Figure 14 
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DUKE R I V E R  

- looking upstream 
a t  Alaska Highway 
May 1977 

Sectioning i n  Feet - Sept.  14/78 
6 .M.  - G.S.C.  781556 - 100.00' local datum. 

68. Figure 15 
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HALFBREED CREEK 

- looking upstream 
July 1978 

HALFBREED CREEK 

- looking upstream 
July 1978 

.+ 4 - . * 2~ 

+ .- . . , . . . 

- ,~.. . - .. - , ~. . 
. .  

I '  
t i  

t i  

B.M. - Painted bolt on downstream end o f  culvert - 100.00' local datum 

69. Figure 16 



SILVER CREEK 

- looking upstream 
May 1977 

1. 4 
4 

B.M. - Head o f  7" spike i n  base o f  18" spruce, 20' downstream from gauge, 
60' inshore of r i g h t  bank - 100.OO1 local datum. 

70. Figure 17 
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CHRISTMAS CREEK 

- looking downstream 
from culvert 
June 1978 

-. . 

B.M. - Lag bolt w i t h  washer stamped W.S.C., i n  stump on right bank 230' 
upstream of culvert - 100.00' local datum. 

7 1 .  Figure 18 
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JARVIS R I V E R  

- looking upstream 
May 1977 

1 

B.M. - Iron p in  i n  downstream side o f  bridge (east)  - 100.00' local datum 

72. Figure 19 
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MARSMLL CREEK 

looklng upstream 
May 1978 

B . M .  - Head of 6" spike i n  10" spruce 460' upstream of culverts, 30' inshore 
f r o m  right bank - 328.08' local datum 

73. Figure 20 
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CRACKER CREEK 

- looking downstream 
May 1978 

Sectioning i n  Feet - May 16/78 

Section i s  500’ 
upstream o f  bridgc 

B.M. - Located on upstream l e f t  bank abutment o f  bridge, NE corner, approx. 
1 foot  above road leve l  - 100.00’ local  datum. 

74. Figure 21 
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Section i s  6.5' upstream o f  bridge. = 314 a 
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U Lef t  

Bank W.L. 313.3' ? 
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313 
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al 
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5 312 
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Sectioning i n  Feet - June 8/78 
10 

B.M. - Head o f  7" spike i n  base of 8" spruce, 630' upstream o f  bridge, 60' 
inshore from r i g h t  bank - 328.08' local datum. 

75. Figure 22 



- looking downstream 
from highway bridge 
Sept. 1978 
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Sectioning in Feet - Sept. 18/78 

B.M. - 7" spike in 1@" spruce, 5 '  upstream of gauge, 20 '  inshore of right 
bank - 1nO.00' local datum. 

76. Figure 23 



I 3  

I 

8 
1 

a 
i 

t 

t 
1 
1 
1 
1 
8 
a 
a 
1 

. .  

I . .  , , ,  

. . .  . 

. !  I . .  

. 
Sectioning i n  Feet - Sept. 18/78 

B.M. - G.S.C. 240-F - 100.00' local datum. 

77. Figure 24 
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LOGJAM CREEK 

- looking downstream 
past crest-stage 

June 1978 
gauge 

. .  . . . . ,  
. . . .  . . 

~~1 . . . . . , . 

B.M. - G.S.C. 251-F - 109.00' local datum. 

78. Figure 25 
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from .bridge 
Sept. 1978 

. .  

B.M. - G.S.C. 2 5 5 4  - 100.00' local datum. 
r . %  



SEAGULL CREEK 

- looking upstream 
from bridge 
Sept. 1978 

B.M. - G.S.C .  258-F, in top of concrete b a l l a s t  wal l  of southwest 
abutment - 100.00'  l o c a l  datum. 

80. Figure 27 
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1 
B.H. - Herd o f  6" spike in base o f  8" poplar, 10' inshore o f  left bank, 650' 

upstrcane o f  upstream end of  culverts - 328.08' local datun. 

Figure 28 



L I T T L E  RANCHERIA RIVER 
i I - looking downstream 

Sept. 1978 

. . .  . .  

Sectioning i n  Feet - Sept. 19/78 

B.M. - Painted corner on upstream side of l e f t  bank abutment - 100.00’ l o c a l  

82. Figure 29 
datum. 
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Nines Creek 

BED MATERIAL - MISCELLANEOUS LOCATIONS 
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nezadeash R i v e r  
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A i s h i h i k  R i v e r  

Takh in i  River 

BED MATERIAL - MISCELLANEOUS LOCATIONS 

84. F i g u r e  31 
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Figure 35 
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SEASONAL VAWOATIONS IN DISSOLVED OXYGEN IN THE 

SWIFT RIVER BASIN ,YUKON TERWiBOWV: 1977-1978. 
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Figure 36 
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