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WIi'dTER WATER QUALITY PROCESSES AND CONDITIONS 
I N  THE CIGILWIE AND SWIFT R I V E R  BASINS, YUKON TERRITORY 

I. PURPOSE AND SCOPE -- 
The p r e s e n t  r e p o r t  c o n t a i n s  t h e  r e s u l t s  o f  a one-year  water q u a l i t y  

s t u d y  o f  two Yukon watersheds and is p a r t  o f  t h e  env i ronmen ta l  impact  a n a l y s i s  

program f o r  t h e  Alcan p i p e l i n e ,  i n i t i a t e d  by t h e  Water Q u a l i t y  Branch o f  t h e  
F e d e r a l  Department  cif t h e  Environment.  

some 250 r i v e r s  i n  a n  area f o r  which very  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 .  Due t o  time r e s t r i c t i o n s  and economic c o n s t r a i n t s  a n  e x t e n s i v e  

s t u d y  o f  a l a r g e  nurnber o f  t h o s e  r i v e r s  was n o t  p o s s i b l e .  

was f e l t  t h a t  a n  i n t e n s i v e  s t u d y  o f  two b a s i n s  would be more b e n e f i c i a l  t h a n  

The p i p e l i n e  c o n s t r u c t i o n  w i l l  a f fec t  

I n  a d d i t i o n  i t  

a n  e x t e n s i v e  a s ses smen t  s i n c e  emphas is  cou ld  be p l a c e d  on t h e  i d e n t i f i c a t i o n  

and unde r s t and ing  o f  p r o c e s s e s  r a t h e r  t h a n  on a t t e m p t i n g  t h e  i m p o s s i b l e  t a s k  

o f  e s t a b l i s h i n g  baseline water q u a l i t y  i n f o r m a t i o n .  

I n  a r ev iew p a p e r  ( S c h r e i e r  1977) it was p o i n t e d  o u t  t h a t  t h e  p i p e l i n e  
c o n s t r u c t i o n ' i s  most l i k e l y  t o  affect  water q u a l i t y  c o n d i t i o n s  i n  t h r e e  ways: 

1. Sed imen ta t ion  w i l l  be i n c r e a s e d  d u r i n g  t h e  c o n s t r u c t i o n  o f  t h e  

r i v e r  c r o s s i n g s ;  

2. Grounclwater and  s u r f a c e  f l o w  w i l l  be a l te red  a s  a r e s u l t  o f  t r e n c h i n g ;  

3.  Water w i l l  be con tamina ted  by s p i l l a g e  o f  o i l  and sewage a t  main- 
t e n a n c e  camps. 

The t h i r d  effect  can  be moni tored  and c o n t r o l l e d  d u r i n g  t h e  c o n s t r u c t i o n  phase  
b u t  more i n f o r m a t i o n  was needed t o  unde r s t and  t h e  first two problems so  a s  t o  
more a c c u r a t e l y  p r e d i c t  t h e i r  effects  on water q u a l i t y  and b i o l o g i c a l  a c t i v i t i e s .  

The p r e s e n t  p r o j e c t  was t h u s  i n i t i a t e d  hav ing  as  i ts  aims t h e  f o l l o w i n g  t o p i c s :  

1. To s t u d y  t h e  water q u a l i t y  c o n d i t i o n s  th rough  t h e  w i n t e r  t o  d e t e r m i n e  

v a r i a b i l i t i e s  and t r e n d s  o f  chemical p a r a m e t e r s ;  

To i d e n t i f y  p r o c e s s e s  w h i c h  i n f l u e n c e  and c o n t r o l  water q u a l i t y  

c o n d i t i o n s  i n  these n o r t h e r n  envi ronments ;  

2. 
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3 .  To re la te  water q u a l i t y  t o  t h e  f low regime and geology so a s  t o  g a i n  

a bet ter  unde r s t and ing  o f  t h e  ro l e  and i n f l u e n c e  o f  groundwater ;  

To determine n a t u r a l  sed iment  c o n d i t i o n s  and v a r i a b i l i t y ;  4 .  

5 .  To p r o v i d e  a water q u a l i t y  data base f o r  expe r imen t s  i n  which 

b i o l o g i c a l  p r o d u c t i v i t y  a t  t h e  lower  end o f  t h e  a q u a t i c  food  c h a i n  

i s  measured;  

To develop  and modify a n a l y t i c a l  methods t o  o b t a i n  re l iab le  r e s u l t s  

under  tihe ex t reme w i n t e r  c o n d i t i o n s  e x p e r i e n c e d  a l o n g  t h e  Alcan 
6. 

p i p e l i n e  r o u t e .  

GENERAL DESCRIPTION OF THE TWO SELECTED DRAINAGE BASINS 

A. Reasons f o r  I s m ?  o f  Watersheds  

The f o l l o w i n g  c r i t e r i a  were e s s e n t i a l  i n  t h e  s e l e c t i o n  o f  t h e  two d r a i n a g e  
b a s i n s  t o  be  i n v e s t i g a t e d :  

1. 

2. 

Both r i v e r s  had t o  be affected by t h e  Alcan  p i p e l i n e  c o n s t r u c t i o n ;  

Both r i v e r s  had t o  be b i o l o g i c a l l y  p r o d u c t i v e  e s p e c i a l l y  i n  terms 
o f  f i s h  p r o d u c t i o n ;  

L a t e r a l  ground access was e s s e n t i a l  i n  o r d e r  t o  conduct  a s p a t i a l  

a n a l y s i s  under  w i n t e r  c o n d i t i o n s ;  

A h y d r o l o g i c a l  gauging r e c o r d  was needed f o r  bo th  streams. 

3. 

4 .  

The S w i f t  R i v e r  b a s i n  was chosen  because  it f u l f i l l e d  a l l  t h e  above 
r e q u i r e m e n t s  and was though t  t o  be r e p r e s e n t a t i v e  of  c o n d i t i o n s  found i n  t h e  

s o u t h e a s t e r n  p a r t  o f  t h e  Yukon T e r r i t o r y .  
because  i t  r e p r e s e n t s  a somewhat extreme case o f  a b a s i n  i n  a p e r m a f r o s t  en- 

v i ronment  where t h e  groundwater  reg ime is  c o n s i d e r e d  more i m p o r t a n t  due t o  

i ts d i f f e r e n c e  i n  d r a i n a g e  b a s i n  geology;  and its s e l e c t i o n  was t h o u g h t  t o  

be a p p r o p r i a t e  as t h e  p o t e n t i a l  s i t e  f o r  t h e  proposed  n o r t h e r n  e x t e n s i o n  t o  

t h e  Alcan  p i p e l i n e .  

The O g i l v i e  R i v e r  b a s i n  was chosen  
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I n t e r p o l a t i o n  Prom one r i v e r  b a s i n  t o  t h e  n e x t  is a lways  d i f f i c u l t  and  

i n  many ways q u e s t i o n a b l e ,  b u t  i t  was f e l t  t h a t  because  o f  t h e  c o n t r a s t i n g  
h y d r o l o g i c ,  g e o l o g i c  and  climatic c o n d i t i o n s  between t h e  two b a s i n s  a 
l e g i t i m a t e  d a t a  base would he p r o v i d e d  from w h i c h  g e n e r a l  p r o c e s s  i n f o r m a t i o n  

c o u l d  be  produced. 

8. G e n e r a l  D e s c r i p t i o n  o f  S w i f t  and  O q i l v i e  Watersheds  

T h e  S w i f t  R i v e r  i s  l o c a t e d  i n  t h e  s o u t h e a s t e r n  p a r t  o f  t h e  Yukon T e r r i t o r y  

w h i l e  t h e  O g i l v i e  R i v e r  is  p a r t  o f  t h e  P e e l - d r a i n a g e  system i n  t h e  n o r t h - c e n t r a l  
Yukon. The g e n e r a l  l o c a t i o n  o f  t h e  s t u d y  area i s  p rov ided  i n  F i g u r e  1. 

l i t t l e  base i n f o r m a t i o n  is  a v a i l a b l e  f o r  t h e  O g i l v i e  R ive r .  

scale t o p o g r a p h i c  map i s  t h e  o n l y  da ta  s o u r c e  and no basic g e o l o g i c a l  s u r v e y  

h a s  yet  been conducted  i n  t h e  s t u d y  area. To have  a be t te r  overv iew an  uncon- 

t r o l l e d  photo  mosaic was produced f rom c o n v e n t i o n a l  a e r i a l  pho tographs ,  a copy 

o f  which is  i n c l u d e d  i n  Appendix 1. The Dempster Highway p a r a l l e l s  t h e  r i v e r  

f o r  70 km and  t h i s  road s e r v e d  a s  a n  access t o  t h e  area i n  t h e  s p r i n g ,  summer 
and f a l l .  
summer o f  1974. 

Very 
A basic 1:250,000 

A watEr s u r v e y  gauging  s t a t i o n  h a s  been o p e r a t i n g  t h e r e  s i n c e  t h e  

More i n f o r m a t i o n  was a v a i l a b l e  f o r  t h e  S w i f t  R i v e r  area l o c a t e d  between 

Basic g e o l o g i c a l  s u r v e y s  T e s l i n  Lake and R a n c h e r i a  a l o n g  t h e  Alaska Highway. 
( G a b r i e l s e  1969) and s u r f i c i a l  g e o l o g i c a l  maps (Hlas sen  1978) have heen pro-  

duced f o r  t h e  area and  a 22-year h y d r o l o g i c  gaug ing  program h a s  been conduc ted  

by Water Survey  o f  Canada. The wa te r shed  i s  l o c a t e d  i n  t h e  Cassiar Mounta ins  

and c o v e r s  p a r t  o f  n o r t h e r n  B r i t i s h  Columbia and  p a r t  of t h e  Yukon T e r r i t o r y .  
A t  t h e  time t h i s  s t u d y  was i n i t i a t e d  there was no a d e q u a t e  s i n g l e  su rvey  a i r  
pho to  cove rage  a v a i l a b l e  and as  a r e s u l t  o n l y  a p a r t i a l  mosa ic  c o u l d  be pro-  

duced f o r  t h e  s t u d y  area (see Appendix 1). 

A g e n e r a l  c l e s c r i p t i o n  and  comparison o f  env i ronmen ta l  c o n d i t i o n s  o f  t h e  

two b a s i n s  are g i v e n  i n  Table 1. 

is under  t h e  i n f l u e n c e  of a much more s e v e r e  p o l a r  climate t h a n  t h e  S w i f t  

I t  shou ld  be n o t e d  t h a t  t h e  O g i l v i e  R i v e r  

R ive r .  

s ize  and  d i s t r i b u t i o n  of t rees  and t h e  p r e s e n c e  o f  p e r m a f r o s t  i n  August a t  
20-30 cm from t h e  s u r f a c e .  

T h i s  is  n o t  o n l y  e v i d e n t  from climatic r e c o r d s ,  b u t  a l s o  from t h e  
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F i g u r e  1. Location of study areas. 
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Table  1: Comparison o f  c o n d i t i o n s  between t h e  S w i f t  and O g i l v i e  Watersheds 

G e o l o g i c a l  Pa rame te r s :  

bedrock geology 
dominant bedrock t y p e  
geomorphologica l  s e t t i n g  

dominant sur f ic ia l  material  
ev idence  o f  g l a c i a l  h i s t o r y  
c h a n n e l  geology 

S o i l s :  

dominant t y p e  
J 

Vege ta t ion :  

dominant ground cove r  

dominant t ree  cove r  

approximate  t ree  c o v e r  

PARAMETERS S CONDITIONS 

Loca t ion :  

c o o r d i n a t e s  
geograph ic  l o c a t i o n  

Hydroloqic  Pa rame te r s :  
s ize  of  watershed 

maximum re l ie f  
d i s c h a r g e  r e c o r d  
maximum d i s c h a r g e  
minimum d i s c h a r g e  

Water Supply: 

s o u r c e  

-- 

-Climatic c o n d i t i o n s :  
t e m u e r a t u r e s  (max-min) 

c o n t r o l  

SWIFT R I V E R  

130' 45 I -132O W / 59'45 -60' 15 I 

S o u t h e a s t e r n  Yukon T e r r i t o r y  

2 
T e s l i n  Lake) 

3870 km ( t o  mouth a t  

1410 m 
22 years 
15200 cfs (6.11.64) 
205 cfs (3.26.69) 

s p r i n g s  i n  headwaters  CY 

series o f  mountain lakes 
run-of f  i 

i g n e o u s  and metamorphic r o c k s  
g r a n o d i o r i t e  
wel l - rounded mountainous 

t e r r a i n  
till, a l l u v i u m ,  p e a t  
dominant 
g r a v e l  bed 

r e g o s o l ,  b r u n i s o l s ,  g l e y s o l s  
and o r g a n i c  

,sphagnum moss,  l a b r a d o r  tea 

w h i t e  and b l ack  s p r u c e  8 

6C% 
l odgepo le  p i n e  

-42OC t o  + 3 Z o C  

approx.  time o f  f r eeze -up  mid t o  end of  October  
beginning  of  May 

O G I L V I E  R I V E R  

L37°301-1380301W/650 -65' 45'N 
J o r t h c e n t r a l  Yukon T e r r i t o r y  

7220 krn' ( t o  B l a c k s t o n e  

L190 m 
t years 
!3400 cfs (5.31.75) 
' 0  cfs (2.12.75) 

c o n f l u e n c e )  

s p r i n g s  a l l  a l o n g  d r a i n a g e  
c h a n n e l  and run-of f  

Li t t le  water r e t e n t i o n  
because  of s p a r s e  vege ta -  
t i o n  cover ,  absence  o f  
s u b s t a n t i a l  s o i l s  8 
p r e s e n c e  o f  p e r m a f r o s t ,  
b u t  s i g n i f i c a n t  ground- 
water s t o r a g e  

sed imentary  r o c k s  
l i m e s t o n e  
s t r u c t u r a l l y  c o n t r o l l e d  

mounta inous  t e r r a i n  
zo l luv ium,  a l l u v i u m ,  p e a t  
uery l i t t l e  
g r a v e l  and bedrock channe l  

r e g o s o l s ,  c r y o s o l s ,  
r e n z i n a s  and o r g a n i c  

l i c h e n s  8 sphagnum moss, 

s t u n t e d  b l ack  s p r u c e  i n  

2% 

t u n d r a  

p r o t e c t e d  areas 

-47'6 t o  +3loC 
290 t o  350 mm 

ear ly October  
l a t e  May 
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111. METHODS A N D  TECHNIQUES - USED 

A. Samplinq Program 

I n  o r d e r  t o  e s t a b l i s h  s e a s o n a l  and s p a t i a l  t r e n d s  i t  was n e c e s s a r y  t o  

se t  up a number (if s t a t i o n s  i n  e a c h  b a s i n  and t o  sample each  a t  d i f f e r e n t  

times th roughou t  t h e  year. 

1) The USE! o f  p a s t  f low r e c o r d s  t o  de t e rmine  t h e  f r equency  and time 
o f  sampl inq  

I t  was thought,  n e c e s s a r y  t o  sample t h e  water i n  each watershed d u r i n g  

t h e  ma jo r  h y d r o l o g i c a l  p e r i o d s  such  as: p r i o r  t o  f r eeze -up ,  mid-winter  l o w  

f l o w ,  end-winter  p r i o r  t o  break-up, a t  o r  a f t e r  ice  break-up, d u r i n g  h i g h  

f l o w  c o n d i t i o n s ,  and mid-summer run-of f .  The p a s t  hydrographs  were c o n s u l t e d  

f o r  each  bas in .  For t h e  S w i f t  R i v e r  t h e  mean d a i l y  run-off  r e c o r d  f o r  t h e  

past 22 years wa~3 used for t h e  p r e d i c t i o n  o f  t h e  sampl ing  time (see F i g u r e  2). 

The same t y p e  o f  pre ld i c t ion  was c o n s i d e r a b l y  more d i f f i c u l t  f o r  t h e  O g i l v i e  

R i v e r  f o r  w h i c h  on ly  a 3% year gauging  record e x i s t s  and which h a s  a f l o w  

r e c o r d  showing enormous year t o  year f l u c t u a t i o n s  ( F i g u r e  3 ) .  

F o r  l o g i s t i c a l  and  economic r e a s o n s  i t  was necessa ry  t o  a r r a n g e  each 

f i e l d  t r i p  i n  such  a way t h a t  bo th  b a s i n s  were sampled w i t h i n  a two-week 

pe r iod .  The exac:t sampl ing  dates are  p rov ided  i n  Table 2 below. 

T a b l e  2: List o f  Sampling Dates 

O g i l v i e  R i v e r  

October  4-6, 1977 

December 18-19, 1977 
March 27 - 30, 1978 

May 22 -. 25, 1978 

J u n e  26 - 29, 1978  

August 1. - 3 ,  1978 

S w i f t  R i v e r  

October  7 - 10, 1977 

December 11 - 16, 1977 
March 22 - 25, 1978 

May 16 - 21, 1978  
June  19 - 24, 1978 

August 4 - 7,  1978 
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Variability in Mean Daily Discharge - SWIFT RIVER 1956 -1977 - 

J J A S 0 N D J F M A M 

Time 

F i g u r e  2. 

An i n d i c a t i o n  of how well t h e  a c t u a l  sampl ing  p e r i o d s  c o i n c i d e d  w i t h  
t h e  p r e d i c t e d  major  h y d r o l o g i c a l  e v e n t s  d u r i n g  t h e  1977-78 seas.on can  be s e e n  
from F i g u r e s  4 and 5 ( p l e a s e  n o t e  t h a t  t h e  1978  d i s c h a r g e  r e c o r d  i s  p r e l i m i n a r y  
and s u b j e c t  t o  s .1 ight  m o d i f i c a t i o n s  by Water Survey  o f  Canada).  

The re  is a good c o r r e l a t i o n  between sampl ing  time and major  h y d r o l o g i c a l  
e v e n t s  i n  t h e  0g: i lv ie  R ive r .  The same is t h e  case f o r  t h e  S w i f t  R i v e r  w i t h  

t h e  e x c e p t i o n  o f  t h e  h i g h  peak f l o w  which was missed  by a b o u t  t e n  days.  
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Mean Daily Discharge - Ogillvie River 
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F i g u r e  4 .  Sampling p e r i o d s  and  c o r r e s p o n d i n g  h y d r o l o g i c a l  e v e n t s ,  
S w i f t  River. 
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l J g i l v i e  R ive r .  
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2 )  The use o f  q e o l o g i c a l  and h y d r o l o q i c a l  i n f o r m a t i o n  i n  t h e  s e l e c t i o n  
o f  s a r r g n q  s t a t i o n s  - 

A number af c o n s i d e r a t i o n s  were i n s t r u m e n t a l  i n  t h e  s e l e c t i o n  o f  sampl ing  

s t a t i o n s .  

sampl ing  had t o  be performed a t  v e r y  c o l d  t e m p e r a t u r e s  and ,  w i t h  no b o a t  
a v a i l a b l e ,  r i v e r  c r o s s i n g  i n  t h e  lower  p a r t s  o f  t h e  wa te r sheds  was imposs ib l e .  

G e o l o g i c a l  maps were c o n s u l t e d  f o r  t h e  S w i f t  R i v e r  so as t o  de t e rmine  what 

t y p e  o f  bedrock and s u r f i c i a l  d e p o s i t  i s  d r a i n e d  by each  t r i b u t a r y .  

water q u a l i t y  sampl ing  p r o c e d u r e s  were a l s o  emphasized,  such  as s e l e c t i n g  
s t a t i o n s  above major  t r i b u t a r i e s  and s u f f i c i e n t l y  downstream o f  major  con- 

f l u e n c e s  t o  a l l o w  f o r  a p rope r  mixing. 

Access t o  each sampl ing  s t a t i o n  had t o  be r e l a t i v e l y  easy as w i n t e r  

T r a d i t i o n a l  

The l o c a t i o n  o f  a l l  sampl ing  s t a t i o n s  i n  each wa te r shed  i s  p r e s e n t e d  i n  

F i g u r e s  6 and  7 and a d e s c r i p t i o n  o f  t h e  s t a t i o n  i s  p rov ided  i n  Appendix 2. 

E. Samplinq Techn iques  

1) Samplinq t h r o u q h  ice 

Access t o  t h e  S w i f t  R i v e r  b a s i n  d u r i n g  t h e  w i n t e r  was accompl ished  by 

t r u c k  and by f o o t .  
by h e l i c o p t e r  s i n c e  t h e  Dempster Highway was n o t  open t o  t r a f f i c  d u r i n g  t h e  

w i n t e r  months. 

The December and March sampl ing  i n  t h e  O g i l v i e  took  p l a c e  

A t h i c k  ice c o v e r  e x i s t e d  i n  most s e c t i o n s  o f  t h e  r i v e r s  bo th  i n  December 
and i n  March. T h i s  n e c e s s i t a t e d  t h e  m o d i f i c a t i o n  of  c o n v e n t i o n a l  sampl ing  

t echn iques .  
ice w i t h  a n  ice ch ise l  ( P l a t e  1). 
O g i l v i e  b u t  was e l i m i n a t e d  from f u r t h e r  use because  of  i ts  b u l k i n e s s .  
ice  was removed so t h a t  t h e  water c o u l d  freely f l o w  from t h e  hole .  
p l a s t i c  hand pump was t h e n  used t o  f i l l  t h e  sample b o t t l e s  ( P l a t e  2).  

sample b o t t l e s  ( g l a s s  was used f o r  phosphorus  samples  and t e f l o n  f o r  phenol  

samples)  had t o  be c o l l e c t e d  by hand so  as t o  a v o i d  p o s s i b l e  con tamina t ion  

th rough  c o n t a c t  idi t t i  p l a s t i c  material. 

A h o l e  o f  approx ima te ly  70 cm c r o s s  s e c t i o n  was c u t  t h rough  t h e  

A power d r i l l  was used  i n  December i n  t h e  

The  
A small 

Two 
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SWIFT RIVER DRAINAGE BASIN, YUKON TERRITORY 

e 1-17 WATER QUALITY SAMPLING STATIONS 

SCALE 

I W 
20 30 40 Km + '0 - - : I 

0 

F i g u r e  6. D i s t r i b u t i o n  o f  sampl ing  s t a t i o n s ,  S w i f t  R i v e r  

I 
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OGlLVlE RIVER DRAINAGE BASIN , YUKON TERRITORY - 

SCALE 
0 10 2.0 3.0 40 Km 

F i g u r e  7. D i s t r i b u t i o n  o f  sampl ing  s t a t i o n s ,  O g i l v i e  R i v e r  
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Plate 1. Preparation of sanpling hole with ice chisel 
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made between s i m p l i c i t y  and accuracy .  

t h e  examina t ion  cif t r e n d s ,  a l e v e l  of  accu racy  of  +, 1 ppm was though t  t o  be 

For t h e  p r e s e n t  s t u d y  which  emphasized 

adequa te .  

a s p e c i f i c  method f o r  n o r t h e r n  o p e r a t i o n s .  
o u r  o b s e r v a t i o n s  a n a l y s e s  were per formed a t  l eas t  i n  d u p l i c a t e  a t  a l l  s t a t i o n s  

a t  a l l  times. 

For  a d e t a i l e d  DO s t u d y  however it might  be n e c e s s a r y  t o  d e s i g n  

To i n c r e a s e  t h e  r e l i a b i l i t y  o f  

C. Choice  o f k t e r  Q u a l i t y  P a r a m e t e r s  

T h i r t y - t h r e e  w q t e r  q u a l i t y  p a r a m e t e r s  were chosen f o r  t h i s  p r o j e c t .  

Some o f  these,  such  a s  d i s s o l v e d  oxygen,  phosphorus ,  t o t a l  n i t r o g e n ,  ammonium- 

n i t r o g e n ,  t o t a l  o r g a n i c  and t o t a l  i n o r g a n i c  c a r b o n ,  were t h o u g h t  t o  be  i n d i c a -  

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

s p e c i f i c  conduc tance ,  h a r d n e s s ,  Ca, Mg, K ,  Na, S i ,  SO4, C1, HC03 were used  a s  
i n d i c a t o r s  f o r  g e o l o g i c a l  c o n d i t i o n s .  R e s i d u a l s  were measured t o  de t e rmine  

sed iment  c o n t r i b u t i o n s ,  and metals such  a s  P b ,  Mn, Co, N i ,  Zn, Se, A s  and Cu 

were a n a l y s e d  as  i n d i c a t o r s  o f  p o t e n t i a l  t o x i c i t y  and metal s o u r c e s  i n  t h e  area. 
I r o n ,  SO4, and pt-l were though t  t o  be p a r t i a l l y  i n d i c a t i v e  o f  a c i d  water pro- 

d u c t i o n  from o x i d a t i o n  o f  p y r i t e .  A list o f  t h e  water q u a l i t y  p a r a m e t e r s  i s  

O t h e r s  such  a s  

p rov ided  i n  T a b k  3 below. 

T a b l e  3. List o f  Water Q u a l i t y  Parameters used  i n  S tudy  

~ 

i'ARAMETERS 

PH 
s p e c i f i c  conductance  
t u r b i d i t y  
c o l o r  
t o t a l  i n o r g a n i c  ca rbon  
t o t a l  o r g a n i c  carbon 
r e s i d u e  n o n - f i l t e r a b l e  
r e s i d u e  f i l t e r a b l e  
r e s i d u e  n o n - f i l t e r a b l e ,  f i x e d  
r e s i d u e  f i l t e r a b l e  , f i x e d  
ammonia n i t rc igen  
t o t a l  d i s s o l v e d  n i t r o g e n  
d i s s o l v e d  NO,+NO 
p he  no 1 i c mat 6r i a 
t o t a l  phosphcirus 
t o t a l  a l k a l i n i t y  as  CaC03 

? 

UNITS PARAMETER S 

t o t a l  h a r d n e s s  as CaCO3 
d i s s o l v e d  Ca 
d i s s o l v e d  Mg 
Na 
K 
Mn 
c u  
Zn 
A s  
Pb 
Fe 
c1 
F 
S i  
so4 
B i c a r b o n a t e  + DO 

UNITS 

* Co, N i ,  Se were ana lyzed  on selected samples  i n  t h e  O g i l v i e  R ive r .  
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The d i s s o l v e d  oxygen ana -yses  were accompl is , . ed  i n  s i t u  b u t  a l l  o t h e r  

water q u a l i t y  p a r a m e t e r s  were de te rmined  i n  t h e  water q u a l i t y  branch l a b o r a -  

t o r y ,  o f  t h e  I n l a n d  Water D i r e c t o r a t e ,  Environment Canada, Nor th  Vancouver. 

S t a n d a r d  a n a l y t i c a l  p r o c e d u r e s  were used t o  d e t e r m i n e  a l l  p a r a m e t e r s  ment ioned  
above. 

t h e  sample and w i l l  be referred t o  i n  d i f f e r e n t  s e c t i o n s  o f  t h e  r e p o r t .  

T h e  ac:curacy o f  each method is  dependent  on c o n c e n t r a t i o n  l e v e l s  o f  

I V  . RESULTS [IF WATER QUALITY INVESTIGATIONS 

A. Ice C o n d i t i o n s  d u r i n q  1977-78 Winter  Season  

1) Obst i rva t ions  and  d i s c u s s i o n  -- 
Great v a r i a t i o n s  i n  ice c o n d i t i o n s  were founL t o  e x i s  i n  bot . .  i e  

S w i f t  and t h e  Ogj - lv ie  R i v e r s .  

from -25'C t o  -50% i n  December, open water s e c t i o n s  were found i n  bo th  
r i v e r s .  I n  the case o f  t h e  S w i f t  R i v e r  o n l y  one small s e c t i o n  j u s t  below 

t h e  S w i f t  R i v e r  camp was open i n  December. An accelerated stream f low a t  
t h a t  r i v e r  s e c t i o n  and  p o s s i b l e  i n f l u e n c e s  r e s u l t i n g  from camp d i s c h a r g e s  

c o u l d  be r e s p o n s i b l e  f o r  keeping  t h a t  s e c t i o n  o f  t h e  stream open. 

D e s p i t e  c o n s i s t e n t l y  c o l d  t e m p e r a t u r e s  r a n g i n g  

I n  t h e  O g i l v i e  system a t  l ea s t  f i v e  s e c t i o n s  o f  open water were found 
bo th  i n  December and i n  March. 

p r i m a r i l y  r e s p o n s i b l e  f o r  t h e  d i f f e r e n t  groundwater  d i s c h a r g e s ,  which c a u s e  
permanent ly  open water s e c t i o n s  th roughou t  t h e  win te r .  

a s e c t i o n  is  p r o v i d e d  i n  P l a t e  4 and a d e t a i l e d  d i s c u s s i o n  o f  t h e  groundwater  

sys tem is  g i v e n  i n  S e c t i o n  D. 

I n  these cases t h e  g e o l o g i c a l  s t r u c t u r e  is  

An example o f  such  
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overflow is a twn  i n  Plate 11. 
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P W e  12. Water f l o w  under pressure from ice layer 
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P h t e  13. M- fran sulphur in 
Engineer Creek 
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8. S e a s o n a l  T rends  i n  Water Q u a l i t y  

S c h a l l o c k  and L o t s p e i c h  (19741,  Chi  ders e t  a1 (19751,  L o t s p e i c h  e t  a1  

(1976) a l l  no ted  t h a t  d i f f e r e n c e s  i n  groundwater  c o n t r i b u t i o n  and t h e  bui ld-up 

of  ice c o v e r  resu l t  i n  a profound change i n  water q u a l i t y .  To demons t r a t e  
t h i s  a number of  p a r a m e t e r s  were examined o v e r  t h e  one-year s t u d y  p e r i o d  and 
some o f  t h e  more i m p o r t a n t  o b s e r v a t i o n s  are p r e s e n t e d  below. 

S e a s o n a l  t r e n d s  i n  d i s s o l v e d  oxyqen c o n c e n t r a t i o n s  

S c h a l l o c k  e t  a1 (1970), S c h a l l o c k  and L o t s p e i c h  (1974) and L o t s p e i c h  

e t  a1 (1976)  obse rved  a d e p l e t i o n  i n  d i s s o l v e d  oxygen o v e r  t h e  w i n t e r  i n  a 
number o f  Alaskan streams. To see whether  t h i s  was a widespread  phenomenon 

d i s s o l v e d  oxygen v a l u e s  were examined i n  both  watersheds. 

o n l y  t h o s e  s t a t i o n s  w i t h  a comple te  sampl ing  r e c o r d  were used.  
v a r i a t i o n s  i n  d i s s o l v e d  oxygen were p l o t t e d  i n  F i g u r e s  8 and 9 showing a d i s t i n c t  

t r e n d  i n  bo th  cases. 

I n  bo th  cases 
T h e  s e a s o n a l  

A p r o g r e s s i v e  DO-depletion was found as  t h e  w i n t e r  advanced.  Upon ice  
break-up a quick  r e c o v e r y  took  p l a c e ,  which was t h e n  fo l lowed  by a much smaller 

d e p r e s s i o n  du r ing  t h e  early summer. I t  is p o s s i b l e  t h a t  t h e  b i o l o g i c a l  

demand on oxygen d u r i n g  t h e  l a t t e r  p e r i o d  i s  p a r t i a l l y  r e s p o n s i b l e  f o r  t h i s  

secondary  DO-decrease. 
b u t  from t h e  p r e s e n t  s t u d y  it is  n o t  p o s s i b l e  t o  de t e rmine  t h e  e x a c t  c a u s e s  

o f  t h e  decrease. 
t o  t h e  decrease, p a r t i c u l a r l y  s i n c e  low v a l u e s  were o b t a i n e d  i n  a g r e a t  

v a r i e t y  o f  s i t e  and f l o w  c o n d i t i o n s .  

Winter  c o n d i t i o n s  i n  g e n e r a l  seem t o  r educe  DO l e v e l s ,  

I t  i s  f e l t  t h a t  a l a r g e  number o f  f a c t o r s  p robab ly  c o n t r i b u t e  

S u b s t a n t i a l  s p a t i a l  v a r i a t i o n s  i n  d i s s o l v e d  oxygen were found i n  b o t h  

watersheds .  

t h e  w i n t e r  and might  i n  p a r t  be caused  by d i f f e r e n c e s  i n  ice  cover .  
t h e  v a r i a t i o n s  arid s e a s o n a l  t r e n d s  were found t o  be similar i n  both  watersheds 

The v a r i a t i o n  was n o t e d  t o  be h i g h e s t  d u r i n g  t h e  l a t e  p a r t  o f  
Both 

d e s p i t e  d ras t ic  d i f f e r e n c e s  i n  climatic, h y d r o l o g i c  and g e o l o g i c  c o n d i t i o n s .  
A p a r t i a l  e x p l a n a t i o n  f o r  t h e  s p a t i a l  v a r i a b i l i t y  i n  d i s s o l v e d  oxygen can  be  

deduced from F ig i i r e  10, i n  which t h e  v a l u e s  o f  t h r e e  S w i f t  R i v e r  s t a t i o n s  
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SEASONAL VARIATIONS IN DISSQLVED OXYGEN IN THE 

SWIFT RIVER BASIN ,YUKON TERRITORY: 1977-1978. 
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F i g u r e  8. S e a s o n a l  trends i n  d i s s o l v e d  oxygen i n  t h e  S w i f t  
R i v e r  b a s i n  
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SEASONAL VARIATIONS IN DISSOLVED OXYGEN IN THE 

OGILVIIE RIVER BASIN, YUKON TERRITORY : 1977- 1978. 
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F i g u r e  9. S e a s o n a l  t r e n d s  i n  d i s s o l v e d  oxygen i n  t h e  
O g i l v i e  River b a s i n  
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are compared. 

between open water and  unde r - i ce  c o n d i t i o n s .  
A s u b s t a n t i a l  d i f f e r e n c e  i n  t h e  d e p l e t i o n  r a t e  was found 

A l s o  t he re  i s  a s u b s t a n t i a l  
l a g  time i n  t h e  r e c o v e r y  r a t e s  between t h e  stream samples  

s i t u a t i o n .  

Two s t a t i o n s  on t h e  O g i l v i e  R i v e r  produced  somewhat 

and  t h e  lake 

anomalous v a l u e s  
f o r  d i s s o l v e d  oxygen i n  t h a t ' t h e  d e p l e t i o n  o v e r  t h e  w i n t e r  was minimal. 
The r e a s o n  f o r  t h i s  c o u l d  be t h a t  b o t h  s t a t i o n s  are  s u b s t a n t i a l l y  c o n t r o l l e d  

by groundwater  flow which  seems t o  modera te  d i s s o l v e d  oxygen v a r i a b i l i t y .  
The groundwater f l o w  i n  these cases i s  r e s p o n s i b l e  f o r  m a i n t a i n i n g  open 

water c o n d i t i o n s  a l l  w i n t e r  and t h e  DO-values p robab ly  r e f l ec t  t h o s e  found 
i n  t h e  groundwatf r .  

i n  t h e  O g i l v i e  R i v e r  is  p rov ided  i n  S e c t i o n  D. 
A more de ta i led  d i s c u s s i o n  on t h e  groundwater  c o n d i t i o n s  

B e s i d e s  the DO-depletion from Oc tobe r  t o  March a s e v e r e  d e c r e a s e  was 
obse rved  by S c h a l l o c k  and  L o t s p e i c h  (1974) i n  Alaskan  streams a s  one p r o c e e d s  
from t h e  headwa te r s  t owards  t h e  mouth o f  t h e  r i v e r .  T h i s  t r e n d  d i d  n o t  e x i s t  
i n  e i t he r  o f  t h e  two r i v e r s  i n v e s t i g a t e d  i n  t h i s  p r o j e c t .  

e x p l a n a t i o n s  f o r  t h e  absence  o f  such  a t r e n d  are t h a t  (1) groundwater  i n f l u e n c e s  

t h e  downstream c o n d i t i o n s  o f  t h e  O g i l v i e  R i v e r ,  and  (2) a major  lake (Swan Lake) 

e x i s t s  i n  t h e  lower s e c t i o n  o f  t h e  S w i f t  R i v e r  which is p r o b a b l y  r e s p o n s i b l e  

f o r  a s u b s t a n t i a l .  modera t ion  i n  f l o w  c o n d i t i o n s  and  mixing. 

The most l i k e l y  

I n  summary it c a n  be s ta ted  t h a t  a d e p l e t i o n  o f  d i s s o l v e d  oxygen o c c u r r e d  
t h r o u g h o u t  t h e  w i n t e r  i n  a g r e a t  v a r i e t y  o f  stream c o n d i t i o n s  w i t h i n  bo th  

watersheds. 
and L o t s p e i c h  (1974) i n  Alaska who found t h a t  r i v e r s  o f  a l l  s izes ,  d r a i n a g e ,  
and s u r f a c e  d i s c h a r g e  e x h i b i t  s e v e r e  n a t u r a l  DO-depletions. 

s t u d y  it is n o t  p s s i b l e  t o  d e t e r m i n e  p r e c i s e l y  t h o s e  f a c t o r s  which are  most 

i n s t r u m e n t a l  i n  c a u s i n g  t h e  DO-decrease. 

would be  necessa ry .  

i n  t h i s  s t u d y  s u g g e s t s  t h a t  t h e  DO-depletion phenomenon i s  n o t  l i m i t e d  t o  a 
few selected Alaska  r i v e r s  b u t  i s  p r e s e n t  i n  o t h e r  n o r t h e r n  r i v e r s .  Also a 
number o f  f a c t o r s  are  r e s p o n s i b l e  f o r  i t s  o c c u r r e n c e ,  t h e  most common o n e s  

p robab ly  b e i n g  unde r - i ce  r e s p i r a t i o n ,  p h o t o s y n t h e s i s ,  and  a e r a t i o n .  

T h i s  i s  i n  agreement w i t h  o b s e r v a t i o n s  p u b l i s h e d  by S c h a l l o c k  

From t h e  p r e s e n t  

F o r  t h i s  a s p e c i f i c  i n v e s t i g a t i o n  
N e v e r t h e l e s s  i t  can  be s t a t e d  t h a t  t h e  e v i d e n c e  produced  
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DISSOLVED OXYGEN TREND UNDER DIFFERENT HYDROLOGICAL 

C0NC)ITlONS IN THE SWIFT RIVER 
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F i g u r e  10. Dissolved oxygen t r e n d s  
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I 2 )  Seasona l  t r e n d s  i n  o t h e r  water q u a l i t y  p a r a m e t e r s  

From t h e  fE3w i n v e s t i g a t i o n s  made i n  Alaska ( S c h a l l o c k  e t  a1 1970,  1974, 
L o t s p e i c h  e t  a1 1976) i t  a p p e a r s  t h a t  t h e  c o n c e n t r a t i o n s  o f  a number of  water 
q u a l i t y  p a r a m e t e r s  i n c r e a s e d  i n  t h e s e  n o r t h e r n  r i v e r s  w i t h  t h e  advance of  
w in te r .  

wa te r sheds  under i n v e s t i g a t i o n .  

e v i d e n t  i n  t h e  Swift; R i v e r  b a s i n ,  w h i l e  t h e  O g i l v i e  d a t a  is somewhat more 
complex. I n  t h e  l a t t e r  case t h i s  complexi ty  c o u l d  be caused  by s e l e c t i v e  
groundwater  c o n t r i b u t i o n s  a l o n g  t h e  downstream s e c t i o n  o f  t h e  r i v e r .  

by i n c r e a s i n g  su:rfac;e run-of f  d u r i n g  s p r i n g  i s  p robab ly  t h e  most  i m p o r t a n t  

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

t h r e e  g roups ,  (1') t h o s e  i n d i c a t i v e  o f  g e o l o g i c a l  c o n d i t i o n s ,  (2) metals, and 

T h i s  t r e n d  d e f i n i t e l y  e x i s t s  f o r  a number o f  p a r a m e t e r s  i n  b o t h  

The  c o n s i s t e n c y  o f  t h i s  t r e n d  is  most 

D i l u t i o n ,  

F o r  t h e  a n a l y s i s  t h e  p a r a m e t e r s  were d i v i d e d  i n t o  

( 3 )  t h o s e  i n f l u e n c e d  by b i o l o g i c a l  f a c t o r s .  

( a )  S e a s o n a l  t r e n d s  i n  p a r a m e t e r s  r e l a t e d  t o  geology.- No c o n s i s t e n t  ................................................ 
change i n  pH was obse rved  d u r i n g  t h e  w i n t e r  ( F i g u r e  11) b u t  a l l  v a l u e s  

dropped s igni f icent :Ly a f t e r  ice break-up and f reshe t ,  r e c o v e r i n g  a g a i n  i n  
l a t e  summer t o  1eve:Ls e q u a l  t o  o r  above w i n t e r  v a l u e s .  

a l k a l i n i t y ,  s i l i c a ,  Ca, Mg, Na, and SO4 c o n c e n t r a t i o n s  ( F i g u r e s  12 - 18) showed 

t h e  same summer t r e n d s  but d i f f e r e d  from t h o s e  o f  t h e  pH v a l u e s  i n  t h a t  t h e  

c o n c e n t r a t i o n  g e n e r a l l y  i n c r e a s e d  th roughou t  t h e  w i n t e r .  The h i g h e s t  yearly 
c o n c e n t r a t i o n s  were r e c o r d e d  immediately p r i o r  t o  break-up, under  maximum 
ice  cove r .  All s t a t i o n s  i n  t h e  S w i f t  R i v e r  b a s i n  and a t  l eas t  two i n  t h e  

O g i l v i e  conf i rm t h i s  t r e n d .  

2 ,  3 and 8 i n  t h e  O g i l v i e  system where c o n c e n t r a t i o n s  e i t h e r  stay t h e  same o r  
d e c r e a s e  s l i g h t l y  d u r i n g  t h e  w i n t e r .  These s t a t i o n s  are  i n f l u e n c e d  by ground- 

water d i s c h a r g e  which i s  p a r t i c u l a r l y  e v i d e n t  d u r i n g  t h e  w i n t e r  and t h i s  seems 
t o  c a u s e  a change i n  t h e  o v e r a l l  t r e n d .  

s t a t i o n s  w i l l  be d i s c u s s e d  i n  g r e a t e r  d e t a i l  i n  S e c t i o n  D. 

S p e c i f i c  conduc tance ,  

E x c e p t i o n s  were n o t e d  i n  t h e  case o f  s t a t i o n s  

The groundwater  c o n d i t i o n s  i n  these 

( b )  S e a s o n a l  t r e n d s  i n  metal c o n c e n t r a t i o n s . -  E x t r a c t a b l e  i r o n  con- 
-----,---------------------------------- 

c e n t r a t i o n s  fo l lowed  a d i s t i n c t l y  d i f f e r e n t  p a t t e r n  from t h o s e  r e c o r d e d  f o r  t h e  

p a r a m e t e r s  d i s c u s s e d  above. 

May d u r i n g  h igh  water c o n d i t i o n s  ( F i g u r e  19). 

The h i g h e s t  c o n c e n t r a t i o n s  o f  metals o c c u r r e d  i n  

Some ev idence  e x i s t s  t h a t  
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FIGURE 12, SEASONAL VARIATIONS IN SPECIFIC CONDUCTANCE 
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Fiaure 15. Seasonal Variations in Dissolved Calcium 
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Figurel8. Seasonal Variations in Sulphate 
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FlGldRiE 19. SEASONAL VARIATIONS IN Fe 
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o the r  metals such  a s  Cu, Mn, N i  and  Zn behave i n  a similar way b u t ,  u n f o r t u n a t e l y ,  

t h e  c o n c e n t r a t i o n s  o f  t h e s e  metals were g e n e r a l l y  c l o s e  t o  t h e  d e t e c t i o n  limits 

t h u s  making it i n i p o s s i b l e  t o  carry o u t  a s a t i s f a c t o r y  examina t ion ,  

(c) S e a s o n a l  t r e n d s  i n  p a r a m e t e r s  re la ted  t o  b io logy , -  Tota l  phosphorus ,  -----.---I--__--_-_-_---------------------------- 
n i t r a t e + n i t r i t e ,  t o t a l  d i s s o l v e d  n i t r o g e n  and ammonia-nitrogen are dynamic 

p a r a m e t e r s  and are  i n f l u e n c e d  by bo th  h y d r o l o g i c  and  b i o l o g i c a l  c o n d i t i o n s  

i n  t h e  stream. Total  n i t r o g e n  and  ammonia-nitrogen c o n c e n t r a t i o n s  p a r t i a l l y  
i n c r e a s e d  early i n  w i n t e r ,  t h e n  dropped  s l i g h t l y  f o r  t h e  rest  of t h e  w i n t e r ,  

F i n a l l y  h i g h e s t  concm- i t r a t ions  o c c u r r e d  i n  bo th  w a t e r s h e d s  d u r i n g  s p r i n g  run-of f  

( F i g u r e s  20-21). 
r e a c h e d  h i g h e s t  v a l u e s  i n  May ( F i g u r e  22). 

f o l l o w e d  t h e  p a t t e r n  o f  t h e  geology related p a r a m e t e r s  i n  t h a t  t h e  concen- 

t r a t i o n s  i n c r e a s i d  as  w i n t e r  p r o g r e s s e d  ( F i g u r e  23). 

Phosphorus  remained  low t h r o u g h o u t  t h e  w i n t e r  and a l s o  

N i t r a t d n i t r i t e  i n  c o n t r a s t  

3 )  SummarV o f  s e a s o n a l  t r e n d s  i n  water q u a l i t y  p a r a m e t e r s  

T h r e e  t y p e s  0.F t r e n d s  i n  water q u a l i t y  p a r a m e t e r s  were obse rved  through-  
o u t  t h e  year: 

Those p a r a m e t e r s  f o r  which t h e  c o n c e n t r a t i o n  i n c r e a s e d  t h r o u g h o u t  
t h e  u i n t e r  t o  reach maximum a n n u a l  c o n c e n t r a t i o n  a t  t h i c k e s t  ice 

cover  immedia te ly  p r i o r  t o  break-up. 
conduc tance ,  a l k a l i n i t y ,  Ca, Mg, Na, S i ,  SO4, and N ( N O ~ + N O ~ ) .  

Examples i n c l u d e  s p e c i f i c  

Pa ran ie t e r s  which  were c o n s i s t e n t l y  low o r  d e c r e a s e d  as w i n t e r  

p r o g r e s s e d  t o  i n c r e a s e  d r a s t i c a l l y  d u r i n g  s p r i n g  h i g h  water, 
These i n c l u d e  a number of metals e s p e c i a l l y  F e ,  t o t a l  phosphorus  
and d i s s o l v e d  oxygen. 

P a r a m e t e r s  which  showed a n  i n c r e a s e  d u r i n g  ear ly  w i n t e r ,  f o l l o w e d  
by a s l i g h t  d e c r e a s e  i n  l a t e  w i n t e r  and r e a c h i n g  maximum concen- 

t r a t i o n s  d u r i n g  s p r i n g  h i g h  water, 
and immonia-ni t r o g e n  , 

Examples i n c l u d e  n i t r o g e n ,  
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Figure 21. Seasonal variation in ammonia-nitrogen. 
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F i g u r e  22. Seasonal variation in total phosphorus. 
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FIGURE :23. SEASONAL VARIATIONS IN N(NO~+NOJ - 
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STATION 
#lO 

4 samples  
(Oc tobe r )  

2 samples  
------------- 
(December) 

4 samples  
J u n e  20, 

1978 
(0-40 cm. 

dep th )  

- 4 3  - 

STAT I ON 
H15 

2 samples  
(October )  

2 samples  
---I------------ 

(May) 

C. S o u r c e s  of' V o r i s b i l i  t y  i n  1ilot.cr !:ual i t.y 

1) C r o s s - s e c t i o n a l  and s h o r t  term v a r i a b i l i t y  - 
I n  any env i ronmen ta l  i n v e s t i g a t i o n  it is  first e s s e n t i a l  t o  de t e rmine  

t h e  s o u r c e  and magnitude o f  v a r i a b i l i t y  i n  t h e  exper iment  s i n c e  t h i s  l a r g e l y  

d e t e r m i n e s  thE! accu racy  and r e l i a b i l i t y  of  t h e  i n t e r p r e t e d  r e s u l t s .  

s iderable ev idence  h a s  been produced by Kleiber and  E r l e b a c h  (1977) t h a t  

s i n g l e  g r a b  samples  o f t e n  do n o t  accurately accoun t  f o r  mean v a l u e s  a t  any 

one s t a t i o n  i n  a r i v e r .  To de te rmine  whether  t h i s  i s  t h e  case i n  t h e  two 
r i v e r s  under  i n v e s t i g a t i o n  a number o f  small scale expe r imen t s  were per formed 

a t  two s t a t i o n s  i n  t h e  S w i f t  R i v e r  b a s i n  and three i n  t h e  O g i l v i e  R i v e r  bas in .  

Con- 

An overview of t h e  t y p e  o f  expe r imen t s  carried o u t  i s  g iven  i n  Table 4 below. 

Table 4 ,  Rn Overview o f  Sample V a r i a b i l i t y  Assessments  

VPE OF VARIABILITY 
SSESSMENT : 

k o s s - s e c t i o n a l  
' a r iab i  li t y 

A t  d i f f e r e n t  
times o f  t h e  
year -- 

e r t i c a l  
' a r iab i  li t y 

i h o r t -  term 
' a r i ab i  l i t y  

Over 315 minutes :  

Over 70 h o u r s  

4 samples  
(May 20,  ' 7 8  

( 0 ,  105, 210, 
315 minutes)  

10.30-15.45) 

------------- 
4 samples  
March 22,  12.30 

t o  March 25 ,  
10.30 
(0 , 23 ,47 ,70  h r s  

OGILWIE R I V E R  

STATION 
# 2  

2 samples  
(October  ) ---------- 

STATION 
# 1  

2 samples  
(October) 

2 samples  
(Augus t )  

----------- 

STATION 
# 6  
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1.0 
1.4* 
0.5 
0 

0 
2.0* 

0 
0.04 
0.006* 
0.002 

Although t h e  sample numbers i n  Table 4 are small t h e y  n e v e r t h e l e s s  p r o v i d e  
a basis  from w h i c h  t o  de t e rmine  sample r e l i a b i l i t y .  

2.5 
2.1* 
1.0 
0.1 
0.1 
1.5* 
0.3* 
0.01 
0.06* 
0.06* 

V a r i a t i o n s  i n  c r o s s - s e c t i o n a l  v a r i a b i l i t y  were t a b u l a t e d  i n  Table  5. 

The numbers refer t o  t h e  d i f f e r e n c e  between maximum and minimum v a l u e s  f o r  

each  pa rame te r  and se t  o f  samples.  

T a b l e  5. Magnitude of  C r o s s - s e c t i o n a l  Var i ab i l i t y  ( e x p r e s s e d  as  
d i f f e r e n c e  between maximum and minimum v a l u e s ,  u s u a l l y  i n  
mg/l excep t  pH and spec. cond.) 

ATER 
UALITY 
AR AMETERS 

PH 
s p e c i f i c  

cond . 
h a r d n e s s  

Ca 

Mg 

Na 

K 

S i  

s04 

N (Nn3+m2 

c1 
Fe 

t. N 

SWIFT R I V E R  STATIONS 

#lO 
(Oct) 

- 
0.1 
1-0 

0.2 

0.6 
0.4* 

0.2 

0.1 
0 
0.5* 

0 
0.06 
0.004 
0.810 - 

#lO 
(Dee) 

- 
0 
1.0 

0 

0.5 
0.3* 

0.1 
0.1 
0.1 
0.3 
0 
0 
0. c302 

0.005 
- 

#15 

(Oct) 

- 
0 

1.3 

0.2 

0.3 

0.3* 
0 

0.1 
0 
0 
0 
0 
0.014: 
0 . 005 
- 

#15 
(May) 

0 
0 

0.8* 
0.6 

0.2 

0 

0 

0 
0.5* 

0 

0 

0.002 

0. 

O G I L V I E  R I V E R  STATIOI'JS 

$ 2  

(act)  

- 
1.1 
J 

1.0 
2.5 

1.3* 
0.1 
0 
0 

2.0* 

0.1 
0.02 

0.001 
0 
- 

2.2 

1.3* 
0.3 

0 
0.1 
0 
0.1 
0.01 
0.003 

0.005 
- 

?.O* 3.0" 

I n d i c a t e s  v a r i a b i l i t y  > a n a l y t i c a l  accuracy 

Accuracy i n  
A n a l y t i c a l  
P rocedure  
2 S.D. (95%) 

C o n c e n t r a t i o n  
Low H i q h  

0.1 0.1 
0.8 18.0 

0.4 1.4 
0.2 3.0 
0.05 0.2 

0.1 0.3 

0.2 0.6 
0.1 0.34 
0.08 0.44 
0.05 0.2 
0.01 0.016 
0.001 0.003 
0.004 0.014 

I t  is  read i ly  a p p a r e n t . t h a t  t h e  c r o s s - s e c t i o n a l  v a r i a b i l i t y  is  s m a l l  f o r  

most p a r a m e t e r s  t h u s  i n d i c a t i n g  t h a t  t h e  streams under  i n v e s t i g a t i o n  are well 

mixed, and s i n g l e  g r a b  samples  a d e q u a t e l y  ref lect  stream c o n d i t i o n  a t  each  g iven  

site. 
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To f u r t h e r  s u b s t a n t i a t e  t hese  f i n d i n g s  a comparison was made i n  Table 

6 between c r o s s - s e c t i o n a l  v a r i a b i l i t y ,  t empora l  and s p a t i a l  v a r i a b i l i t y .  
S h o r t  term time v a r i a b i l i t y  o v e r  315 minu tes  and o v e r  70 h o u r s ,  and s e a s o n a l  

v a r i a b i l i t y  o v e r  6 sampl ing  p e r i o d s  were a l l  computed f o r  s t a t i o n  #lo i n  

t h e  S w i f t  R ive r .  S p a t i a l  v a r i a b i l i t y  was measured f o r  each o f  t h e  s i x  

sampl ing  p e r i o d s  and i n c l u d e d  a l l  S w i f t  R i v e r  sampl ing  s t a t i o n s .  Each 
pa rame te r  is c o n t r o l l e d  by a d i f f e r e n t  se t  o f  f a c t o r s  each  producing  a 
d i f f e r e n t  t y p e  o f  v a r i a b i l i t y .  
c r o s s - s e c t i o n a l  and s h o r t  term v a r i a b i l i t i e s  are  shown t o  be c o n s i s t e n t l y  

smaller t h a n  e i t h e r  t h e  s e a s o n a l  o r  s p a t i a l  v a r i a b i l i t y .  As shown i n  F i g u r e s  
11 t o  2 3  t r e n d s  d e r f v e d  from s i n g l e  samples  are  c o n s i s t e n t ,  a f a c t o r  which  

f u r t h e r  j u s t i f i e s  the use of  s i n g l e  g r a b  samples  under  t h e  g i v e n  c o n d i t i o n s  
i n  t h e  two r iver! ;  i n v e s t i g a t e d .  

T h i s  can  be s e e n  i n  T a b l e  6 where t h e  d e p t h ,  

T a b l e  6 a l s o  produces ev idence  showing t h a t  t h e  s e a s o n a l  and s p a t i a l  

v a r i a b i l i t i e s  a m  s i g n i f i c a n t  b u t  dependent  on pa rame te r  t ype .  

this i n  g r e a t e r  d e t a i l  a comparison was made between s p a t i a l  and  s e a s o n a l  

v a r i a b i l i t y  i n  each  watershed .  

To i n v e s t i g a t e  

2 )  S p a t i a l  vs .  s e a s o n a l  v a r i a b i l i t y  

Only t h o s e  s t a t i o n s  w i t h  a comple te  data se t  were used  i n  t h i s  comparison.  

The  s e a s o n a l  r a n g e  was computed f o r  each sampl ing  s t a t i o n  and t h e  s p a t i a l  
v a r i a b i l i t y  was based on data from a l l  s t a t i o n s  f o r  each o f  t h e  sampl ing  

p e r i o d s .  R e s u l t s  o f  t h i s  can  be found i n  F i g u r e s  24 t o  27. 

The d i s s i m i l a r  behaviour  o f  i n d i v i d u a l  p a r a m e t e r s  is  a l s o  a p p a r e n t  i n  
G e n e r a l l y  s p a t i a l  v a r i a b i l i t y  seems t o  be more i m p o r t a n t  F i g u r e s  24 t o  27. 

t h a n  s e a s o n a l  v a r i a b i l i t y  i n  t h e  S w i f t  system, w h i l e  s e a s o n a l  v a r i a t i o n s  t e n d  
t o  be h i g h e r  i n  t h e  O g i l v i e .  To v e r i f y  these o b s e r v a t i o n s  a s i g n i f i c a n c e  

t e s t  was conducted  (Mann Whitney U-Test) i n  which a l l  s p a t i a l  v a l u e s  were 
compared a g a i n s t ,  a l l  s e a s o n a l  v a l u e s .  

' in  Table 7 on page  51. 

The r e s u l t s  o f  t h i s  test  are p r o v i d e d  
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Figure 2AComparison, Bet ween Seasona B and Spatial Va tri a bi Iity 
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Figure 25. Comparison - Between ___- Seasonal _ _ _ _ _  ___ and - Spatial __ Variability ___._ 
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Figure 26.Cornparison Between Seasonal and Spatial Variability 
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Figure27. CQNTI~~~~SO~I Between Seasonal and Spatial Variability. 

- oc;ILv1E RIVER(Expressed as Difference Between Haximum- 
Minimum Values ) 
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S p a t i a l  V a r i a b i l i t y  S p a t i a l  V a r i a b i l i t y  No S i g n i f i c a n t  
S i g n i f i c a n t l y  h i g h e r  S i g n i f i c a n t l y  lower  D i f f e r e n c e  between 
t h a n  S e a s o n a l  t h a n  S e a s o n a l  S p a t i a l  and  S e a s o n a l  
V a r i a b i l i t y  V a r i a b i l i  t y V a r i a b i l i t y  
( d : =  0.05) ( d  = 0.05) (d= 0.05) 

y e s  ( S w i f t )  y e s  ( O g i l v i e )  

y e s  ( S w i f t )  y e s  ( O g i l v i e )  

ye!; ( S w i f t )  O g i l v i e  

y e s  ( S w i f t )  O g i l v i e  

yes ( S w i f t  O g i l v i e  
yes ( U g i l v i e )  S w i f t  

S w i f t  
yes (Swi f t )  O g i l v i e  

y e s  ( O g i l v i e )  S w i f t  
O g i l v i e  8 S w i f t  

yes ( O g i l v i e )  S w i f t  

yes ( S w i f t )  0 g i l v i e  

T a b l e  7. R e s u l t s  o f  S i g n i f i c a n c e  Tes t  Comparing S p a t i a l  w i t h  S e a s o n a l  
V a r i a b i l i t y  ( b a s e d  on Mann-Whitney U-Test a t  d = 0.05) 

T a b l e  7 shriws t h a t  t h e  two b a s i n s  produce  somewhat c o n t r a d i c t o r y  d a t a  I f o r  a number o f  pa rame te r s .  S e a s o n a l  v a r i a t i o n  i s  i n d e e d  g r e a t e r  i n  t h e  

1 
I 

O g i l v i e  w h i l e  s p a t i a l  v a r i a b i l i t y  i s  more i m p o r t a n t  i n  t h e  S w i f t  R ive r .  
can  p a r t i a l l y  h e  e x p l a i n e d  by t h e  fac t  t h a t  t h e  groundwater  i n f l u e n c e  i n  t h e  

O g i l v i e  is  s u b s t a n t i a l l y  g r e a t e r  d u r i n g  t h e  w i n t e r .  
summer a r a p i d  s u r f a c e  run-of f  i s  dominant i n  t h e  O g i l v i e  because  t h e  b a s i n  

is  s p a r c e l y  v e g e t a t e d  and  p e r m a f r o s t  c o n d i t i o n s  e x i s t  ve ry  n e a r  t h e  s u r f a c e .  
T h i s  t e n d s  t o  r e d u c e  t h e  c o n t a c t  time o f  incoming water w i t h  t h e  ground and  
t h i s  i n c r e a s e d  s u r f a c e  f low g e n e r a l l y  e x h i b i t s  s u b s t a n t i a l l y  lower m i n e r a l  

c o n c e n t r a t i o n s  t h a n  t h o s e  found i n  groundwater.  

T h i s  

Dur ing  t h e  s p r i n g  and 

I 
. .  I 
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O t h e r  t r e n d s  e x t r a c t e d  from F i g u r e s  24 t o  27 i n d i c a t e  t h a t  t h e  s e a s o n a l  

+ rJ02 i n c r e a s e d  w i t h  t h e  advance  3 v a r i a b i l i t y  f o r  PJa, Mg, SO4, S i ,  t N ,  and NO 

o f  w i n t e r  i n  t h e  S w i f t  R i v e r  b a s i n .  
n o t e d  f o r  t h e  i l g i l v i e  d u r i n g  s p r i n g  break-up and h igh  water c o n d i t i o n s .  I n  

e a c h  case t h e s e  two o b s e r v a t i o n s  were dominant o n l y  i n  one o f  t h e  two water- 
s h e d s  examined, t h u s  s u g g e s t i n g  t h a t  t h e  two b a s i n s  are  s u b j e c t  t o  d i f f e r e n t  

p r e s s u r e s  and reg ime f a c t o r s .  

S i g n i f i c a n t l y  r educed  v a r i a t i o n s  were 

3) Ice c o n d i t i o n s  a s  a s o u r c e  o f  v a r i a b i l i t y  - 
During  w i n t e r  sampl ing  i n  t h e  O g i l v i e  water f lowing  between ice  layers  

was found i n  s t a t i o n  #l0. 

once t a p p e d ,  c o n t i n u e d  t o  f l o w  t o  t h e  s u r f a c e  t h r o u g h o u t  t h e  30-minute 

sampl ing  p e r i o d .  
t o  t h e  e x t e n t  t h a t  enormous d i f f e r e n c e s  were found  between r e p l i c a t e  a n a l y s e s .  

The  water f l o w i n g  between ice  l a y e r s  produced  s i g n i f i c a n t l y  h i g h e r  c o n c e n t r a -  

t i o n s  t h a n  water f‘lowing below t h e  ice. 
t h e  d i f f e r e n c e  i n  s p e c i f i c  conduc tance  is c o n t r a s t e d .  
h i g h e r  v a l u e s  uere o b t a i n e d  f o r  a l k a l i n i t y ,  h a r d n e s s ,  Ca, Mg, H, Na, S i l i c a ,  

SO4,  etc.  

The water was under  c o n s i d e r a b l e  p r e s s u r e  a n d ,  

D i s s o l v e d  oxygen and  water q u a l i t y  v a l u e s  were e r ra t ic  

T h i s  c a n  be s e e n  i n  F i g u r e  28 where 

S i m i l a r l y  s i g n i f i c a n t l y  

I t  i s  assumed t h a t  t h e  p r o g r e s s i v e  f r e e z i n g  p r o c e s s  was i n  p a r t  r e s p o n s i b l e  

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

a n a l y s i s  and  t h o s e  per formed three t o  f o u r  weeks l a t e r  s u g g e s t i n g  t h a t  u n s t a b l e  

c o n d i t i o n s  e x i s t e d .  

f i e l d  t o  t h e  l a b o r a t o r y  cou ld  have caused  v a r i o u s  d e g r e e s  o f  p r e c i p i t a t i o n  

and p o s s i b l e  r e d i s s o l u t i o n  which would be  r e s p o n s i b l e  f o r  t h e  e r r a t i c  a n a l y t i -  

ca l  resul ts .  

C o n c e n t r a t i o n s  d i d  d e c r e a s e  between t h e  f i r s t  

S l i g h t  warming of samples  d u r i n g  t h e  t r a n s f e r  from t h e  

From t h e s e  o b s e r v a t i o n s  it i s  e v i d e n t  t h a t  water q u a l i t y  can  be s i g -  

n i f i c a n t l y  a l t tmxl  by d i f f e r e n t  i c e  c o n d i t i o n s .  

n e c e s s a r y  when sampl ing  water under  such  c o n d i t i o n s  s i n c e  c o n c e n t r a t i o n s  

can  be a f f e c t e d  c o n s i d e r a b l y  by t h i s  p r o c e s s .  

C a u t i o n  is t h e r e f o r e  
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Water under Pressure 
between Ice Layers 
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1978 
-- 
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F i g u r e  28,. D i f f e r e n c e s  i n  c o n c e n t r a t i o n s  between water from ice layer 
and water i n  c h a n n e l  below ice cover .  

4 )  

Based on s e v e r a l  t es t s ,  c r o s s - s e c t i o n a l  and shor t - t e rm v a r i a b i l i t i e s  

- Summai-~-of sources and maqnitude of v a r i a b i l i t y  

were found t o  be ve ry  small and t h e  u s e  of  s i n g l e  g r a b  samples  as a measure 

of  r i v e r  c o n d i t i o n s  i n  each  s t a t i o n  c o u l d  be j u s t i f i e d ,  

Cross-sec1; ional  and  shor t - t e rm v a r i a b i l i t i e s  were s i g n i f i c a n t l y  smaller 

A comparison between t h e  l a t t e r  t h a n  e i t h e r  s p a t i a l  o r  s e a s o n a l  v a r i a b i l i t y .  

two showed t h a t  s ea , sona l  v a r i a t i o n s  were g r e a t e r  i n  t h e  O g i l v i e ,  w h i l e  s p a t i a l  

v a r i a t i o n s  were more s i g n i f i c a n t  i n  t h e  S w i f t  R i v e r  bas in .  The d i f f e r e n c e s  i n  
t h e  hydro logica l -  regime and t h e  c o n d i t i o n s  i n  t h e  d r a i n a g e  b a s i n  were t h o u g h t  

t o  be r e spons ib l - e  f o r  t h e s e  c o n t r a s t i n g  r e s u l t s .  
layers  showed c o n s i d e r a b l y  h i g h e r  i o n  c o n c e n t r a t i o n s  t h a n  water i n  t h e  stream 

bed under  ice cciver. T h e  former  was under p r e s s u r e  and p robab ly  i n f l u e n c e d  by 

t h e  c o n t i n u o u s  process o f  ice  f o r m a t i o n  which c o u l d  I n  p a r t  be r e s p o n s i b l e  f o r  

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

water under  such  c o n d i t i o n s .  

F i n a l l y ,  water between ice  

Care shou ld  t h e r e f o r e  be  t a k e n  when sampl ing  
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D. G e n e r a l  Watm Q u a l i t y  C o n d i t i o n s  i n  t h e  Two Watersheds 

1) 

The S w i f t  R i v e r  wa te r shed  is u n d e r l a i n  p r i m a r i l y  by i g n e o u s  and meta- 

Comparison between t h e  S w i f t  and O g i l v i e  R i v e r  B a s i n s  

morphic  r o c k s  which  are  r e s p o n s i b l e  f o r  producing  s o f t  water w i t h  low Ca, 
and Mg v a l u e s ,  and  h i g h  s i l i c a  c o n c e n t r a t i o n s .  
b a s i n  i s  dominated by l i m e s t o n e  and shale which  produce hard  water w i t h  

h igh  c o n c e n t r a t i o n s  o f  HC03, Ca, and Mg, and low v a l u e s  f o r  S i l i c a .  These 

d i f f e r e n c e s  are a f f i r m e d  i n  F i g u r e  29 which compares t h e  mean h a r d n e s s  and  

mean s i l i c a  c o n c e n t r a t i o n s  over  t h e  one-year sampl ing  p e r i o d .  

v a l u e s  were also found f o r  o t h e r  p a r a m e t e r s  such a s  SO4, Mg, Na and C1 which 

showed d i f f e r e n c e s  o f  up t o  one o r d e r  o f  magni tude.  

I n  c o n t r a s t ,  t h e  O g i l v i e  

Such c o n t r a s t i n g  

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

r ~ ' ~ ' ~ ' ~ ' ~  ' J  ' A '  
1978 -1977 - * 

F i g u r e  29. Comparison o f  mean water q u a l i t y  c o n c e n t r a t i o n s  i n  t h e  
two s t u d y  b a s i n s .  

P r o c e s s e s  which i n f l u e n c e  and c o n t r o l  water q u a l i t y  c o n d i t i o n s  seem t o  
d i f f e r  s i g n i f i c a n t l y  between t h e  two b a s i n s  and a more de t a i l ed  examina t ion  

of  each wa te r shed  i s  r e q u i r e d .  
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2) S w i f t  R i v e r  - Non-point s o u r c e s  - 
M G s t  stat:Lons i n  t h e  S w i f t  R i v e r  showed t h e  same o v e r a l l  s e a s o n a l  t r e n d s  

( F i g u r e s  11 t o  23) d e s p i t e  c o n s i d e r a b l e  d i f f e r e n c e s  i n  base c o n c e n t r a t i o n s .  
S t a t i o n s  #14 and #8 f o r  example showed c o n s i s t e n t l y  low v a l u e s  f o r  s p e c i f i c  

conduc tance  and h a r d n e s s ,  low c o n c e n t r a t i o n s  of Ca, Mg, and 504 ,  and con- 

s i s t e n t l y  h i g h  c o n c e n t r a t i o n s  o f  s i l i ca .  
showed h i g h  s p e c i f i c  conductance  and  h a r d n e s s  v a l u e s  and low s i l i c a  concen- 

t r a t i o n s  , 

I n  c o n t r a s t  s t a t i o n s  #5 and  #3 

All fou r  cif t,hese s t a t i o n s  are l o c a t e d  on major  t r i b u t a r i e s  t o  t h e  

S w i f t  R i v e r  and on d r a i n a g e  areas which d i f f e r  s l i g h t l y  from one  a n o t h e r  

i n  s i z e  and  s u r f a c e  composi t ion .  

chemical d i f f e r e n c e s  a n  examina t ion  o f  t h e  bedrock  geology was made and  

m i n e r a l o g i c a l  d i f f e r e n c e s  were compared w i t h  water q u a l i t y  o b s e r v a t i o n s .  
For  t h i s  purposEz a m u l t i p a r a m e t e r  approach  was chosen  because  t h e  u s e  of a 

s i n g l e  p a r a m e t e r  w a s  t hough t  t o  be i n s u f f i c i e n t  f o r  a g e o l o g i c a l  a n a l y s i s  

s i n c e  each rock  t y p e  is  made up o f  a number o f  d i f f e r e n t  base e lemen t s .  

To de t e rmine  t h e  p o s s i b l e  c a u s e s  f o r  t hese  

A h i e r a r c h i c a l  c l u s t e r i n g  p r o c e d u r e  o r i g i n a l l y  desc r ibed  by Ward (1963) 
was u s e d ,  and  t h e  d e g r e e  o f  s imi la r i ty  i n  o v e r a l l  c h e m i s t r y  was de te rmined  

between a l l  s t a t i o n s  i n  t h e  b a s i n .  
a l k a l i n i t y ,  h a r d n e s s ,  Ea, Mg, K ,  Na, S i ,  S O 4 ,  and pH) were chosen  f o r  t h i s  

p r o c e s s  and  t h e  d e g r e e  o f  s i m i l a r i t y  was measured as  t h e  mean d i s t a n c e  between 
p a r a m e t e r s  once  p l o t t e d  i n  n-d imens iona l  space .  

programme ( P a t t e r s o n  and  Whi taker  1973) was used  and t h e  r e s u l t s  o f  t h i s  

a n a l y s i s  are p r e s e n t e d  i n  F i g u r e  30, 

q u a l i t y  s t a t ion : ;  we're c lass i f ied i n  terms o f  t h e  t e n  chosen  chemical p a r a m e t e r s  
and t h o s e  s t a t i c l n s  which  group t o g e t h e r  a t  an, e a r l y  s t a g e  i n  t h e  hierarchical 

c l a s s i f i c a t i o n  uere c o n s i d e r e d  most similar, 

Ten p a r a m e t e r s  ( s p e c i f i c  conduc tance ,  

The UBC-C-Group computer 

For each sampl ing  p e r i o d  a l l  11 water 

From F i g u r e  30 i t  is  q u i c k l y  e v i d e n t  t h a t  a l l  major s t a t i o n s  on t h e  

S w i f t  R i v e r  (6 ,  7 ,  9 ,  10,  11, 15) and  t h e  Smar t  R i v e r  t r i b u t a r y  ( s t a t i o n  2 )  

t e n d  t o  form a c l u s t e r  f o r  much o f  t h e  y e a r ,  w h i l e  t h e  t r i b u t a r y  s t a t i o n s  
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Figure 30. Degree o f  similarity between water quality stations in 
the Swift River basin (based on 10 chemical parameters). 
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( 3 ,  5, 8 and  14) formed c o n s i s t e n t l y  s e p a r a t e  g roup ing  p a t t e r n s .  A low 

d e g r e e  of s i m i l a r i t y  was found between s t a t i o n s  14 and 8 w h i l e  s t a t i o n s  

3 and 5 were o n l y  m a r g i n a l l y  related. 
o f  t h e  s i x  sampl ing  p e r i o d s  examined s u g g e s t i n g  t h a t  t h e  chemical c o n d i t i o n s  

are d i f f e r e n t  and  t h a t  t h e  c a u s a t i v e  f a c t o r  i s  permanent.  

geology i s  t h e  l i k e l y  c a u s e  of t h i s  p a t t e r n ,  which c a n  be v e r i f i e d  from t h e  

T h i s  p a t t e r n  is  c o n s i s t e n t  f o r  f i v e  

D i f f e r e n c e s  i n  

bedrock and  s u r f i c i a l  geology maps i n  F i g u r e s  31 and 32. 

The Screw CrE!ek ( s t a t i o n  5) d r a i n a g e  b a s i n  c o n t a i n s  l i m e s t o n e  and  
d o l o m i t e  bedrock i n  i ts  headwaters. T h i s  is r e s p o n s i b l e  f o r  p roduc ing  

h i g h  s p e c i f i c  conduc tance ,  h a r d n e s s ,  Ca, and  Mg v a l u e s  and low s i l i ca  
c o n c e n t r a t i o n s .  

d e p o s i t s  and  i t  is  l i k e l y  t h a t  material from t h i s  s o u r c e  was t r a n s p o r t e d  

downwards d u r i n g  g l a c i a t i o n .  
Logjam B a s i n  ( F i g u r e  32) are l i k e l y  t o  i n f l u e n c e  water c h e m i s t r y .  

t h e  material is reworked i ts  i n f l u e n c e  is  of c o u r s e  less i n t e n s i v e ,  r e s u l t i n g  
i n  v a l u e s  which  are somewhat l ower  t h a n  t h o s e  found i n  Screw Creek where 

direct  bedrock  d r a i n a g e  i s  dominant. 

The headwaters o f  Logjam Creek  a re  c l o s e  t o  t h e s e  bedrock 

Such till d e p o s i t s  a s  those o c c u r r i n g  i n  t h e  

S i n c e  

S e a g u l l  Creek ( s t a t i o n  141,which showed h i g h  s i l ica  c o n c e n t r a t i o n s  
and  l o w  h a r d n e s s ,  Ca, and  Mg v a l u e s ,  h a s  i t s  d r a i n a g e  a l m o s t  e n t i r e l y  i n  

i g n e o u s  rocks of t h e  g r a n o d i o r i t e  v a r i e t y .  
p r o d u c t i o n  of soft water w i t h  low a l k a l i n i t y ,  Ca, Mg and pH v a l u e s .  

same effect  b u t  s l i g h t l y  less pronounced was found  i n  t h e  n e i g h b o r i n g  
d r a i n a g e  ( P a r t r i d g e  C r e e k ,  s t a t i o n  8). 

smaller p o r t i o n  o f  t h e  d r a i n a g e  i s  i n  g r a n o d i o r i t e  w h i l e  t h e  lower  s e c t i o n  

of t h e  wa te r shed  is i n f l u e n c e d  by metamorphic r o c k s  which have  a s l i g h t l y  

modi fy ing  effect. 

T h i s  i s  r e s p o n s i b l e  f o r  t h e  

The 

Here t h e  r e a s o n  i s  t h a t  a much 

The above ment ioned  t r i b u t a r i e s  are r e l a t i v e l y  small i n  s i z e  and t h e i r  
o v e r a l l  i n f l u e n c e  on t h e  S w i f t  R i v e r  water q u a l i t y  i s  l o c a l i z e d .  

shown i n  F i g u r e  34 where changes  i n  water q u a l i t y  i n  t h e  downstream d i r e c t i o n  

T h i s  i s  

1 
I 
I 
I 

of  t h e  S w i f t  R i v e r  are  p l o t t e d .  

I 
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For  o r i e n t x t i o n  purposes t h e  sequence  o f  s t a t i o n s  and l o c a t i o n  o f  

major  t r i b u t a r i e s  are  g i v e n  i n  F i g u r e  33 i n  s chemat i zed  form. 

S w i f t  R i v e r  Headwaters 

S t a t i o n  #15 a t  Alaska Hwy B r i d g e  

S t a t i o n  #10 a t  Hwy Camp 
-- 

S t a t i o n  #9, 2 km below Hwy Camp -+ P a r t  :ci dg e Creek 
S t a t i o n  #7, above  McNaughton Creek 

S t a t i o n  #6, below McNaughton Creek i 
S w i f t  R i v e r  

F i g u r e  33. Schemat i c  d iagram o f  S w i f t  R i v e r  s t a t i o n s  i n  downstream 
di. rec t i on . 

Changes i n  c o n c e n t r a t i o n s  from s t a t i o n  #15 t o  f f6 are shown i n  F i g u r e  34 

which a l s o  shows t r e n d s  f o r  s p e c i f i c  conduc tance ,  h a r d n e s s ,  s i l i c a ,  and SO4 
c o n c e n t r a t i o n s .  I t  is e v i d e n t  t h a t  some small changes  o c c u r  as  a r e s u l t  o f  

d i f f e r e n t i a l  t r i b u t a r y  c o n t r i b u t i o n .  F o r  example,  S e a g u l l  Creek w i t h  i ts  

s o f t  water is r e s p o n s i b l e  f o r  a s l i g h t  decrease i n  h a r d n e s s  and s p e c i f i c  
conduc tance  i n  the S w i f t  R i v e r  between s t a t i o n s  #lo and #9. The changes  

are r e a s o n a b l y  c o n s i s t e n t  t h roughou t  t h e  y e a r  imp ly ing  t h a t  a uniform flow 

regime e x i s t s  f o r  most water supp ly  s o u r c e s  w i t h i n  t h e  b a s i n .  One p o s s i b l e  

e x c e p t i o n  i s  McNi3ughton Creek which c a u s e s  a change i n  SO,, c o n c e n t r a t i o n s  i n  
t h e  S w i f t  a t  s t a t i o n  #6. 

McPJaughton Creek was i n a c c e s s i b l e  d u r i n g  t h i s  s t u d y  no d e f i n i t e  i n t e r p r e t a t i o n  

c o u l d  be made. 

The changes  are somewhat e r ra t ic  and  because  
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The u n i f o r m i t y  of t h e  f l o w  reg ime  i n  t h e  b a s i n  can p a r t l y  be e x p l a i n e d  
by t h e  fac t  t h a t  a series of  l akes  e x i s t s  i n  t h e  headwaters as  well a s  i n  

t h e  lower s e c t i o n s ,  o f  t h e  d r a i n a g e  b a s i n  which t e n d s  t o  r e g u l a t e  t h e  f l o w  

regime. 

I n  summary i t  was demons t r a t ed  t h a t  water q u a l i t y  i n  t h e  Swift  R i v e r  

b a s i n  i s  c o n t r o l l e d  by non-point s o u r c e s  and t h a t  l o c a l  d i f f e r e n c e s  i n  

water q u a l i t y  c o n c e n t r a t i o n s  c a n  r ead i ly  be a t t r i b u t e d  t o  d i f f e r e n c e s  i n  

t h e  d r a i n a g e  b a s i n  geology. 

water q u a l i t y  o f  tihe main stream b u t  t h e  i n f l u e n c e  is  c o n s i s t e n t  t h r o u g h o u t  
t h e  y e a r  implying t h a , t  t h e  b a s i n  i s , , u n d e r  a r e l a t i v e l y  uniform f low regime,  

T r i b u t a r i e s  have a l q c a l i z e d  effect  on t h e  

I 

3 )  O g i l v i e  R i v e r  - P o i n t  and Non-Point S o u r c e s  

The  water q u a 1 i . t ~  c o n d i t i o n s  i n  t h e  O g i l v i e  River  are i n f l u e n c e d  t o  a 

l a r g e  d e g r e e  by r i i s a i m i l a r  groundwater  c o n t r i b u t i o n s  a l o n g  t h e  e n t i r e  stream 

bed. 
and w i l l  be  treated s e p a r a t e l y  i n  t h e  n e x t  s e c t i o n  o f  t h i s  r e p o r t .  
p r e s e n t  d i s c u s s i o n  is  l imi t ed  t o  a g e n e r a l  r ev iew o f  p r o c e s s e s  and p r o v i d e s  

background i n f o r m a t i o n  on water q u a l i t y  c o n d i t i o n s  i n  t h e  b a s i n .  

T h i s  s u b j e c t  i:j of  p a r t i c u l a r  i n t e r e s t  t o  p i p e l i n e  c o n s t r u c t i o n  a c t i v i t i e s  

The 

Limestone and  shale  d e p o s i t s  a re  dominant i n  t h e  w a t e r s h e d  and are 
r e s p o n s i b l e  f o r  t h e  hard water and  h i g h  s a l t  c o n c e n t r a t i o n s  found i n  t h e  area. 
The water q u a l i t y  i s  however f a r  from uniform a s  can  readi ly  be s e e n  i n  F i g u r e s  

35 and  36. 

a s p e c i a l  su rvey  conduc ted  on J u n e  27-28, i n  which 33 samples  were t a k e n  d u r i n g  

h i g h  water c o n d i t i o n a  i n  a number of t r i b u t a r i e s  and t h e  main s e c t i o n  o f  t h e  

r i v e r .  
a v o i d  s h o r t  term changes  i n  c o n c e n t r a t i o n s  r e s u l t i n g  from f l u c t u a t i o n s  i n  
stream flow.. Unusua l ly  h igh  p r e c i p i t a t i o n  p e r s i s t e d  o v e r  a f ive -day  p e r i o d  
p r i o r  t o  and  d u r i n g  t h e  sampling,  

i n  e v e r y  creek o f  t h e  w a t e r s h e d ,  b u t  a l s o  a c c e n t u a t e d  d i f f e r e n c e s  i n  water 
q u a l i t y .  As n o t e d  p r e v i o u s l y  l i t t l e  v e g e t a t i o n  c o v e r  e x i s t s  i n  t h e  w a t e r s h e d  

and p e r m a f r o s t  c c i n d i t i o n s  were found w i t h i n  10-20 c m  from t h e  s u r f a c e  a t  t h a t  

The infoirmation p r e s e n t e d  i n  t h e s e  f i g u r e s  was c o l l e c t e d  d u r i n g  

The samples  irlere c o l l e c t e d  o v e r  a 36-hour p e r i o d  s o  a s  t o  p a r t i a l l y  

T h i s  n o t  o n l y  produced c o n s i d e r a b l e  run -o f f  
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time o f  t h e  year. 
o f  t h e  p r e c i p i t a t i o n  and as  a r e s u l t  d i r e c t  s u r f a c e  run-of f  is  i n c r e a s e d .  

c o n t a c t  tirne between water and t h e  ground i s  t h e r e f o r e  s h o r t e n e d  t h u s  p roduc ing  
r e l a t i v e l y  s o f t  water. 

c i f i c  conductance  v a l u e s  of  < 130 mhos were f r e q u e n t l y  found d e s p i t e  t h e  fac t  

t h a t  t h e  u n d e r l y i n g  geology o f  l i m e s t o n e  and shale p rov ided  a n  ample supp ly  of  

sa l t s .  
groundwater  c o n t r i . b u t i o n s  o f  m i n e r a l  release from p o i n t  s o u r c e s ,  bo th  o f  which  

are p a r t i a l l y  i n t e r d e p e n d e n t .  

These two f a c t o r s  i n h i b i t  i n f i l t r a t i o n  and water r e t e n t i o n  
The 

T h i s  was most e v i d e n t  on small t r i b u t a r i e s  where spe-  

Water w i t h  h igh  s p e c i f i c  conductance  i s  t h e r e f o r e  a n  i n d i c a t o r  o f  

I t  shou ld  bE! n o t e d  t h a t  these s p a t i a l  d i f f e r e n c e s  do n o t  remain c o n s t a n t  

t h roughou t  t h e  year p a r t i c u l a r l y  s i n c e  many t r i b u t a r i e s  are w i t h o u t  water most 

o f  t h e  summer. I n  a d d i t i o n  p r o p o r t i o n a l  c o n t r i b u t i o n s  o f  snow melt ,  ground- 

water f l o w ,  and s u r f a c e  run-of f  from r a i n f a l l  change r a d i c a l l y  from t h e  time 
o f  ice break-up  to w i n t e r  f reeze-up .  
s l i g h t l y  d i f f e r e n l ;  pl-l c o n d i t i o n s  were observed  by Goodfel low e t  a1 (1976) and  
Jonasson  and  Goodl'ell.ow (1976) i n  a GSC Reconnaissance  Geochemical  su rvey  i n  

Eng inee r  Creek ( F i g u r e  37)  . 

I t  is  therefore  n o t  s u r p r i s i n g  t h a t  

From Figure:; 35 and 36 it  is  clear  t h a t  a number of  unusua l  chemical 

c o n d i t i o n s  e x i s t  i n  Elngineer Creek and these w i l l  be d i s c u s s e d  i n  d e t a i l  below. 

Ext remely  h i g h  s p e c i f i c  conductance  v a l u e s  were o b t a i n e d  from a ser ies  
o f  s p r i n g s  l o c a t e d  i n  Eng inee r  Creek (Dempster Highway Mile 107). 

s p r i n g s  were obse:rved t o  f low on a year round basis  and showed small v a r i a t i o n s  

i n  water t e m p e r a t u r e  (+4" t o  +BOG) and water q u a l i t y .  

P l a t e  14 a w h i t e  and  ye l low p r e c i p i t a t e ,  t h o u g h t  t o  be ca l c ium s u l p h a t e  and 

s u l p h u r ,  formed i n ~ n e d i a t e l y  upon s u r f a c e  c o n t a c t .  
would s u g g e s t  t h a t  SiJlphUr i s  o x i d i z e d  t o  s u l p h a t e  and i n  t h e  p r o c e s s  H2S g a s  

is  released. 
was obse rved  bu t  t h i : s  needs  f u r t h e r  v e r i f i c a t i o n .  I t  was a l s o  no ted  t h a t  t h e  

p r e c i p i t a t e  i s  more iyellow d u r i n g  t h e  w i n t e r  and more wh i t e  d u r i n g  t h e  summer 

These  

As c a n  be s e e n  from 

The obse rved  smell o f  H2S 

Evidence  t h a t  bacteria p a r t i c i p a t e  i n  t h i s  o x i d a t i o n  p r o c e s s  
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Engineer Creek (Based on GSC Survey) 

F i q u r e  37. pH dis tr ibut ion i n  Engineer Creek - 
8 K m  

Scale 

0 4 

pH of Stream Water 

2.9-39 a 7.5-7.7 
7.8-85 

(Based on work by 
Goodfellow and 
Jonasson 1976) 
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Plsta 16. cmtsct htuecm m, 
irm rtrsr woes and 
high U h u r  spring mter 
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Acid  d r a i n a g e  was obse rved  on a small t r i b u t a r y  below s t a t i o n  #15 d u r i n g  
b o t h  t h e  J u n e  (pH 4.0) and August  (pH 2.8) sampl ing  p e r i o d s .  The t r i b u t a r y  

d r a i n s  a ser ies  o f  b l a c k  s h a l e  d e p o s i t s  which were i d e n t i f i e d  as  p a r t  o f  t h e  
Road R i v e r  f o r m a t i o n  and  which were found t o  be h i g h l y  m i n e r a l i z e d  by Goodfellow 

e t  a1 (1976). 

Eng inee r  Creek as can  r e a d i l y  be  s e e n  i n  P l a t e s  17 and 121. 
h i g h l y  a c i d  d r a i n a g e  i n t e r a c t s  w i t h  t h e  a l k a l i n e  stream water c a u s i n g  a w h i t e  

p r e c i p i t a t e  which fo rms  a plume v i s i b l e  f o r  s e v e r a l  k i l o m e t e r s  downstream 

( P l a t e  18). 
and below t h e  c o n t a c t  zone a s  well a s  i n  t h e  t r i b u t a r y  d u r i n g  t h e  August  

s ampl ing  p e r i o d  and t h e  r e s u l t s  o f  t h i s  a n a l y s i s  are  p r e s e n t e d  i n  F i g u r e  38. 

The t r i b u t a r y  d r a i n a g e  p ro found ly  a f fec ts  water q u a l i t y  i n  

T h e  r e d  c o l o r e d  

Water q u a l i t y  c o n d i t i o n s  were examined i n  t h e  main stream above  

The data i n d i c a t e  t h a t  c o n c e n t r a t i o n s  and  pH are d r a s t i c a l l y  a l t e r e d  j u s t  
below t h e  t r i b u t a r y  c o n f l u e n c e  b u t  g r a d u a l l y  r e t u r n  t o  t h o s e  c o n d i t i o n s  found 

above t h e  a c i d  inf:Low. 

o b s e r v a t i o n  which :is p a r t l y  conf i rmed  by t h e  fac t  t h a t  Ca v a l u e s ,  i n  c o n t r a s t  

t o  a l l  o t h e r  p a r a m e t e r s ,  do n o t  s u b s t a n t i a l l y  i n c r e a s e  below t h e  a c i d  i n f l o w  

d e s p i t e  c o n s i d e r a b l e  i n p u t  from t h e  t r i b u t a r y .  The most d r a m a t i c  change  was 
no ted  f o r  i r o n  which was s u b j e c t  t o  a n  i n c r e a s e  by a f a c t o r  o f  a b o u t  three 

o r d e r s  o f  magni tude.  

The w h i t e  p r e c i p i t a t e  i s  though t  t o  be CaSC4, a n  

Again t h i s  i n c r e a s e  was a t t r i b u t e d  t o  t h e  s u b s t a n t i a l l y  
h i g h e r  s o l u b i l l t y  : r a t e  o f  i r o n  unde r  a c i d  c o n d i t i o n s .  

c o u l d  n o t  be rneasured f o r  an  a n a l y s i s  o f  mass ba lance .  
U n f o r t u n a t e l y  f l o w  ra tes  

I n s t e a d  a small ex- 

per imen t  was per formed i n  which t h e  s o u r c e  r o c k  and  i t s  

metal c o n t r i b u t i o n  t o  t h e  stream were examined. 

Black s h a l e  d e p o s i t s  i n  t h e  area were found t o  be 

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

i o s s i b l e  s a l t  and  

i i g h l y  f o l d e d  and 

Jea the r ing .  The b l a c k  

s h a l e  c o n s i s t e d  o f  a ser ies  o f  b e d s  o f  h i g h l y  v a r i a b l e  t h i c k n e s s .  
c o n t e n t  i n  t h e  sha le  f o r m a t i o n  i s  c o n s i d e r a b l e  and  i s  more e v i d e n t  a l o n g  cracks, 

bedding  p l a n e s  and f r a c t u r e  l i n e s  where s a l t '  c r u s t s  have formed p robab ly  a s  

a r e s u l t  o f  e v a p o r a t i o n  and r e c r y s t a l i z a t i o n  ( P l a t e  19). 

The s a l t  
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F i g u r e  38. Effect of  a c i d  d r a i n a g e  on water q u a l i t y  i n  Eng inee r  Creek. 

Eng inee r  Creek s t a t i o n  #15 

Eng inee r  Creek (100 m above a c i d  
d r a i n a g e  c o n f l u e n c e  sample #307) 

Acid  t r i b u t a r y  sample #306 

Eng inee r  Creek 000 m below a c i d  
c o n f l u e n c e  sample #308) 

Eng inee r  Creek (10 krn downstream a t  
O g i l v i e  R i v e r  c o n f l u e n c e  S t a t i o n  #6) 

Specific pmho/cm 
Conductance 

F 

T h e  s a l t  c r u s t s  found i n  t h e  bedrock ,  shown i n  P l a t e  19, were t h o u g h t  

t o  be  t h e  s o u r c e  o f  t h e  h igh  n u t r i e n t s ,  s a l t  and metal v a l u e s  i n  t h e  water o f  

Enginee r  Creek .  

Malachite and A z u r i t e ,  e l e m e n t a l  su lphur ,  and i r o n  s u l f i d e s  and o x i d e s  were 

p o s i t i v e l y  i d e n t i f i e d  i n  t h e  s a l t  matrix on t h e  basis o f  appea rance ,  c o l o r  

Gypsurn (CaS04), Calcite (CaC03), Copper c a r b o n a t e s ,  such  as  

and c r y s t a l l i n e  s t r u c t u r e .  
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S i x  shale samples  w i t h  v a r i o u s  t y p e s  o f  s a l t  d e p o s i t s  were c o l l e c t e d  

and s e p a r a t e  e x t r a c t i o n s  were per formed w i t h  d i s t i l l e d  water and 0.1N HC1 

s o l u t i o n s .  The rock f r agmen t s  were e x t r a c t e d  w i t h o u t  i n i t i a l l y  c r u s h i n g  the  

rock  so  as  t o  emphasize e x t r a c t i o n s  o f  material p r e s e n t  a s  s u r f a c e  c o a t i n g s .  

The e x t r a c t i o n s  were made o v e r  a 24-hour p e r i o d  and  a n a l y z e d  i n  t h e  Water 
Q u a l i t y  Labora to ry ,  The  r e s u l t s  compiled i n  T a b l e  8 i n d i c a t e  t h a t  Ca, Mg 

and SO4 were t h e  moat common components o f  t h e  sa l t s .  When t h e  water and 

acid e x t r a c t i o n s  were compared i t  was found t h a t  c o n c e n t r a t i o n s  drast ical ly  
i n c r e a s e d  w i t h  a c i d  e x t r a c t i o n s ,  p a r t i c u l a r l y  f o r  such metals as Fe,  Cu,  

Mn and  Zn f o r  which i n c r e a s e s  o f  between one  and  three o r d e r s  o f  magni tude  

were observed .  

a c i d  e x t r a c t i o n  was between two and three o r d e r s  o f  magni tude t h u s  c l o s e l y  

r e sembl ing  t h e  n a t u r a l  c o n d i t i o n s  obse rved  i n  t h e  acid d r a i n a g e  s i t u a t i o n  
descr ibed  above. 

The d i f f e r e n c e  i n  i r o n  c o n c e n t r a t i o n s  between t h e  water and 

T a b l e  8, R e s u l t s  o f  Black S h a l e  Rock E x t r a c t i o n s  

srameters 

c u  
Fe 
P b  
Mn 
Zn 

Ca 

M9 

n 
Na 

S i  

e1 

s04 

N03 

Water E x t r a c t i o n  
g/1/1[30 g r  o f  s h a l e  

0,,02 - 0.05 

0,,05 - 0.6 

0.,05 - 0.3 

0.01 - 0.08 

0..07 - 1.08 
55 - 1120 

0.2 - 108 
0.6 - 6.4 

0.2 - 4.8 

0.2 - 7.4 

0.4 - 1.4 

1'76 - 3350 

0.04 - 0.51 

- 

1.1N HC1 E x t r a c t i o n  
ng/1/100gr o f  shale 

0.54 - 8.7 

170 - 760 

0.05 - 0.98 

0.08 - 11.0 
0.4 - 60 

67 - 5800 

1.4 - 290 

2.0 - 12.8 
12.4 - 25.2 

5.5 - 530 

extr .  i n t e r f e r e d  
w i t h  t e s t  
468 - 9500 

extr.  i n t e r f e r e d  
w i t h  t e s t  

Minimum 
3 i f f e r e n c e s  Betweer 

Water and Acid 
, E x t r a c t i o n  

1 - 2 magni tudes  

2 - 3 magni tudes  

0 - 3 times 
0 - 2 magni tudes  

1 magni tude  
0 - 5 times 

2 - 7 times 
2 - 3 times 
5 - 60 times 
1 - 2 magni tudes  

2 - 3 times 
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These  r e s u l t s  s t r o n g l y  s u g g e s t  t h a t  t h e  b l a c k  s h a l e  f o r m a t i o n s  are  a 

major  s o u r c e  o f  s a l i s ,  metals and n u t r i e n t s  and  p ro found ly  i n f l u e n c e  water 

q u a l i t y  c o n d i t i o n s  i n  t h e  area. 

su rvey  conducted  by t h e  G e o l o g i c a l  Survey o f  Canada i n  1975 and 1976 r e v e a l e d  

t h a t  water a n a l y z e d  from t h e  same d e p o s i t s  produced  h igh  v a l u e s  f o r  f l u o r i d e ,  

uranium, c h l o r i n e ,  molybdenum, manganese, i r o n ,  z i n c ,  s u l p h a t e  and phosphorus.  

A number o f  t h e s e  p a r a m e t e r s  were a l s o  a n a l y z e d  i n  t h e  p r e s e n t  s t u d y ;  t h e  

s e a s o n a l  d i s t r i b u t i c i n s f l f t h e  more i m p o r t a n t  p a r a m e t e r s  are g i v e n  i n  F i g u r e  39. 

I t  shou ld  be mentioned t h a t  t h e  geochemica l  

The stream c o n c e n t r a t i o n s  seem t o  be s u b j e c t  t o  t h e  e x p e c t e d  s e a s o n a l  

f l u c t u a t i o n s  w h i l e  t h e  s p r i n g  water produced d a t a  which were r e l a t i v e l y  

homogeneous. 

are p r o b a b l y  relatecl t o  t h e  p r e s e n c e  o f  a p a t i t e  i n  t h e  s h a l e  f o r m a t i o n ,  a s  
s u g g e s t e d  by Jonasscin and  Goodfellow (1976). 

Unusua l ly  h i g h  phosphorus  v a l u e s  were obse rved  i n  t h e  c r e e k  and  

I n  summary it a p p e a r s  t h a t  t h e  b l ack  shale  f o r m a t i o n  i n  Eng inee r  C r e e k  

is  a s u b s t a n t i a l  source o f  s a l t s ,  n u t r i e n t s  and  metals, which a f t e r  a number 

of  p r o c e s s e s  end up i n  t h e  stream sys t em a t  g e n e r a l l y  h i g h  c o n c e n t r a t i o n  

l e v e l s .  Some o f  thEi more i m p o r t a n t  p r o c e s s e s  i n c l u d e :  

(1) D e p o s i t i o n  o f  s u l p h u r  and  CaS04 a t  a series o f  s p r i n g s  due t o  

o x i d a t i o n  and  EO2 release. 

(2) P r e c i p i t a t i o n  o f  i r o n  i n  t h e  form o f  s i d e r i t e  a s  a r e s u l t  o f  

c o n t a c t  Lh th  h i g h  c a r b o n i t i c ,  h i g h  a l k a l i n e  water. I n  t h e  process 

a r e d  s t a i n  i s  deve loped  which i s  v i s i b l e  t h r o u g h o u t  a major  

p o r t i o n  o f  Eng inee r  Creek. 

Acid water is produced th rough  t h e  o x i d a t i o n  p r o c e s s  o f  p y r i t e  
and d i s s o l v e s  h igh  q u a n t i t i e s  o f  Fe  and SO4. 

c i p i t a t e s  i n  t h e  form of CaS@,+ on c o n t a c t  w i t h  t h e  main stream 
water, which is  h i g h l y  a l k a l i n e ,  and  q u i c k l y  n e u t r a l i z e s  t h e  a c i d .  

( 3 )  
The s u l p h a t e  p r e -  

I 
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E. Groundwater C o n d i t i o n s  

The impor tance  of  groundwater  and t h e  p o t e n t i a l  c o n t r i b u t i o n s  it can  
make t o  t h e  f low reg ime d i f f e r  c o n s i d e r a b l y  between t h e  O g i l v i e  and S w i f t  

R ive r s .  
water s p r i n g s ,  snowrrielt, and summer p r e c i p i t a t i o n .  The  f l o w  i s  r e g u l a t e d  

by a se r ies  of  h igh  mountain lakes ,  and no ev idence  o f  groundwater  s eepage  
was obse rved  i n  t h e  downstream p o r t i o n  of  t h e  River .  

l i m i t e d  t o  q u a t e r n a r y  d e p o s i t s  a l o n g  t h e  main channe l  and no i c i n g s  were 

obse rved  d u r i n g  t h e  w i n t e r  t o  s u g g e s t  t h a t  s u b s t a n t i a l  g roundwater  f l u c t u a -  

t i o n s  o c c u r  i n  t h e  m i d d l e  s e c t i o n  of  t he  stream. 

The  water w p p l y  i n  t h e  S w i f t  R i v e r  i s  main ly  c o n t r o l l e d  by head- 

P o s s i b l e  a q u i f e r s  are 

The O g i l v i e  R i v e r ,  i n  c o n t r a s t ,  i s  g r e a t l y  i n f l u e n c e d  by groundwater  

i n  numerous p o r t i o n s  o f  t h e  b a s i n ,  and  t h e  p r o p o r t i o n a l  c o n t r i b u t i o n  of  
groundwater  t o  t h e  Eitream flow is  s u b s t a n t i a l  a t  specif ic  times of  t h e  year. 

Groundwater s u b s t a n t , i a l l y  i n f l u e n c e s  water q u a l i t y  and ice c o n d i t i o n s ,  and  

t o  g a i n  a bet ter  unde r s t and ing  of t h e  p r o c e s s e s  invo lved  a de ta i led  d i s c u s s i o n  

o f  t h e  O g i l v i e  s i t u a t i o n  is  p r o v i d e d  below. 

1) G e o l o q i c a l C o n t r o l s  o f  Groundwater Flow 

U n f o r t u n a t e l y  no basic g e o l o g i c a l  su rvey  data was a v a i l a b l e  f o r  t h e  

s t u d y  area. The i n f o r m a t i o n  p rov ided  below is t h e r e f o r e  based on (1) f i e l d  

and a i r  pho to  a n a l y s i s ,  (2) p u b l i s h e d  g e o l o g i c a l  i n f o r m a t i o n  on ne ighbor ing  
areas, and (3 )  i n f o r m a t i o n  from g e n e r a l  r e c o n n a i s s a n c e  and  r e g i o n a l  su rveys .  

T h i s  i n f o r m a t i o n  is  t h e r e f o r e  incomple t e  and w i l l  be modi f i ed  a s  soon a s  more 
detai led g e o l o g i c a l  i n f o r m a t i o n  becomes a v a i l a b l e .  

w i n t e r  o b s e r v a t i o n s  were made which  can  be used t o  h i g h l i g h t  groundwater  

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

N e v e r t h e l e s s ,  i m p o r t a n t  

The O g i l v i e  b a s i n  is  made up of  a series of  l i m e s t o n e + s h a l e  beds which 
have undergone i n t e n s i v e  u p l i f t  and  f o l d i n g .  
t h i s  p r o c e s s  is p r o v i d e d  i n  F i g u r e  40. During o r  a f t e r  t h e  u p l i f t  t h e  O g i l v i e  

R i v e r  h a s  c u t  a c r o s s  t h e  basic a n t i c l i n a l  s t r u c t u r e ,  a p r o c e s s  which was aided 

A schematic r e p r e s e n t a t i o n  o f  
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PLItta IEl. Expolled limestone structure in the ugIlvle River a 8?t ststion #3 
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F i g u r e  40. O r i g i n a l  u p l i f t  and  f o l d i n g  o f  l i m e s t o n e  d e p o s i t s  

F i g u r e  41. Schemat i c  r e p r e s e n t a t i o n  o f  g e o l o g i c a l  c o n d i t i o n s  i n  
t h e  O g i l v i e  b a s i n  

O G I L V I E  R I V E R  

S t a t i o n  #3 S t a t i o n  #14 S t a t i o n  #6 

Open water 

4 Ice  
i c i n g s  

4 

4 O p e 7  water 

Open water 

1 I c i n g s  1 Minor i c i n g s  

- ----- 
Dipping  l imes tone ’  f o r m a t i o n s  

PL 
F i g u r e  42. I d e a l i z e d  stream f l o w  p a t t e r n  d u r i n g  w i n t e r .  
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t h e  w i n t e r .  

i n  these  f o r m a t i o n s  f l o w s  i n  t h e  d i r e c t i o n  o f  t h e  bedding  p l a n e .  

t h o s e  s e c t i o n s  i n  t h e  r i v e r  where open water c o n d i t i o n s  were found dur inr j  

t h e  December and March sampl ing  p e r i o d s .  
f l ow under  w i n t e r  c o n d i t i o n s  i s  p r e s e n t e d  i n  F i g u r e  42 and  i n d i c a t e s  t h a t  

a s u b s t a n t i a l  amount o f  stream water f l o w s  a s  groundwater  p robab ly  below 

t h e  r i v e r  bed. When t h a t  water reaches one of t h e  bedrock s t r u c t u r e s  it is 

e i t h e r  f o r c e d  upwards o r  downwards from t h e  s t r u c t u r a l  p l ane .  Wherever i t  
i s  f o r c e d  up open water c o n d i t i o n s  o c c u r r e d ,  a n  example o f  which u a s  shown 

ear l ie r  i n  P l a t e  4 .  
s e r v e d  which r e s u l t e d  from o v e r f l o w s  o r  water build-up. 

) 2 meters was common and  sampl ing  a t  t h e s e  p l a c e s  was t h e r e f o r e  i m p o s s i b l e .  

Three,  of a t o t a l  o f  F i v e ,  open water s e c t i o n s  were found t o  o p e r a t e  under  

t h e  d e s c r i b e d  c o n d i t i i m s .  The r ema in ing  two were t h e  r e s u l t  o f  s p r i n g  water 
release i n  t r i b u t a r i e s  a t  c lose  p r o x i m i t y  t o  t h e  main channe l .  

Many of t h e  l i m e s t o n e  bands  act  a s  a q u i f e r s  and t h e  groundwater  

I t  i s  a t  

T h e  p o s s i b l e  sequence  o f  water 

Immediately below such  open s e c t i o n s  i c i n g s  were ob- 

Ice  t h i c k n e s s  of 

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

F i g u r e  42 was f u r t h e r  s t r e n g t h e n e d  by t h e  f ac t  t h a t  l i t t l e  water f l o w  c o u l d  
be detected i n  t h e  main c h a n n e l  above  two open water s e c t i o n s .  Given t h e  

numerous bedrock e x p o s u r e s  i n  t h e  c h a n n e l s  it i s  u n l i k e l y  t h a t  t h e  ground- 

water f l o w  reg ime o p e r a t e s  as  a c o n t i n u o u s  system th roughou t  t h e  bas in .  

Evidence  o f  t h i s  w i l l  be p rov ided  from a n  a n a l y s i s  o f  t h e  groundwater  q u a l i t y  
d i s c u s s e d  below. 

2)  The Use of Water Q u a l i t y  i n  Groundwater S t u d i e s  

G e n e r a l l y  groundwater  i s  less s u b j e c t  t o  v a r i a t i o n s  i n  q u a l i t y  t h a n  

stream water. The l a t t e r ,  be ing  a m i x t u r e  o f  groundwater ,  snow melt, s u r f a c e  
run-of f  and  p r e c i p i t a t i o n ,  i s  s u b j e c t  t o  p r o p o r t i o n a l  changes  from any o f  

these s o u r c e s ,  a p r o c e s s  which i s  c o n t i n u o u s  t h r o u g h o u t  t h e  year. I n  order  
t o  d i f f e r e n t i a t e  tietween groundwater  s o u r c e s  and stream water s e a s o n a l  

sampl ing  is n e c e s s a r y .  Two sampl ing  s t a t i o n s  (#14 and #16) l o c a t e d  i n  c l o s e  

p r o x i m i t y  t o  t h e  main stream were found t o  be i n  groundwater  d i s c h a r g e  areas 
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The water q u a l i t y  o f  t h e s e  two s t a t i o n s  was mon i to red  from March u n t i l  

August and  a compar ison  was made between t h o s e  two s t a t i o n s  and  s t a t i o n s  

#3 and ##4 on t h e  main stream, immedia te ly  below t h e  two groundwater  i n f l o w  
areas, 

43 and 44 and shoim t h a t  groundwater  q u a l i t y  is  f a i r l y  c o n s t a n t  w h i l e  

A cornparison between t h e  two s e t s  o f  s t a t i o n s  i s  g i v e n  i n  F i g u r e s  

stream water q u a l i t y  v a r i e s  g r e a t l y  th roughou t  t h e  year. The g r e a t e s t  

c o n t r a s t  between t h e  two s o u r c e s  was obse rved  d u r i n g  s p r i n g  run-of f ,when 

t h e  p r o p o r t i o n a l  c o n t r i b u t i o n  o f  s p r i n g  snowmelt and s u r f a c e  run-of f  f a r  

outweigh  t h e  groundwater  c o n t r i b u t i o n  . 
t h e  l a r g e s t  chemica l  c o n t r a s t  between groundwater  and stream water was 

I t  i s  d u r i n g  t h o s e  p e r i o d s  t h a t  

observed .  

Groundwater i s  t h e  dominant source of r u n n i n g  water d u r i n g  t h e  w i n t e r ,  
and  d i f f e r e n t  source!j c a n  b e s t  h e  c o n t r a s t e d  on tile b a s i s  of a s p a t i a l  a n a l y s i s  
o f  water i n  l a t e  w i n t e r .  To d e m o n s t r a t e  t h i s  f ac t  water q u a l i t y  c o n d i t i o n s  

f o r  t h e  whole w a t e r s h e d  were compared i n  F i g u r e s  45 and 46. 

a r r a n g e d  i n  a downstream sequence  so  t h a t  t h e  c o n c e n t r a t i o n s  found a t  each 

s t a t i o n s  c o u l d  r e a d i l y  be compared. 

is  known f o r  i ts larige c o n t r i b u t i o n  o f  s a l t s  and  is I n c l u d e d  i n  t h i s  a n a l y s i s  
s i n c e  i t  p robab ly  a f fec ts  t h e  main stream a t  d i f f e r e n t  times o f  t h e  year. 

Ca, Mg, S i ,  S O 4 ,  PJa and  C1 c o n c e n t r a t i o n s  do n o t  g r e a t l y  d i f f e r  from s t a t i o n  

t o  s t a t i o n  i n  t h e  main stream i n  May and June .  I n  t h e  f a l l  and  p a r t i c u l a r l y  
d u r i n g  t h e  l a t e  w i n t e r  t h e  s i t u a t i o n  i s  c o n s i d e r a b l y  d i f f e r e n t .  

q u a l i t y  c o n d i t i o n s  i n  s t a t i o n s  2 and  3 are  d r a s t i c a l l y  d i f f e r e n t  from t h o s e  

i n  t h e  ups t ream p o r t i o n  s u g g e s t i n g  t h a t  groundwater  release i n  t h i s  area i s  

r e s p o n s i b l e  f o r  t h e  d i f f e r e n c e .  
a groundwater  d i x h a r g e  area because  o f  t h e  g e o l o g i c a l  s t r u c t u r e  ( P l a t e  20). 

The s t a t i o n s  were 

As d i s c u s s e d  p r e v i o u s l y  Eng inee r  Creek 

T h e  water 

S t a t i o n  #3 h a s  p r e v i o u s l y  been i d e n t i f i e d  a s  

A t  t h e  c o n f l u e n c e  o f  Eng inee r  Creek a d i f f e r e n t  s i t u a t i o n  e x i s t s .  I o n  

c o n c e n t r a t i o n s  i n  s t a t i o n s  #8,  6 and 11 are  v e r y  s i m i l a r ;  i n  some i n s t a n c e s  
t h o s e  i n  Eng inee r  Creek are  s l i g h t l y  lower  t h a n  t h o s e  i n  t h e  O g i l v i e  R i v e r  

above and  below t h e  conf luence .  

g roundwater  c o n t i * o l s  water c o n d i t i o n s  i n  t h a t  s e c t i o n  o f  t h e  stream d u r i n g  t h e  

w i n t e r .  

T h i s  would s u g g e s t  t h a t  t h e  same t y p e  o f  
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stream water i n  O g i l v i e  R ive r .  
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F i g u r e  45 .  A s p a t i a l  a n a l y s i s  o f  water q u a l i t y  t o  i d e n t i f y  groundwater  s o u r c e s  
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F i g u r e  46. A s p a t i a l  a n a l y s i s  of water q u a l i t y  t o  i d e n t i f y  groundwater  s o u r c e s  
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STATIONS 

S t a t i o n  #3 

S t a t i o n  fJ6 

S t a t i o n  #14 
S t a t i o n  ff15 

S t a t i o n  #13 

- 64 - 

PAR AM ET E R S 
S p e c i f i c  

pH Conduct- Ca 14 9 Na S i  so4 c1 
ance  mg/l mg/ l  mg/l  mg/l  mg/l mg/ l  - 

8.0 355 55 12 2.4 2.0 35 1.6 
o., 1 560 75 22 1i.a 3.7 90 11.8 

8.0 456 64 16 7.4 3.6 62 4.5 

7 D 7 709 97 38 15.4 5.1 147 19.0 

7.6 1800 85 124.0 11.0 350 150.0 
152 I 

T h e  t h i r d  s e c t i o n  o f  open water was found i n  Eng inee r  Creek a t  s t a t i o n  

The  s t a t i o n  e x h i b i t s  ve ry  h i g h  s a l t  c o n c e n t r a t i o n s  t h r o u g h o u t  t h e  year. $15. 

Water from t h a t  s o u r c e  i n f l u e n c e s  c o n c e n t r a t i o n s  downstream p a r t i c u l a r l y  a t  

t h e  G g i l v i e  R i v e r  c o n f l u e n c e ,  where much h i g h e r  s a l t  c u n c e n t r a t i o n s  a rc  round 

th roughou t  t h e  s p r i n g ,  summer and f a l l .  Dur ing  t h e  w i n t e r  l i t t l e  water from 

t h i s  m i n e r a l i z e d  a r e a  seems t o  r e a c h  t h e  O g i l v i e  a s  can  be s e e n  i n  F i g u r e s  

45 and 46. 

Creek were found t o  be f r o z e n  t o  t h e  s t reambed w i t h  no e v i d e n c e  of water f low.  
T h i s  is f u r t h e r  conf i rmed by t h e  fac t  t h a t  s e c t i o n s  on Eng inee r  

On t h e  b a s i s  of t h i s  w i n t e r  water c h e m i s t r y  it a p p e a r s  t h a t  a t  l e a s t  

t h r e e  t y p e s  of g r o m d w a t e r  c o n d i t i o n s  dominate  t h e  open water s e c t i o n s  i n  t h e  
r i v e r  b a s i n .  

and t h e  s u l f u r  s p r i n g  i n  Eng inee r  Creek, s t a t i o n  i’f13) a l s o  showed c h a r a c t e r i s t i c  

water q u a l i t y  c o n d i t i o n s ,  a s  shown i n  T a b l e  9 where a l l  f i v e  groundwater  
s o u r c e s  are  compared. I t  t h e r e f o r e  a p p e a r s  t h a t  t h e  f l o w  w i t h i n  t h e  b a s i n  
i s  a t  l e a s t  i n  p a r t  d i s c o n t i n u o u s  d u r i n g  t h e  w i n t e r .  To f u r t h e r  a c c e n t u a t e  

t h i s  fac t  F i g u r e  47 compares  t h e  changes  i n  water q u a l i t y  between s t a t i o n s  k’ 
3 and 6 i n  t h e  main stream. F o r  most  o f  t h e  year c o n d i t i o n s  a re  similar b u t  

d u r i n g  w i n t e r  a drast ic  change o c c u r s  i n  which i o n  c o n c e n t r a t i o n s  g e n e r a l l y  

i n c r e a s e  i n  s t a t i o n  ff6 w h i l e  t h e y  d e c r e a s e  i n  s t a t i o n  ff3. 

t h a t  t h e  water q u a l i t y  o f  t h e  two a q u i f e r s  is  d i f f e r e n t ,  and  t h e r e  i s  l i t t l e  

e v i d e n c e  t o  i n d i c a t e  t h a t  t h e  two are  in t e r - connec ted .  

The two o t h e r  water s o u r c e s  ( a  t r i b u t a r y  s p r i n g ,  s t a t i o n  i’#14, 

T h i s  would sugQes t  

Table 9. Clomparison o f  Water Q u a l i t y  between F i v e  D i f f e r e n t  
Ci r o  undwa t er S o u r c e s  
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3) Summary o f  Graundwater C o n d i t i o n s  

Groundwater s t o r e d  i n  t h e  l i m e s t o n e  a q u i f e r s  i n  t h e  O g i l v i e  R a s i n  i s  

f o r c e d  t c  f l o w  a l o n g  t h e  t i l t e d  bedding  p l a n e  and emerges t o  t h e  s u r f a c e  a t  
p l a c e s  where t h e  t e d r o c k  f o r m a t i o n  c r o s s e s  t h e  r i v e r .  

open water was found i n  t h e  w i n t e r  and  ove r f low water from t h a t  s o u r c e  was 
r e s p o n s i b l e  f u r  t h e  bui ld-up  o f  i c i n g s  downstream. S e a s o n a l  water q u a l i t y  

d a t a  were used  t o  i d e n t i f y  groundwater  sources and a s p a t i a l  a n a l y s i s  of 

water q u a l i t y  d u r i n g  t h e  w i n t e r  r e v e a l e d  t h a t  a t  l ea s t  f i v e  d i f f e r e n t  
groundwater  s u u r c E s  e x i s t  and t h a t  t h e  stream f l o w  under ice is  a t  l eas t  i n  

p a r t  d i  sc o n t i n  uo u 5. 

I n  t h e s e  s e c t i o n s  



- a7 - 
I 
I 
I 

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

F. Sediment Reqime - 
An a t t e m p t  W i 3 S  made t o  mon i to r  c o n t i n u o u s l y  t h e  sed imen t  c o n d i t i o n s  o f  

t h e  S w i f t  and O g i l v i e  R i v e r s  between t h e  time o f  ice  break-up and  l a t e  summer, 

1978. 

d e s p i t e  s e v e r a l  f u t i l e  e f f o r t s  m o n i t o r i n g  was n o t  p o s s i b l e  on t h e  S w i f t  R ive r .  

The sed imen t  r e c o r d  on t h i s  r i v e r  i s  t h e r e f o r e  l i m i t e d  t o  t h e  s i x  times t h a t  

water q u a l i t y  was sampled d u r i n g  t h e  s t u d y  y e a r .  The O g i l v i e  R i v e r  o p e r a t i o n s  
were more s u c c e s s f u l  i3nd t h e  r e s u l t s  o b t a i n e d  are p r e s e n t e d  below. 

Access t o  powe:c supp ly  was a major prohlem i n  these  remote  areas and  

1) D e s c r i p t i o n  o f  N o n i t o r i n g  Proqram 

A Keene C o r p o r a t i o n  Ltd. t u r b i d i t y  meter (Plodel 861 6 )  was se t  up n e x t  
t o  t h e  Dempster Highway (IYile 123) camp and r i v e r  water was i n t r o d u c e d  i n t o  
t h e  t u r b i d i t y  meter from a s t a t i o n a r y  pump anchored i n  t h e  g r a v e l l y  r i v e r  

bottom a b o u t  10 meters f rom t h e  n o r t h  bank of t h e  C g i l v i e  R ive r .  A s p e c i a l  
timer u n i t  des igned  by P e t e r  S t r i l a e f f  a l lowed  f o r  a r e c o r d i n g  o f  t u r b i d i t y ,  

c a l i b r a t i o n  and  x ! r o  i n s t r u m e n t  l i g h t  t r a n s m i s s i o n .  

t o  be a measure  of' how c l e a n  t h e  t r a n s m i s s i o n  windows were a t  any time d u r i n g  

t h e  o p e r a t i o n .  

s e c t i o n s  each o f  t u r b i d i t y ,  c a l i b r a t i o n ,  and  zero i n s t r u m e n t  t r a n s m i s s i m .  
The i n s t r u m e n t  was sEIrviced by Graham Humphries o f  DPW who k i n d l y  a g r e e d  t o  

c o l l e c t  d a i l y  samples  a t  t h e  o u t f l o w  o f  the i n s t r u m e n t  f o r  subsequen t  s ed imen t  

a n a l y s i s  i n  t h e  l a b o r a t o r y .  

d a i l y  sed imen t  record were o b t a i n e d  f o r  t h e  p e r i o d  o f  May 24 t o  August lst,  1978. 

The l a t t e r  bras t h o u g h t  

With t h i s  se t -up  a n  h o u r l y  r e c o r d  c o n s i s t i n g  o f  15-minute 

I n  this way a c o n t i n u o u s  t u r b i d i t y  r e c o r d  and 

2) R e s u l t s  - o f  Exper imen t s  

Us ing  t h e  p r e l i m i n a r y  d i s c h a r g e  da ta  from t h e  Water Survey  of Canada, a 
comparison was made tietween t h e  t u r b i d i t y  r e c o r d  and  t h e  f l o w  rates.  
f o r  each two-hour in -ce rva l  formed t h e  b a s i s  u f  F i g u r e  48 from w h i c h  it i s  

e v i d e n t  t h a t  i n  a t  least two i n s t a n c e s  ( June  1-3 and  J u n e  13-19> a d i s t i n c t  

l a g  time was obse rved  be'iween i n c r e a s e s  i n  t u r b i d i t y  as  opposed t o  i n c r e a s e s  

i n  f l o w  rates. 

Data 

F u r t h e r  it was n o t e d  t h a t  a l t h o u g h  a r e l a t i o n s h i p  between f l o w  
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and t u r b i d i t y  e x i s t s  i t  is n o t  c o n s i s t e n t .  

c o r r e l a t i o n  c o e f f i c i e n t  o f  r = 0.501. 
T h i s  i s  conf i rmed by t h e  low 

T u r b i d i t y  i s  n o t  a direct  measure o f  t o t a l  n o n - f i l t e r a b l e  r e s i d u e s  

(Lobr ing  and Booth i975) and a r e l a t i o n s h i p  between t h e  two h a s  o n l y  been 

found i n  s p e c i a l  circi-lmstances. 

c o n d i t i o n s .  

between t u r b i d i t y  and t o t a l  n o n - f i l t e r a b l e  r e s i d u e .  

was found f o r  f i e l d  t u r b i d i t y  v e r s u s  t o t a l  r e s i d u e  ( r  = 0.107) o r  l a b o r a t o r y  

t u r b i d i t y  v e r s u s  t o t a l  n o n - f i l t e r a b l e  r e s i d u e s  (r = 0.205). F i e l d  t u r b i d i t y  

(JTU's) and l a b o r a t o r y  t u r b i d i t y  ( N T U ' S )  were s i g n i f i c a n t l y  c o r r e l a t e d  a t  
r = 0.983, t h u s  p a r t i a l l y  conf i rming  t h e  f i e l d  t u r b i d i t y  r e c o r d .  

I t  c e r t a i n l y  d i d  n o t  a p p l y  t o  t h e  O g i l v i e  

T h i s  i s  e v i d e n t  from a c o r r e l a t i o n / r e g r e s s i o n  a n a l y s i s  conduc ted  

No l i n e a r  c o r r e l a t i o n  

The d a i l y  v a r i a t i o n  i n  t o t a l  n o n - f i l t e r a b l e  r e s i d u e  i s  p rov ided  i n  
F i g u r e  49 and  covE!rs t h e  d a t a  o b t a i n e d  from t h e  l a b o r a t o r y  a n a l y s i s  o f  t h e  

samples .  

added t o  t h i s ' d i a g r a m  so  t h a t  t h e  two p a r a m e t e r s  can  r e a d i l y  be compared. 

Again t h e  sed imen t  l o a d ,  e x p r e s s e d  i n  terms o f  t o t a l  n o n - f i l t e r a b l e  

The f l o u  ra tes  measured a t  or  w i t h i n  t h e  hour  of  sampl ing  were a l s o  

r e s i d u e ,  a p p e a r s  l;o l a g  behind  t h e  f l o w  rate d u r i n g  t h r e e  o u t  o f  f o u r  peak 

f low p e r i o d s .  Because o f  t h e  d i f f e r e n t i a l  l a g  time between f l o w  ra tes  and  
sed iment  l o a d  a t  t l i f f ' e r en t  times o f  t h e  year, c o r r e l a t i o n  between t h e  two 

p a r a m e t e r s  is  pool? (I' = 0.147) and  t h u s  i t  is  n o t  p o s s i b l e  t o  p r e d i c t  t h e  
sed iment  reg ime on a re l iab le  basis. The t u r b i d i t y  and sed imen t  r e c o r d  

are p r o v i d e d  as a basic r e f e r e n c e  o f  c o n d i t i o n s  and  v a r i a b i l i t y  b u t  t h e  
data shou ld  be treated c a u t i o u s l y  p a r t i c u l a r l y  s i n c e  t h e  fou r -yea r  water 
su rvey  gauging  program produced f l o w  hydrographs  which show c o n s i d e r a b l e  
year by year v a r i a t i o n s .  

t h a t  t h e  t u r b i d i t y  and  sed iment  m o n i t o r i n g  program had t o  take p l a c e  a b o u t  
300 meters above t h e  gauging s t a t i o n  because  o f  t h e  need o f  a power supply .  

U n f o r t u n a t e l y  t h e  Eng inee r  Creek enters  t h e  13gi lv ie  R i v e r  between these  two 

s t a t i o n s ,  t h u s  i n f l u e n c i n g  t h e  f l o w  r e c o r d  b u t  n o t  t h e  t u r b i d i t y  and sed imen t  

mon i to r ing  program. 

F u r t h e r  complexi ty  i s  i n t r o d u c e d  by t h e  fac t  

T h i s  causes some s e r i o u s  d e f i c i e n c i e s  i n  t h e  c o m p a t i b i l i t y  
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o f  t h e  f l o w  versus sed imen t  data. 

r e c o r d s  d o p r o v i d e  base i n f o r m a t i o n  on sediment  c o n d i t i o n s  and  v a r i a b i l i t y  

over t h e  spr i 'ng  per iod ,  

N e v e r t h e l e s s  t h e  sed imen t  and  t u r b i d i t y  
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F i n a l l y  a n  examina t ion  o f  t h e  sed iment  composi t ion  was made by de te rmin ing  

t h e  i n o r g a n i c  and o r g a n i c  p o r t i o n  i n  each  sample. 

n o n - f i l t e r a b l e  p o ~ t i o n  o f  t h e  r e s i d u e  was found t o  be o r g a n i c .  An a lmos t  

i d e n t i c a l  v a l u e  (25%:1 was found f o r  t h e  a v e r a g e  o r g a n i c  p r o p o r t i o n  o f  t h e  

f i l t e r a b l e  r e s i d u e ,  t h e  v a r i a b i l i t y  o f  w h i c h  i s  p rov ided  i n  F i g u r e  50. I t  
shou ld  be no ted  t h a t  a l t h o u g h  t h e s e  two a v e r a g e  v a l u e s  are ve ry  close, t h e  

On t h e  a v e r a g e ,  24% o f  t h e  

day-to-day v a r i a b i l i t y  i n  composi t ion  was c o n s i d e r a b l y  g r e a t e r  f o r  t h e  non- 

f i l t e r a b l e  res idui?  (0-6496 v e r s u s  11-3€%). No t r e n d  was found t o  i n d i c a t e  

t h a t  t h e  o r g a n i c / i n o r g a n i c  p o r t i o n  changes  s i g n i f i c a n t l y  from break-up t o  

t h e  l a t e  summer f l o w  pe r iod .  

I n  summary it c a n  be s t a t e d  t h a t  no s i g n i f i c a n t  c o r r e l a t i o n s  were found 

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

t o t a l  n o n - f i l t e r a b l e  r e s i d u e s .  T u r b i d i t y  and suspended sediment  rates seem 
t o  l a g  behind  d i s c h a r g e  ra tes  i n  a number o f  cases b u t  t h e  data i s  n o t  suf- 

f i c i en t  t o  make a more q u a n t i t a t i v e  analysis. 
program, suspended  sed imen t  l o a d  v a r i e s  from < 1 mg/l t o  277 mg/l and on t h e  

a v e r a g e  76% o f  t h e  n o n - f i l t e r a b l e  r e s i d u e  was found t o  be i n o r g a n i c  material. 
F i n a l l y ,  t h e  sedi inent  a n a l y s i s  f o r  t h e  S w i f t  R i v e r  was l i m i t e d  t o  s i x  sampl ing  

p e r i o d s  s i n c e  a c o n t i n u o u s  r e c o r d i n g  cou ld  n o t  be ach ieved  due  t o  problems 

w i t h  power s u p p l i e s .  

i n  T a b l e  10 below. 

Eased on t h e  d a i l y  sampl ing  

The d a t a  on r e s i d u e s  i n  t h e  S w i f t  R i v e r  are summarized 

T a b l e  10. Sediment  Data f o r  S w i f t  R i v e r  B a s i n  

, t a t i o n  
# 

2 
3 
5 
7 
9 

10 
14  
15 

mean/ 
sample 
p e r i o d  

Oct. 8-10' 
197 '7 

2.4 
2 04 
1.0 
5.6 
1.6 

j 1.0 
1.0 
1.u 

2.c1 

- 

rJol 

Dec.11-15 
1977 

1.0 
2.0 
3.0 
2 .o 
3.0 
1.0 
1.0 
1.0 

1.7 

- f i l t e r ab le  Res idue  i n  n 

2.4 
1.2 
1.0 
2.0 
1.0 
1.0 
3.2 
1.6 

1.7 

5.2 
2.4 
2.4 
4.8 
8.0 
7.2 
3.2 
8.4 

5.2 

I/ 1 
J u n e  19-22 

1978 

3.0 
2.0 
2.0 
4.0 
4.0 
4.0 
1.0 
1.0 

2.6 

Aug. 5-7 
1978 

4.0 
6.0 
4 .o 
5.0 
5 .O 
6.0 
5.0 
1.0 

4.5 
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F i g u r e  50. D a i l y  v a r i a b i l i t y  i n  t o t a l  filterable r e s i d u e ,  O g i l v i e  R ive r .  
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V . SUMMARY OF FIrJDINGS RELEWAPJT TO PIPELINE RELATED ACTIVITIES 

~I 
A.  Winter  D e p l e t i o n  o f  Disso lved  Oxyqen C o n c e n t r a t i o n s  

S e v e r e  d i s s o l v e d  oxygen d e p r e s s i o n s  were found d u r i n g  t h e  w i n t e r  i n  

b o t h  s t u d y  b a s i n s .  The d e p r e s s i o n s  o c c u r r e d  i n  t h e  m a j o r i t y  o f  s t a t i o n s  

d e s p i t e  a g r e a t  v a r i e t y  o f  stream c o n d i t i o n s ,  and were most e x t e n s i v e  i n  

l a t e  w i n t e r  d u r i n q  maximum ice  c o v e r  a n d h i g h e s t  water q u a l i t y  concen t r a -  

t i o n s .  The present f i n d i n g s  are  i n  agreement  w i t h  r e s u l t s  o f  a s t u d y  i n  

Alaska p u b l i s h e d  b y  Eichallock and L o t s p e i c h  (1974) ,  and s u g g e s t  t h a t  d i s s o l v e d  
oxygen d e p r e s s i o n s  are  a widespread  phenomenon i n  these n o r t h e r n  areas. 

I 
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No d e f i n i t e  c o n c l u s i o n  c o u l d  be reached as  t o  what  f a c t o r s  de t e rmine  

t h e  d e p l e t i o n  p r o c e s s ,  and it is  recommended t h a t  a more d e t a i l e d  a n a l y s i s  
on t h i s  s u b j e c t  b e  i n i t i a t e d .  From t h e  p r e s e n t  s t u d y  i t  a p p e a r s  t h a t  i ce  

c o n d i t i o n s  are no-t t h e  on ly  c a u s e  o f  t h e  d e p r e s s i o n s  and t h a t  o t h e r  f a c t o r s  

such a s  channe l  c o n d i t i o n s ,  d i s c h a r g e  rates, groundwater  c o n t r i b u t i o n s ,  re- 
a e r a t i o n ,  p h o t o s y n t h e s i s ,  and r e s p i r a t i o n  a l l  c o n t r i b u t e  t o  t h e  p r o c e s s  by 

means o f  complex i n t e r a c t i o n s .  

s tretches o f  open water d u r i n g  t h e  w i n t e r  d o e s  n o t  n e c e s s a r i l y  produce  h i g h e r  

d i s s o l v e d  oxygen c o n c e n t r a t i o n s .  

oxygen and a e r a t i o n  c o n d i t i o n s  i n  t h e  a q u i f e r s  are  though t  t o  de t e rmine  oxygen 

c o n c e n t r a t i o n  under  such  c i r cums tances .  

Groundwater release which o f t e n  produces  

Groundwater is  g e n e r a l l y  low i n  d i s s o l v e d  

Some i n s i g h t  i n t o  t h e  effects  o f  DO-depressions on b i o l o g i c a l  a c t i v i t y  

w i l l  be p rov ided  i n  a r e p o r t  by Larry A l b r i g h t  who conducted  a b i o l o g i c a l  

p r o d u c t i v i t y  s t u d y  i n  c o n j u n c t i o n  w i t h  t h e  p r e s e n t  research. 
of  t h i s  s t u d y  i t  u i 1 1  be p o s s i b l e  t o  p a r t i a l l y  de t e rmine  how c r i t i c a l  such  
l a t e  w i n t e r  c o n d i t i o n s  are  and what  i m p l i c a t i o n s  t h e y  have w i t h  r e g a r d  t o  

t y p e s  o f  c o n s t r u c t i o n  a c t i v i t i e s  a n t i c i p a t e d .  A s  o f  now i t  is  clear t h a t  

oxygen stress is  g r e a t e s t  d u r i n g  l a t e  w i n t e r  imp ly ing  t h a t  a c t i v i t i e s  which 

l e a d  t o  a f u r t h e r  d e p l e t i o n  o f  oxygen shou ld  be avoided  d u r i n g  t h a t  p e r i o d .  

With t h e  r e s u l t s  
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B. Impor tance  o f  Groundwater Reqime t o  Water Q u a l i t y  

I t  was found t h a t  water f l o w s  th roughou t  t h e  w i n t e r  i n  bo th  s t u d y  b a s i n s ,  

b u t  t h e  groundwater  r eg imes  o f  t h e  two wa te r sheds  d i f f e r e d  drastically.  

t h e  S w i f t  R i v e r  headwater s p r i n g s  and water release from h i g h  mountain lakes 

c o n t r o l l e d  t h e  stream flow.  

q u a l i t y  t r e n d s  were c o n s i s t e n t  and s e a s o n a l  v a r i a t i o n s  were found t o  be less 
i m p o r t a n t  t h a n  s p a t i a l  v a r i a b i l i t i e s .  

I n  

Because of  t h i s  r e g u l a t e d  f l o w  s e a s o n a l  water 

I n  t h e  Og i lwie  R i v e r  diss imilar  groundwater  release was obse rved  i n  

a number o f  p l a c e s  a l o n g  t h e  stream network and t h i s  produced more complex 

water q u a l i t y  c o n d i t i o n s .  S e a s o n a l  t r e n d s  were less c o n s i s t e n t  and i n  t h e  
main stream seasorcal  v a r i a b i l i t y  was g e n e r a l l y  g r e , a t e r  t h a n  s p a t i a l  v a r i a b i l i t y ,  
The l a t t e r  c o n d i t i o n s  were produced by v a r i a t i o n s  i n  t h e  p r o p o r t i o n a l  c o n t r i -  
b u t i o n  of groundwater  d u r i n g  w i n t e r ,  s p r i n g  and summer. 
a q u i f e r s  e x e r t  a dominat ing  c o n t r o l  o v e r  c e r t a i n  s e c t i o n s  o f  t h e  r i v e r  d u r i n g  

t h e  w i n t e r .  
p r e c i p i t a t i o n  domi.nate t h e  f low.  

p e r m a f r o s t  envi ronment ,  d u r i n g  s p r i n g  and summer s u r f a c e  run-of f  i s  g r e a t l y  

i n c r e a s e d ,  t h u s  r e d u c i n g  t h e  c o n t a c t  time o f  t h e  water w i t h  t h e  ground, 

t e n d s  t o  produce  v e r y  s o f t  run-of f  water, i n  g r e a t  c o n t r a s t  t o  t h e  groundwater  

which is dominant d u r i n g  t h e  w i n t e r .  

Water from i n d i v i d u a l  

T h i s  i n f l u e n c e  i s  nega ted  d u r i n g  t h e  s p r i n g  when s n o m e l t  and  

Because t h e  O g i l v i e  R i v e r  b a s i n  is  i n  a 

T h i s  

Water q u a l i t y  a n a l y s e s  were found u s e f u l  i n  i d e n t i f y i n g  d i f f e r e n t  ground- 
water s o u r c e s ,  and  it i s  s u g g e s t e d  t h a t  water q u a l i t y  p a r a m e t e r s  be used  as  a 
t y p e  of "fingerpriLnti.ngI1 f o r  groundwater  i d e n t i f i c a t i o n  d u r i n g  win te r .  

d i f f e r e n t  s o u r c e  meas  were i d e n t i f i e d  by t h i s  method i n  t h e  O g i l v i e  b a s i n  

d u r i n g  t h e  w i n t e r  o f  1978 and t h e  r e s u l t i n g  d a t a  s t r o n g l y  s u g g e s t  t h a t  t h e  

stream f l o w  domini3tecl by groundwater  is d i s c o n t i n u o u s ,  a f i n d i n g  which might  
be o f  cons ide rab l l ?  r e l e v a n c e  i n  s i t e  s e l e c t f o n  f o r  p i p e l i n e  c r o s s i n g s .  

F i v e  
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T h e  Impor t ance  - of Geoloqy i n  Water Q u a l i t y  S t u d i e s  

Bedrock geology and  s t r u c t u r a l  geology were found t o  i n f l u e n c e  water 
q u a l i t y  c o n d i t i o n s .  

f o r  a l t e r i n g  water q u a l i t y  c o n d i t i o n s  i n  s e v e r a l  t r i b u t a r i e s  i n  t h e  S w i f t  

R i v e r  b a s i n  and a s p a t i a l  sampl ing  was u s e f u l  i n  i d e n t i f y i n g  t h e  b l ack  s h a l e  

f o r m a t i o n  i n  t h e  O g i l v i e  R i v e r  a s  a major  s o u r c e  o f  s a l t  and  metal found i n  

t h e  r i v e r  system. 

D i f f e r e n c e s  i n  t h e  bedrock  geology were r e s p o n s i b l e  

I n i t h i s  way major  p o i n t  and  non-point s o u r c e s  c o u l d  
readi ly  be i d e n t i f i e d .  

The groundwater  flow i n  t h e  O g i l v i e  R i v e r  was found t o  be  c o n t r o l l e d  

The  r i v e r  has c u t  t h rough  a by t h e  s t r u c t u r a l  a r rangement  of t h e  bedrock. 

series o f  f o l d e d  and  p a r t i a l l y  e r o d e d  a n t i c l i n a l  s t r u c t u r e s  and  i n  t h e  p r o c e s s  

a number o f  s h a r p l y  d i p p i n g  l i m e s t o n e  bands  are  exposed i n  s e v e r a l  p o r t i o n s  
of t h e  r i v e r  bed. T h e  l imestone f o r m a t i o n s  ac t  as aqu i f e r s ,  and  groundwater  
which i s  f o r c e d  tcr f l o w  a l o n g  t h e  s t r u c t u r a l  bedding  p l a n e  i s  e v e n t u a l l y  re- 

leased i n t o  t h e  r i v e r  a t  those p o i n t s  where t h e  s t r u c t u r e  c r o s s e s  t h e  r i v e r .  

Open water sectioris i n  t h e  w i n t e r  were found t o  c o i n c i d e  w i t h  these ground- 
water release areas i n  three o u t  o f  f o u r  cases and  i c i n g s  were found immedia te ly  

below t h e s e  open uater s e c t i o n s .  
i n  t h e  downstream d i r e c t i o n  and  f o r c e d  t h e  water t o  p e r i o d i c a l l y  o v e r f l o w  o r  
t o  f i n d  i ts  way i n t o  new a q u i f e r s .  

These i c i n g s  s i g n i f i c a n t l y  r educed  t h e  f l o w  

I t  s h o u l d  be  n o t e d  t h a t  such  p r o c e s s e s ,  a l t h o u g h  l i m i t e d  i n  s i ze  and  

o c c u r r e n c e ,  are of'  impor t ance  t o  p i p e l i n e  l o c a t i o n .  
however, because  t h e y  c a n  on ly  be obse rved  d u r i n g  t h e  l a t e  summer a f t e r  s p r i n g  
snow melt and  b e f o r e  f r e e z i n g ,  and  once  such  water i s  i n  c o n t a c t  w i t h  stream 
water t h e  acids  are r e a d i l y  n e u t r a l i z e d .  

They are e a s i l y  ove r looked  
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D. Acid lJateg and M a l  Gorrosiw, 

A momwhat unusual problem uas found i n  the Ogilvie baain ulwre a c i d  
conditions of the mter reachad pH 2.8 despite t h e  otherwise extenaive 
alkaline conditions. It is thought that the acid is produced as a result of 
pyr i t e  oxidation present i n  the black shale formations. 
s u l f u r i c  acid is produced MNch not only increases  metal so lub i l i t y  i n  water 
but a l s o  ac t a  as an effective corrosive agent. 
is provided i n  P l a t e  21 aherrs a aer iea  o f  cu lve r t s  are displayed after a 

one-year erxpoeure t o  w c h  conditions. 

I n  the process 

A good example o f  t h i s  process 

_I_... 

P l a t e  21. Corrosion o f  culverts after one year 
exposure t o  acid drainage 
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APPENDIX 2 

D e s c r i p t i o n  and  I l l u s t r a t i o n  o f  Sampling S i t e s  

I. 
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STATION DESCRIPTION 

SWIFT R I V E R  

--- S w i f t  R i v e r  ups t ream n e a r  headwa te r s  ( p a s s e d  P i n e  Lake z i r  s t r i p  
access r o a d )  ; 
4-5 m wide stream w i t h  p o o l s  up t o  40 cm deep ;  
Mountain stream w i t h  c o a r s e  g r a v e l  bed mos t ly  o f  i g n e o u s  and 
metamorphic r o c k s ;  
Samp1.ing s t a t i o n  20 m above  r o a d  c r o s s i n g  b e f o r e  r o a d  washout. 

S w i f t  R i v e r  t r i b u t a r y :  Smart R i v e r  
~ 2 0 C 1  m ups t ream o f  Alaska  Hwy B r i d g e  a t  bend west banks ;  
Sand, silt  and  some g r a v e l .  

T r i b u t a r y :  Loq.jam Creek 
w25CI m ups t ream from Hwy b r i d g e ,  channe1I-v 7 m wide; 
Samples t a k e n  4 m from west bank, c o a r s e  g r a v e l .  

Swan Lake: N-Central  s h o r e  
Small  c l e a r i n s  p r o v i d e s  access ~ 1 5 0  rn from road: 
--- 

- .  
Samples t a k e n  
B l a c k  r o c k s ,  v o l c a n i c  o r i g i n ,  s t e e p  d rop-o f f ,  clear water. 

10 m from Spruce  t ree  marker a t  d e p t h  o f  75 cm; 

T r i b u t a r y :  Screw Creek 
About 200 m ups t ream from Hwy b r i d g e ;  
ChannelfiJ 10 m wide; c o a r s e  g r a v e l ,  t rees  hanging  o v e r  c h a n n e l ;  
Sampling east bank 4 m. 

--' S w i f t  R i v e r  below McNaughton Conf luence ;  
S t r a i g h t  s t r e t c h  p a r a l l e l  t o  r o a d ,  s t e e p  banks ,  s t r o n g  c u r r e n t ,  
-1  in deep ,  10 m from marker, 3 m from banks ;  
Channe l -  30 m wide, s h a l l o w  a t  s o u t h  bank. 

S w i f t  R i v e r  above McNaughton c o n f l u e n c e ;  
Slow c u r r e n t ,  ~ 1 5 0  cm deep ,  p a r a l l e l  t o  r o a d ,  Nor th  s i d e  o f  
rneandx  w i t h  s t e e p  s l o p e  between r o a d  and  r i v e r ;  
Channe ln /  30 m wide ,  some s c h i s t  o u t c r o p s .  

- P a r t r i d q e  Creek ( t r i b u t a r y )  
200 m above Hwy b r i d g e ,  5 m above b u r n t  o u t  c a b i n ;  
C h a n n e l r ~ 1 0  m wide and  ry 30 cm deep ,  c o a r s e  g r a v e l ,  i g n e o u s  
and metamorphics.  

--- 

--' S w i f t  R i v e r  800 m downstream from S w i f t  R i v e r  Hwy camp; 
Channel N 30 m wide ,  v e r y  r a p i d  f l o w  > 100 cm deep ;  
Rock and  g r a v e l  bed, sampl ing  3 m from bank, p a r a l l e l  t o  Hwy 
(20 m o f f ) .  
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STATION NO. 

10-13 

14 

15-16 

17 

18 

19 

--- S w i f t  R i v e r  main s t a t i o n :  
Good modera te  c u r r e n t ,  g r a v e l ,  s and  and  silt  beds ;  

Above S e a g u l l  Creek c o n f l u e n c e ;  

30 in above  c o n f l u e n c e ;  
Sp ruce  f o r e s t  (#lo-13) sampl ing  

Seaqul l  Creek 
Upstream from Hyw B r i d g e  m100 in b e f o r e  r i v e r  bend; 
Channel d 12 m b i d e ,  d 35 cm deep ,  g r a v e l  bed, 

- S w i f t  R i v e r  above Alaska  Hwy b r i d g e ;  
Above l o n e  s p r u c e  t ree  on west bank,  c h a n n e l d  14 m wide; 
#15 west bank 3 in, #If; east  bank 10 m from free g r a v e l  
w i t h  some silt and sand  ( b r a i d e d  r i v e r  d r a i n i n g  bog above).  

S w i f t  R i v e r  a t  gauging  s t a t i o n  j u s t  beloid 
Smart R i v e r  conf luence .  
-- 
-- S w i f t  R i v e r  above McNaughton ( immedia t e ly  above  c o n f l u e n c e ) ;  
40 m ;  S t e e p  s l o p e  w 250 m between Hwy and r i v e r , w i t h  s c h i s t  
and sha le  outcrops. 

Unnamed creek between S e a g u l l  and  S w i f t  River 
Nor th  o f  r o a d  N 3 in wide. 

Hwy b r i d g e ,  --- 
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STATION DESCRIPTION 

OGILVIE RIVER 

Near Mili2post 146, above t r i b u t a r y  c o n f l u e n c e  on west bank; 
Bedrock isxposure on east  bank, samples  t a k e n  a t  613 and 75 m 
from west bank ( c h a n n e l  w i d t h &  80 m ) .  

Near M i l e p o s t  142 ,  Churchward H i l l s ,  a t  p o i n t  where exposed 
l i m e s t o n e  beds  c r o s s  t h e  r i v e r ;  s amples  t a k e n  45 m from west 
bank ( c h a n n e l  w id th  A/ 81 m). 

Near M i l e p o s t  139, above b l ack  s h a , l e  e x p o s u r e s  and  above 
c u l v e r t  d r a i n i n g  s p r u c e  bog; samples  t a k e n  27 m from banks  
( c h a n n e l  w id th  62 m).  

Near l i m e s t o n e  cave  and ye l low road s i g n ;  samples  t a k e n  
45 m from bank ( c h a n n e l  w id th  46 m ) .  

Main w i n t e r  s t a t i o n  between Mi lEpos t  124 and 125 i n  canyon 
su r rounded  by s t e e p  l i m e s t o n e  h i l l s ;  samples  t a k e n  a t  o r  n e a r  
river centre ( c h a n n e l  w i d t h  114 m) . 
Below Water Survey o f  Canada Gauging S t a t i o n ;  75 rn from west 
bank 
u n s u i t e d  as a water q u a l i t y  sampl ing  s t a t i o n ) .  

A t  mouth o f  Eng inee r  C r e e k ,  100 m above  Hwy B r i d g e ;  samples  
t a k e n  i n  mids t ream ( c h a n n e l  w id th  2 1  m ) .  

( n o t  used  a s  a s t a t i o n  a f t e r  first f i e l d  t r i p  because  

Smal l  t r i b u t a r y  n e a r  game o u t f i t t e r  c a b i n ;  d r a i n i n g  s p r u c e  bog. 

AbovE t r a p p e r  c a b i n ;  l i m e s t o n e  bedrock  exposure  on n o r t h w e s t e r n  
bank. 

500 rri above  Hwy camp; Samples  t a k e n  30 and 50 m from s o u t h e a s t e r n  
bank ( c h a n n e l  w i d t h  136 n). 

S u l p h u r  s p r i n g s ,  Eng inee r  Creek, Mile 107; n e x t  t o  v e r t i c a l l y  
u p l i f t e d  b l a c k  s h a l e  d e p o s i t s .  

T r i b u t a r y  n e x t  t o  mass ive  l i m e s t o n e  r i d g e ;  sample t a k e n  200 rn 
above c o n f l u e n c e  w i t h  O g i l v i e ;  g roundwater  f l o w  w i t h  ve ry  s h o r t  
d r a i n a g e  channe l .  

Middle Eng inee r  Creek i n  c e n t r e  o f  c u t  t h rough  a n t i c l i n a l  r i d g e .  

Groundwater d i s c h a r g e  n e x t  t o  s t a t i o n  #3 i n  O g i l v i e .  
is  r e l e a s e d  from t h e  l i m e s t o n e  f o r m a t i o n  and d i r e c t l y  e n t e r s  t h e  
main stream. 

T r i b u t a r y  d r a i n i n g  s p r u c e  bog below s t a t i o n  #4 and above b l a c k  
s h a l e  o u t c r o p s .  

Groundwater 
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1. U n c o n t r o l l e d  F h o t a  i losaic oS th2 
O g i l w i e  R ~ V E T  Study 4r-a 

Unczntrolled o n e t o  Mosaic 07 the 
S w i f t  Aiver S t u d y  Area 
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