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SYNCRUDE CANADA LTD. 

ENVIRONMENTAL POLICY STATZMENT 

Syncrude Canada L td .  works w i t h  t h e  c o n v i c t i o n  

t h a t  human u s e  of  t h e  environment need n o t  be  d e s t r u c t i v e .  

With c a r e f u l  p l ann ing ,  based upon good i n f o r m a t i o n ,  man-al tered  

and n a t u r a l  ecosys tems can e x i s t  i n  harmony. I n  o r d e r  t o  

accomplish t h i s  p l ann ing ,  Syncrude c o n s i d e r s  r e s o u r c e  development 

from a  t o t a l - s y s t e m s  p o i n t  o f  view. Th i s  comprehensive approach 

c o r r e c t s  t h e  f r e q u e n t  tendency t o  a t t e m p t  r e s o l u t i o n  of  problems 

on a  s i n g l e  purpose  b a s i s .  The t o t a l - s y s t e m s  a n a l y s i s  approach 

l e a d s  t o  a  p l a n  of o p e r a t i o n s  u s i n g  t h e  b e s t  p r a c t i c a b l e  t e ch -  

nology,  bo th  i n  r e s o u r c e  development and i n  env i ronmenta l  p r o t e c t i o n .  

An ecosystem approach t o  r e s o u r c e  development,  a n  i n t e g r a l  p a r t  

of ou r  approach ,  i m p l i e s  an  unde r s t and ing  o f  and r e s p e c t  f o r  t h e  

p o t e n t i a l  of  n a t u r a l  systems and t h e  u s e  of  t h e  economy of n a t u r e ,  

wherever p o s s i b l e .  

Through a  comprehensive program of s u r v e i l l a n c e  

of t h e  e f f e c t s  o f  our  technology and c a r e f u l  a p p l i c a t i o n  of  t h a t  

t echno logy ,  w e  aim t o  p r even t  a c c i d e n t a l  damage t o  t h e  environment.  

T o t a l  e f f e c t s  w i l l  be  examined by p r o f e s s i o n a l  e c o l o g i s t s  and 

s t u d y  r e s u l t s  provided t o  p u b l i c  r e p r e s e n t a t i v e s .  



FOREWORD 

T h e  u s u a l  c o n f l i c t  t h a t  e x i s t s  b e t w e e n  m i n i n g  

a c t i v i t i e s  a n d  e n v i r o n m e n t a l  p r o t e c t i o n  ( a n d  t h a t  m a k e s  e n v i r o n -  

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

n o l o g y )  i s  a b s e n t  f r o m  h y d r o l o g i c a l  s t u d i e s .  Sound  h y d r o l o g i c a l  

managemen t  i s  e s s e n t i a l  t o  b o t h  e f f i c i e n t  m i n i n g  a n d  p r o t e c t i o n  

o f  t h e  e n v i r o n m e n t .  The  h y d r o l o g i c a l  s t u d i e s  r e p o r t e d  i n  t h i s  

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

u n d e r t a k e n  i n  1 9 7 3  o n  b e h a l f  o f  S y n c r u d e  C a n a d a  L t d .  A l t h o u g h  

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

a n d  c i v i l  e n g i n e e r s  t o  p r o v i d e  i n f o r m a t i o n  f o r  p r o p o s e d  c h a n g e s  

t o  t h e  d r a i n a g e  o f  Crown L e a s e  No. 1 7 ,  t h i s  p r e l i m i n a r y  w o r k  was  

c o n s i d e r e d  s u i t a b l e  f o r  i n c l u s i o n  i n  t h e  S y n c r u d e  m o n o g r a p h  

s e r i e s  b e c a u s e  t h e  w o r k ,  o f  n e c e s s s i t y ,  i n v o l v e d  s t u d y  o f  t h e  many 

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

T h e  i n v e s t i g a t i o n  c u l m i n a t e d  i n  t h e  p r e d i c t i o n  o f  f l o o d  f r e q u e n c i e s  

f o r  s t r e a m s  o f  t h e  a r e a ,  a n d  t h e s e  f i n d i n g s  a r e  r e p o r t e d  h e r e .  

I t  i s  e m p h a s i z e d  h o w e v e r ,  t h a t  t h e  p u r p o s e  o f  p u b l i s h i n g  t h i s  

w o r k  i s  n o t  t o  p r o v i d e  r e l i a b l e  v a l u e s  o f  p r e d i c t e d  f l o o d  

f r e q u e n c i e s  f o r  L e a s e  No. 1 7  b u t  t o  show how a  p r e l i m i n a r y  

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

o f f  d a t a ,  may b e  p e r f o r m e d .  

H y d r o l o g y  i s  o n e  o f  t h e  m o s t  u b i q u i t o u s  o f  e c o l o g i c a l  

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

e x i s t i n g  d r a i n a g e ,  v e g e t a t i o n ,  a n d  m e t e o r o l o g y .  The  m o n o g r a p h  

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

w i l l  make  i t  a  u s e f u l  s o u r c e  o f  r e f e r e n c e  when  e a c h  o f  t h e  t o p i c s  

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



T h e  S y n c r u d e  p r o j e c t  i s  a  p i o n e e r i n g  e n t e r p r i s e  i n  

t h e  l a r g e - s c a l e  m i n i n g  o f  t a r  s a n d  a n d  h a s  b e e n  i n i t i a t e d  a t  a  

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

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

may l e a d  t o  s e r i o u s  e c o l o g i c a l  d a m a g e  i n  t h e  t a r  s a n d s  r e g i o n .  

F o r t u n a t e l y  t h e  r e l a t i v e l y  new e n v i r o n m e n t a l  s c i e n c e s  m a k e  

p o s s i b l e  t h e  i n d u s t r i a l  d e v e l o p m e n t  o f  t h e  t a r  s a n d s  i n  a n  

e c o l o g i c a l l y - o r g a n i z e d  f a s h i o n .  W i t h  t h i s  i n  m i n d ,  S y n c r u d e ' s  

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

u n d e r t a k e n  b o t h  b y  S y n c r u d e ' s  own e n v i r o n m e n t a l  s c i e n t i s t s  a n d  

b y  o u t s i d e  c o n s u l t a n t s .  To p r o v i d e  maximum b e n e f i t  t h e s e  r e s e a r c h  

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

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

o f  t h e  p u b l i c .  
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ABSTRACT 

Flood frequency p r e d i c t i o n  f o r  Syncrude Lease 17 i s  

necessary f o r  both mining a c t i v i t i e s  and environmental p ro t ec t i on .  Due 

t o  a s c a r c i t y  of l o c a l  d a t a ,  f lood  frequency curves could no t  be prepared 

d i r e c t l y .  It i s  demonstrated t h a t  f l ood  frequency curves can be der ived  

from l i m i t e d  d a t a  fol lowing a n  i n d i r e c t  method i n  which one y e a r ' s  l o c a l  

d a t a  i s  genera l ized  by r e f e r e n c e  t o  p r e c i p i t a t i o n  and runoff records  from 

s i m i l a r  t e r r a i n .  The s tudy  involved a stream-gauging program (undertaken 

i n  1973),  and t h e  p repa ra t i on  of a r e g i o n a l  flood-frequency curve and f l ood  

f requenc ies  f o r  i n d i v i d u a l  s t reams on t h e  l e a s e .  These, i n  t h e i r  t u r n ,  have 

r equ i r ed  t h e  s tudy  of p r e c i p i t a t i o n ,  geology, topography and v e g e t a t i o n  f o r  

t h e  a r e a .  

The r e s u l t  i s :  

(a )  a gene ra l  review of t h e  hyd ro log ica l ly - s ign i f i can t  f e a t u r e s  of t h e  

l e a s e ,  and 

(b) a s e t  of flood-frequency curves  ad jus t ed  by r e f e r e n c e  t o  t h e  s t ream 

gauging program of 1973. 



1. INTRODUCTION 

To p rov ide  d e s i g n  c r i t e r i a  f o r  a n  e f f e c t i v e  d r a i n a g e  

scheme f o r  t h e  Syncrude mine a t  t h e  Athabasca t a r  s a n d s ,  it i s  

neces sa ry  t h a t  t h e  behaviour  of  s u r f a c e  wa te r  i n  t h e  a r e a  be  under-  

s t ood .  

Water management f o r  t h e  Syncrude p r o j e c t  i s  compli-  

c a t e d  by t h e  need t o  d i v e r t  t h e  s u r f a c e  runo f f  c u r r e n t l y  c a r r i e d  

th rough  t h e  l e a s e  t o  t h e  Athabasca River  v i a  Beaver Creek. The 

c r e e k  w i l l  be  dammed a t  t h e  s o u t h e r n  boundary o f  t h e  l e a s e  and t h e  

wa te r  r e - rou t ed  v i a  a  c a n a l  i n t o  Ruth Lake. A c a n a l  on t h e  o u t l e t  

s i d e  o f  Ruth Lake w i l l  l e a d  wa te r  i n t o  Pop l a r  Creek,  w i t h  t h e  con- 

f l u e n c e  c o n t r o l l e d  by a  dam and s p i l l w a y .  Hydro log i ca l  s t u d i e s  a r e  

c a l l e d  f o r :  t o  assess t h e  e f f i c a c y  o f  t h e  proposed new d r a i n a g e  

scheme; t o  p r o j e c t  i t s  e f f e c t  on t h e  c u r r e n t l y - e s t a b l i s h e d  n a t u r a l  

d r a i n a g e ;  and t o  h e l p  i n  d e c i d i n g  how t o  moni to r  changes  t h a t  w i l l  

occur  th roughout  t h e  mining p roce s s .  

While t h e  immediate need f o r  a  h y d r o l o g i c a l  s t u d y  

a r o s e  from mining c o n s i d e r a t i o n s ,  t h e  s t u d y  s imu l t aneous ly  p rov ided  

u s e f u l  e c o l o g i c a l  i n fo rma t ion  abou t  t h e  a r e a .  

I n  a s s e s s i n g  t h e  o v e r a l l  water  b a l a n c e ,  t h e  fo l low-  

i n g  program was pursued:  

a )  An i n v e n t o r y  was t a k e n  of t h e  " h y d r o l o g i c a l  budge t " ,  i . e .  wa t e r  

e n t e r i n g  t h e  a r e a  a s  p r e c i p i t a t i o n ,  and w a t e r  l e a v i n g  t h e  a r e a  

by means of e v a p o r a t i o n ,  s u b l i m a t i o n ,  and s u r f a c e  d r a i n a g e .  

b) The e x i s t i n g  a r e a s  of s o i l  and v e g e t a t i o n  t y p e s  w e r e  p l a n i -  

me te red ,  and t h e  geology and topography of  t h e  l e a s e  reviewed.  

c )  Flood f requency  curves*  w e r e  c o n s t r u c t e d  from a v a i l a b l e  d a t a  

and a d j u s t e d  by t h e  a p p l i c a t i o n  o f  r uno f f  measurements made 

i n  t h e  s t u d y  a r e a  i n  1973. 

* 
See Glossary 

1 



The s t u d y  focused on t h e  Beaver Creek r e g i o n  s i n c e  

t h i s  was t o  be t h e  most a f f e c t e d  a r e a .  



2. LOCATION OF THE STUDY AREA 

The area for which hydrological data were collected 

during the summer of 1973 is shown in Fig. 1. Lease No. 17, 

located approximately 25 miles north of Fort McMurray, includes 

portions of the MacKay River and Beaver Creek drainage basins. 

Since mining will initially be restricted to the Beaver Creek 

basin, and a flow diversion into the adjoining Poplar basin is 

being planned, the study has concentrated on these two basins. 

Fig. 1 shows the location of the Beaver and Poplar basins, to- 

gether with basin outlines for those Beaver tributaries which 

were gauged as part of this study. 
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3. INGRESS OF WATER INTO THE AREA BY PRECIPITATION 

3.1 Resional Climate 

According to climatic data recorded at Fort 

McMurray airport over the past 27 years, the region has a cold, 

snowy, forest climate ( ~ 6 ~ ~ e n  classification Dfc) with a large 

annual range of temperatures. The summer is short and relatively 

cool. Although summer cyclonic storms bring occasional heavy 

precipitation, summer precipitation is generally light. Never- 

theless, low evaporation resulting from low temperatures keeps 

the climate moist. Winter precipitation is also light but the 

low temperatures allow a considerable accumulation of snow for 

between 5 and 7 months. 

The study area encompasses the Beaver and Poplar 

Creeks. To assist in deciding how climate in the headwaters 

affects these little-studied creeks, an analogy may be drawn 

between Birch Hills (for which climatic data exist) and the 

Thickwood Hills of the Beaver and Poplar Creek headwaters. It 

has been pointed out in An Env ironmentaZ  S t u d y  o f  t h e  A t n a b a s c a  

T a r  Sands  (Intercontinental Engineering of Alberta, Ltd., 1973) 

that due to elevation, the Birch Hills area is up to ~ O O F  warmer 

in winter, and ~ O O F  cooler in summer than the surrounding lowlands. 

Accordingly, the Thickwood Hills may be expected to have a similarly 

modified clifiate, with the effect that summer evaporation would 

be lower than in the lowlands, and winter snowfall higher, but 

with increased snow losses due to sublimation. 

Of the 143 meteorological stations in northern 

Alberta, 122 were active in 1970 -- the date of the latest 
collected report (Department of Transport, 1970). Many of these 

stations are fire lookouts which report maximum and minimum 



t e m p e r a t u r e s  and 24 hour  p r e c i p i t a t i o n  i n  t h e  summer months o n l y  

( u s u a l l y  less t h a n  5 months p e r  y e a r ) ,  However, t h e  d a t a  from 

t h e  f i r e  l o o k o u t s  a r e  more u s e f u l  t h a n  may appear  from t h e i r  

s e a s o n a l  n a t u r e  because  it h a s  been e s t a b l i s h e d  t h a t  t h e  l a r g e s t  

f l o o d s  i n  n o r t h e r n  A l b e r t a  r e s u l t  from r a i n f a l l  r a t h e r  t h a n  

snowmelt. The p e r i o d  o f  r e c o r d  i s  s h o r t  f o r  t h e  m a j o r i t y  of  t h e  

143 s t a t i o n s ,  u s u a l l y  from 3  t o  10  y e a r s ,  b u t  a  few c o v e r  more 

t h a n  50 y e a r s .  The l o c a t i o n s  o f  hydromet r i c  s i t es  and meteoro-  

l o g i c a l  s t a t i o n s  i n  t h e  n o r t h  of  t h e  p r o v i n c e  a r e  shown i n  F i g .  2.  

3.2 Mean P r e c i ~ i t a t i o n  

Tab le  1 i n d i c a t e s  t h a t  t h e  d i s t r i b u t i o n  o f  mean 

p r e c i p i t a t i o n  a c r o s s  n o r t h e r n  A l b e r t a  i s  r e l a t i v e l y  un i fo rm,  

r a n g i n g  from 1 4  t o  17 i n c h e s .  Although f o r  Crown Lease  No. 17 

t h e  A t l a s  of A l b e r t a  (1969) i n d i c a t e s  a  mean a n n u a l  p r e c i p i t a t i o n  

o f  1 8  i n c h e s ,  Tab le  1 s u g g e s t s  17 i n c h e s  a s  a  b e t t e r  estimate -- 
a t  l e a s t  f o r  t h e  lower r e g i o n s .  Because mean p r e c i p i t a t i o n  f o r  

t h e  months of May t o  August i s  17% l a r g e r  a t  t h e  Thickwood H i l l s  

Lookout (10.74 i n c h e s )  t h a n  a t  t h e  lower - ly ing  F o r t  McMurray 

A i r p o r t  (9.14 i n c h e s ) ,  mean a n n u a l  p r e c i p i t a t i o n  o v e r  t h e  Beaver  

Creek b a s i n  may be  assumed t o  v a r y ,  depending on e l e v a t i o n ,  from 

17 t o  19  i n c h e s .  

Given t h a t  f o r  68% o f  a l l  y e a r s ,  mean a n n u a l  

p r e c i p i t a t i o n  i s  w i t h i n  f 23% of  t h e  long  t e r m  mean ( i . e .  co- 

e f f i c i e n t  o f  v a r i a t i o n  i s  23%) (Thomas, 1 9 6 4 ) ,  a n  approx imate  

f requency  c u r v e  f o r  mean a n n u a l  p r e c i p i t a t i o n  c a n  b e  drawn. 

I t  i s  shown a s  F i g .  3. 

3.3 Maximum R a i n f a l l  R a t e s  

The most r e c e n t  d e t a i l e d  s t u d y  o f  h i g h  i n t e n s i t y  

r a i n f a l l  i n  t h e  p r o v i n c e  o f  A l b e r t a  was p u b l i s h e d  a s  f a r  back a s  





Table  1: SUMMARY OF PRECIPITATION DATA, 1941-1970 

4 
1 )  

Years of P r e c i p i t a t i o n  R a i n f a l l  P r e c i p i t a t i o n  
S t a t  i o n  Record ( i n c h e s )  ( i n c h e s )  ( i n c h e s )  

A l b e r t a ,  North of 56' L a t .  

Algar Lo 1 4  3 .21 
B a t t l e  River  Lo 1 5  3.86 
Bi rch  Mountain Lo 11 2.37 
B u f f a l o  Head 2 7 2.53 14 .71  
B u f f a l o  L o 12 3.28 
Chinchaga Lo 1 3  3.05 
C l e a r  H i l l s  L o 16 3.25 
Deadwood L o 1 0  3.66 
Doig L o 1 2  2.91 
E l l s  Lo 1 0  1.67 
Embarras 2 0 3.22 15 .71  
F a i r v i e w  30 2.50 

2 
16 .63  

F o r t  McMurray A 2 7 2.38 17.14 
F o r t  Vermi l l ion  30 2.36 14.18 
Keg River  30 2.36 15.87 
Keg L o 11 3.63 
Muskeg L o 12 3.23 
Naylor H i l l s  L o 16 3.67 
No t i k e w i n  L o 1 3  4 .01  
Peace River  A 1 8  1 .89  13.81 
Red E a r t h  L o 12 2.01 
Richards  on L o 11 1.66 
S toney Mountain Lo 17  3 . 1 1  
Teepee Lo 11 2.33 
Thickwood Lo 14 2.37 
Trou t  Mountain Lo 10 2.18 
Watt Mountain Lo 14 3 .13 
W h i t e f i s h  L o 1 3  3.04 
Whitemud L o 17 3.79 
Zama L o 10 2.29 

Saskatchewan, North of 56' L a t . ,  West of 105' Long. 

Stony Rapids 1.0 2.75 9.60 15.13 
Uranium 1 3  1 .84  8.00 13.94 

1 )  Lo - Lookout 
A - A i r p o r t  

2) A maximum of 3.34 h a s  been observed b e f o r e  1941. 



RETURN PERIOD, years 

2 4 5 10 20 50 

2 5 10 20 30 40 50 60 70 80 90 95 98 

PERCENT OF YEARS WITH SMALLER PRECIPITATION 

F i g u r e  3 Approximate D i s t r i b u t i o n  o f  Mean Annual 
P r e c i  p i  t a t i o n  o v e r  Lower Beaver B a s i n  



1963 ( S t o r r ,  19631, and d e a l s  wi th  d a t a  c o l l e c t e d  between 1916 

and 1960. The nor thern  p o r t i o n s  of S t o r r ' s  maps f o r  t h r e e  r e t u r n  

pe r iods  a r e  reproduced a s  F ig .  4 .  The v a r i a t i o n  of 2 4  hour 

maxima a c r o s s  no r the rn  Albe r t a  i s  seen  t o  be s m a l l ,  w i th  t h e  

g r a d i e n t  dec reas ing  t o  t h e  n o r t h  and w e s t  of t h e  province.  Any 

orographic  e f f e c t  i n  t h e  Thickwood H i l l s  and Bi rch  H i l l s  e scapes  

d e t e c t i o n  due t o  l ack  of d a t a .  S t o r r ' s  s tudy  s u f f e r s  from two 

drawbacks: f i r s t ,  du r ing  t h i s  p e r i o d ,  t h e  d a t a  coverage f o r  

no r the rn  Alber ta  a s  a  whole was s p a r s e ;  and secondly,  r e a d i n g s  

were f o r  a r t i f i c a l l y - f i x e d  2 4  hour p e r i o d s  r a t h e r  than  f o r  2 4  

hour pe r iods  of n a t u r a l  maximum r a i n f a l l .  Na tura l  r a i n f a l l  maxima 

have been found t o  be about 13% higher  t han  f i x e d  maxima. 

La te r  b u t  less s p e c i f i c  maps of r a i n f a l l  i n t e n s i t y  

f o r  t h e  whole of Canada have been prepared by Bruce (1968) .  He 

has i n v e s t i g a t e d  r a i n f a l l  f o r  v a r i o u s  d u r a t i o n s  ranging  from 5 

minutes t o  7 2  hours ,  and app l i ed  a  13% adjustment  t o  conve r t  

va lues  from a r t i f i c i a l  t o  n a t u r a l  maxima. Data analysed by t h e s e  

two a u t h o r s  have been used t o  p repare  approximate f requency cu rves  

f o r  Crown Lease No. 1 7  (F ig .  5 ) .  A l l  v a l u e s  i nc lude  t h e  13% 

c o r r e c t i o n  f a c t o r .  

To check whether Fig .  5 i s  i n  keeping wi th  r e c e n t ,  

more ex t ens ive  d a t a ,  Table  1, assembled from t h e  l a t e s t  publ ished 

summary of meteoro log ica l  d a t a  (Atmospheric Environment S e r v i c e ,  

1970) may be r e f e r r e d  t o .  A l l  t h e  s t a t i o n s  i n  t h e  p u b l i c a t i o n  

t h a t  a r e  l oca t ed  no r th  of 56O i n  Saskatchewan a r e  l i s t e d  (F ig .  2 ) .  

Thirty-two s t a t i o n s  a r e  involved,  i nc lud ing  new f i r e  lookouts  a t  

t h e  h igher  e l e v a t i o n s .  From Fig .  5 one would expec t  maximum 2 4  

hour p r e c i p i t a t i o n  i n  t h e  lower Beaver b a s i n  t o  l i e  between 2.3 
* 

inches  f o r  t h e  1 0  year  r e t u r n  per iod  , and 3.2 i nches  f o r  t h e  30 

y e a r s  r e t u r n  per iod.  This  range of v a l u e s  i s  found more o r  l e s s  

i n  t h e  p r e c i p i t a t i o n  r e c o r d s  l i s t e d  i n  Table 1. 

* 
See Glossary 
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Figure 5 Rainfall Intensities in the Lower 
Beaver River Basi n 



3.4 Storm A n a l y s i s  

The f requency  c u r v e s  o f  F ig .  5  do n o t  g i v e  any 

i n fo rma t ion  a s  t o  t h e  a r e a l  e x t e n t  o f  h igh  i n t e n s i t y  r a i n f a l l .  * 
To e v a l u a t e  t h i s ,  i s o h y e t a l  maps of  many i n d i v i d u a l  s t o rms  must 

be  p l o t t e d .  The Atmospheric Environment S e r v i c e  h a s  done t h i s  

f o r  most major  s to rms  s i n c e  abou t  1960, and,  s i n c e  1970,  on a 

con t i nuous  b a s i s  f o r  a l l  s to rms  producing more t h a n  3 i n c h e s  of 

r a i n .  These i s o h y e t a l  maps a r e  p u b l i c l y  a v a i l a b l e  b u t  no d e t a i l e d  

a n a l y s i s  ha s  been under taken  t o  d a t e .  However, a  p r e l i m i n a r y  

a n a l y s i s  (Buckler  and P o l l o c k ,  1972) based on 55 s t o rms ,  ha s  pro-  

duced t h e  r a i n f a l l  a rea - f requency  r e l a t i o n  shown i n  Tab l e  2 .  The 

r e s u l t s  a r e  n o t  d i r e c t l y  comparable w i t h  r e a d i n g s  f o r  t h e  Beaver 

b a s i n  (F ig .  5)  because  t h e  f r e q u e n c i e s  i n  t h e  t a b l e  a r e  f o r  s t o rms  

o c c u r r i n g  "somewhere i n  A l b e r t a " .  C l e a r l y ,  t h e  r e t u r n  p e r i o d s  

f o r  any one f i x e d  l o c a t i o n  would be  f a r  l onge r .  

Examination o f  some of  t h e  i s o h y e t a l  maps shows 

t h a t  t h e  24 hour and 72 hour i n t e n s i t i e s  f o r  t h e  Beaver b a s i n  

(F ig .  5 )  a r e  a p p l i c a b l e  t o  a r e a s  up t o  100 s q u a r e  m i l e s  w i t h o u t  

r e d u c t i o n .  The i n t e n s i t i e s  f o r  s h o r t e r  p e r i o d s  a r e  n o t  t o  be  

r e l i e d  upon because  i n t e n s e ,  h i g h l y  l o c a l i z e d  s to rms  o f  s n o r t  

d u r a t i o n  (e .g .  thunders to rms)  would i n t r o d u c e  anomol ies .  The 

F o r t  McPIurray s t a t i o n  i s  p a r t i c u l a r l y  v u l n e r a b l e  t o  t h i s  e f f e c t ,  

be ing  s u b j e c t  t o  approx imate ly  50 h o u r s '  o f  t hunde r s to rms  p e r  y e a r .  

* 
See Glossary 



Table 2: INTENSITY - AREA - FREQUENCY RELATIONS FOR ALBERTA 

(from Bucker and Pol lock,  1972) 

Ra in fa l l s  expected t o  be exceeded somewhere i n  Alber ta ,  on t h e  
average once i n :  

100 Years 

Duration 
(Hours ) 

Duration 
(Hours) 

Area (square mi les )  
100 300 1000 

5  .O 4.2 3.3 ( inches)  
7  .O 6.2 5 .1  
9.0 8 . 3  7  .O 

10.3 9 .5  8 .8  
10.4 9.8 9 .1  

10 Years 

Area (square mi les )  
100 300 1000 

3.2 2.8 2.2 ( inches)  
4.7 4.2 3.6 
6.3 5 .8  5 .1  
7.6 7.1 6.6 
8.2 7.7 7.2 



4 .  FACTORS AFFECTING EGRESS OF WATER FROM THE A N A  

Hydrology i s  concerned less w i t h  p r e c i p i t a t i o n  

i t s e l f  t h a n  w i t h  t h e  p r o g r e s s  of  p r e c i p i t a t i o n  on r e a c h i n g  t h e  

ground.  An i n v e s t i g a t i o n  i n t o  t h e  r e l a t i o n s h i p  between p r e c i p i -  

t a t i o n  and r u n o f f  i s  h e r e  p r e f a c e d  by a  r ev iew of  t h e  r e l e v a n t  

geography of t h e  s t u d y  a r e a .  

4 . 1  Bedrock Geology and Bedrock Topography 

The bedrock geology of  t h e  F o r t  McMurray a r e a  h a s  

been mapped by t h e  A l b e r t a  Research  Counc i l  ( C a r r i g y  and C o l l i n s ,  

1 9 5 9 ) ,  and t h e  a p p r o p r i a t e  i n f o r m a t i o n  used t o  p r e p a r e  a  g e o l o g i c a l  

map o f  t h e  s t u d y  a r e a  ( F i g .  6 ) .  Most o f  t h e  bedrock u n d e r l y i n g  

t h e  a r e a  b e l o n g s  t o  t h e  s h a l e s  and s a n d s t o n e s  o f  t h e  C r e t a t e o u s  

C l e a r w a t e r  fo rmat ion .  Being impermeable,  t h i s  m a t e r i a l  a f f e c t s  

t h e  hydrology of t h e  a r e a .  I n  headwater  r e g i o n s  o f  t h e  Thickwood 

H i l l s  t h e r e  i s  a  s m a l l  a r e a  of  t h e  porous  and permeable Grand 

Rapids s a n d s t o n e ,  and where t h i s  a b u t s  w i t h  t h e  impermeable 

C l e a r w a t e r  f o r m a t i o n ,  s p r i n g s  emerge. I n  lower r e a c h e s  of t h e  

Beaver and P o p l a r  b a s i n s ,  t a r  sand of  t h e  McMurray f o r m a t i o n  

p r o v i d e s  t h e  upper  s u r f a c e  of  t h e  bedrock.  

I n f o r m a t i o n  on bedrock topography i s  a v a i l a b l e  

o n l y  f o r  t h e  s o u t h e r n  h a l f  o f  t h e  s t u d y  a r e a  ( C a r l s o n ,  1 9 7 1 ) .  

P r e l i m i n a r y  mapping i n d i c a t e s  t h a t  t h e  d r i f t  t h i c k n e s s  v a r i e s  

from 100 f e e t  of till i n  t h e  Thickwood H i l l s  t o  20 f e e t  o r  l e s s  

of  g l a c i o f l u v i a l  d e p o s i t s  i n  t h e  lower r e a c h e s  of b o t h  t h e  Beaver 

and P o p l a r  b a s i n s .  



4.2 Surficial Geoloav 

Surficial geology, mapped for the study area in Fig. 

7 (derived from Bayrock, 1971) affects water retention and hence 

rate of runoff. Planimetering of the various surficial deposits 

gave values for area and composition listed in Table 3. 

For the Beaver basin as a whole, almost 75% ~f the 

surface is composed of glaciolacustrine deposits of silt, clay, 

and sand (generally overlaying glacial till). Principal surficial 

components of particular localities within the study area are as 

follows : 

Beaver Creek, headwaters glacial till 

Beaver Creek, lower reaches glaciofluvial sands and gravels 

Creeks 1, 2, 3, and 4 glaciolacustrine deposits 

Bridge Creek, lower reaches some glaciofluvial material 

Poplar Basin 

Mildred Lake Basin 

4.3 Surface Topography 

predominantly glaciolacustrine, 
but with some glaciofluvial 
deposits 

glaciofluvial material alone or 
overlain by aolean sands. This 
anomalous regime results from 
Mildred Lake's occupying a glacial 
meltwater channel. 

The elevation of the area ranges fron less than 

800 feet along the Athabasca River to over 1700 feet in the 

Thickwood Hills. The general slope is upwards to the northeast, 





Geological Boundar 
$-++CC Abandoned Beach 
lLUL Channel Scarp --- Basin Boundaries 

Surficial Geology, 
Bitumount, Bayrock, 
1971. R.C.A. 
Surficial Geology, 
Waterways, Bayrock,in 
Preparation. R.C.A. 

F i g u r e  7 -- S u r f i c i a l  Geology of t he  S t u d y  Area 



LEGEND FOR SURFICIAL GEOLOGY 

EROSIONAL FEATURES 

Gully, stream valley: thin colluvial cover on valley slopes, 
thin alluvium along streams. 

ORGANIC DEPOSITS 

Muskeg, sedge bog: thick organic materials. 

ALLUVIAL DEPOSITS 

Stream alluvium: mainly sand along Athabasca River; silt, 
clay and sand along other streams. 

AEOLIAN DEPOSITS 

Aeolian sand, dunes: medium-grained sand in sheet and dune form; 
thick in dunes; 2-10 feet in sheet form. 

GLACIOLACUSTRINE DEPOSITS 

Mixed: bedded silt, clay and sand; with some pebbles and till- 
like layers; overlying till or outwash sand. 

GLACIOFLUVIAL DEPOSITS 

Outwash sand and gravel: sand and gravel forming outwash plains; 
generally thick; surface level to undulating. 

Outwash sand: outwash sand plain; medium to coarse sand; 
variable thickness; surface level to undulating. 

Meltwater channel sediment: sand and gravel; generally thin. 

GLACIAL DEPOSITS 

Ground and hummocky moraine: till; variable in composition, 
variable in thickness; topography gently undulating to rolling. 

Legend to Figu re  7 



TABLE 3 - PLANIMETRY OF SURFICIAL GEOLOGY FOR BEAVER CREEK AND POPLAR CREEK BASINS 

STREAM AREA TAKES TILL GLACIOFLUVIAL LACUSTRINE AEOLIAN ALLUVIUM THICK ORGANIC GULLY ETC. 

BASIN mi mi % mi % mi % mi % mi % mi mi % mi 2 2 2 2 
% % 

- -- -- 

Creek #1 5.9 1) 1) 5.4 93 0.4 0.7 

Creek #2 14.0 0.01 0.1 13.99 99.9 

Creek #3 13.3 0.01 0.1 13.29 99.9 

Creek #4 18.8 0.3 1.6 0.15 0.8 18.3 97.6 

Mildred 4.9 0.5 10.2 3.2 65.3 1.2 24.5 

Bridge 7.0 0.8 11.4 6.2 88.6 

Beaver U/S 
Creek #4 101.2 

Remainder of 
Beaver Basin 

Total 
Beaver Creek 187.8 0.5 21.7 11.4 17.4 9.2 139.1 73.4 8.5 4.5 0.1 0.1 0.9 0.5 1.8 0.9 

Beaver Creek 
at Gauge 177.3 

Total 
Poplar 

1) Very Small 

E . ,  & - . -  L a  I__, t L - a  L a  L,, ,  I L I-, I-, I.- E E k -  E L I_, 



b u t  Ruth Lake and Mildred Lake (set  i n  nor th - sou th  t r e n d i n g  

g l a c i a l  me l twa te r  c h a n n e l s )  s l o p e  g e n t l y  upward t o  t h e  n o r t h .  

The g l a c i o l a c u s t r i n e  and g l a c i o f l u v i a l  d e p o s i t s  which cover  most 

of  t h e  s t u d y  a r e a  nave a  s u r f a c e  t h a t  i s  l e v e l  t o  s l i g h t l y  

undu l a t i ng .  Topography i n  t h e  moraine  a r e a  of  t h e  Thickwood 

H i l l s  i s  more v a r i a b l e ,  r ang ing  from u n d u l a t i n g  t o  r o l l i n g .  A s  

i s  u s u a l  f o r  a r e a s  w i t h  topography such a s  t h i s ,  d e c i d i n g  upon 

t h e  n a t u r a l  bounda r i e s  of a  d r a i n a g e  b a s i n  i s  d i f f i c u l t .  The 

b a s i n  boundar ies  s e l e c t e d  f o r  t h i s  s t u d y  seem t o  be c a l l e d  i n t o  

q u e s t i o n  by f o r e s t  cover  maps showing s e v e r a l  s m a l l  s t r e ams  

c r o s s i n g  t h e  s e l e c t e d  boundar ies .  However, s i n c e  such  maps a r e  

p repared  from a i r  pho tographs ,  which a r e  n o t o r i o u s l y  poor a t  

exposing t h e  e x a c t  l o c a t i o n  of  s m a l l  s t r e ams ,  t h e y  d o  n o t  f u r n i s h  

a  r e a s o n  why t h e  s e l e c t e d  bounda r i e s  should  be r e v i s e d .  

4 . 4  S o i l s  and Vege t a t i on  

Only p r e l i m i n a r y  s o i l  mapping i s  a v a i l a b l e  f o r  t h e  

a r e a  (Lindsay e t .  a Z . ,  1958, 1963 ) .  A s  expec t ed ,  t h e  s o i l  t y p e s  

r e f l e c t  t h e  p a r e n t  m a t e r i a l s ,  and a r e  a l s o  c l o s e l y  r e l a t e d  t o  

v e g e t a t i o n .  I n  till and l a c u s t r i n e  a r e a s ,  t h e  s o i l s  a r e  g e n e r a l l y  

g r e y  wooded and w i t h  clay-loam t e x t u r e  i n  w e l l  d r a i n e d  a r e a s ;  

and g e n e r a l l y  g l e y s o l i c  i n  p o o r l y  d r a i n e d  d e p r e s s i o n s .  Vege t a t i on  

i s  mainly  w h i t e  sp ruce  w i t h  some a spen ,  b u t  w i t h  b l a c k  s p r u c e  and 

muskeg found i n  t h e  poo r ly  d r a i n e d  l o c a t i o n s .  The s o i l s  o f  

g l a c i o f l u v i a l  p a r e n t  m a t e r i a l  a r e  main ly  podzo l s  of sandy t e x t u r e  

i n  w e l l  d r a i n e d  a r e a s ,  and g l e y s o l i c  s o i l s  and p e a t  i n  a r e a s  of  

poor d r a i n a g e .  Vege t a t i on  on t h e  podzol  s o i l s  i s  d i v i d e d  i n t o  

j ackp ine  ( w e l l  d r a i n e d ,  sandy a r e a s )  o r  mixed a spen  and w h i t e  

s p r u c e  (more h e a v i l y  t e x t u r e d  s o i l s ) .  Again,  b l a c k  s p r u c e  and 

muskeg predominate  i n  poo r ly  d r a i n e d  l o c a t i o n s .  

Q u a n t i t a t i v e  assessment  of v e g e t a t i o n  f o r  any 

d r a i n a g e  b a s i n  can  be  u s e f u l  t o  t h e  h y d r o l o g i s t  because  t h e  



e x t e n t  of  i n d i v i d u a l  s p e c i e s  r e v e a l s  t h e  e x t e n t s  and t y p e s  of  1 

s o i l s  p r e s e n t .  Maps of  t h e  Beaver and Pop l a r  b a s i n s  p r epa red  by i 

A l b e r t a  F o r e s t  S e r v i c e ,  d e p i c t i n g  v e g e t a t i o n  by s p e c i e s  have been ¶ 

s i m p l i f i e d  by t h e  Highway and River  Engineer ing  D i v i s i o n  of A l b e r t a  4 

Research t o  show s e l e c t e d  v e g e t a t i o n  a s s o c i a t e d  w i t h  p a r t i c u l a r  a 

h y d r o l o g i c a l  regimes.  Tab l e  4 l i s ts  t h e  a r e a l  e x t e n t  of  t h e s e  d 

s e l e c t e d  t y p e s  a s  measured by p l an ime t ry  f o r  t h e  Beaver and 

Pop la r  b a s i n s  i n  g e n e r a l  ( reproduced from A l b e r t a  Research)  and 
i 

Mildred Creek,  Br idge  Creek ,  and Creeks  1, 2,  3 ,  and 4 i n  p a r t i c u l a r .  

The combinat ion of  w h i t e  s p r u c e  and dec iduous  

v e g e t a t i o n  (of  which t h e  dec iduous  i s  main ly  aspen)  i s  h i g h  f o r  

a l l  t h e  s e p a r a t e  b a s i n s  s t u d i e d  ( 6 8 %  t o  9 0 % )  i n d i c a t i n g  a p re -  

ponderance of  w e l l  d r a i n e d  s o i l s .  Combined v a l u e s  f o r  b l a c k  

s p r u c e ,  t r e e d  muskeg, and muskeg ( i n d i c a t i n g  wa te r  r e t e n t i v e  

s o i l s )  a r e  much s m a l l e r ,  f a l l i n g  between 15% and 25% f o r  a l l  

i n d i v i d u a l  b a s i n s  e x c e p t  t h a t  of Creek #l. The s m a l l  a r e a s  of  

Mi ld red ,  1, 2,  and 3 t h a t  have been c l e a r e d  may be i gno red  a s  

h y d r o l o g i c a l l y  i n s i g n i f i c a n t .  





5. INTERPRETATION OF PUBLISHED RUNOFF DATA 

The immediate ,  p ragmat ic  aim of a  h y d r o l o g i c a l  

s t u d y  a s s o c i a t e d  w i t h  a  mining p r o j e c t ,  i s  t o  e n s u r e  t h a t  t h e  

mine and c i v i l  e n g i n e e r i n g  s t r u c t u r e s  (highways,  dams, b r i d g e s ,  

e t c . )  a r e  p r o t e c t e d  from f l o o d i n g .  The c r i t i c a l  t i m e  o c c u r s  

when s u r f a c e  r u n o f f  i s  a t  a  maximum. S i n c e  t h e  n e c e s s a r y  r u n o f f  

d a t a  f o r  t h e  Beaver Creek b a s i n  was n o t  a v a i l a b l e ,  and t h e  

c o l l e c t i n g  of  such d a t a  would nave t o  b e  done over  many y e a r s ,  a n  

i n d i r e c t  approach was f o l l o w e d ,  u s i n g  a v a i l a b l e  d a t a  from documented 

b a s i n s  s i m i l a r  t o  t h a t  of  t h e  Beaver Creek.  The p r o c e d u r e  was: 

a )  To s e l e c t  documented b a s i n s  s i m i l a r  t o  t h e  Beaver Creek and 

p r e p a r e  a  r e g i o n a l  f l o o d  f r e q u e n c y  c u r v e  the re f rom.  

b )  To e s t a b l i s h  a  r e l a t i o n s h i p  between a r e a  and mean f l o o d  

d i s c h a r g e  f o r  s t r e a m s  covered  by t h e  r e g i o n a l  f l o o d  f requency  

c u r v e .  

c )  To measure (by p l a n i m e t r y )  t h e  a r e a  of  d r a i n a g e  f o r  i n d i v i d u a l  

s t r e a m s  of  t h e  s t u d y  a r e a .  

d )  To c o n s t r u c t  f l o o d  f r e q u e n c y  c u r v e s  f o r  t h e  s t r e a m s  o f  t h e  

s t u d y  a r e a .  

e) To make d i r e c t  measurements of r u n o f f  o c c u r r i n g  i n  t h e  s t r e a m s  

of  t h e  s t u d y  a r e a  ( t h i s  was done i n  1 9 7 3 ) ,  and a d j u s t  t h e  

f l o o d  f requency  c u r v e s  u s i n g  t h e  f r e s h  d a t a  of  1973,  b u t  w i t h  

t h e  p r o v i s o  t h a t  t h e  t y p i c a l i t y  of 1973 be  checked by r e f e r e n c e  

t o  a v e r a g e  a n n u a l  p r e c i p i t a t i o n ,  and t h e  u s u a l  s t a t e  o f  we tness  

o r  d r y n e s s  of t h e  r e c e i v i n g  b a s i n s .  

5 .1  Regional  Flood Frequency Curve 

To be  s u i t a b l e  f o r  u s e  i n  t h e  i n d i r e c t  method, 



s u b s t i t u t e  b a s i n s  had t o  be: 

i w i t h i n  t h e  b o r e a l  f o r e s t  zone of  t h e  n o r t h e r n  g r e a t  p l a i n s ;  

ii) s u f f i c i e n t l y  d i s t a n t  from t h e  Rocky Mountain f o o t h i l l s  t o  

be f r e e  from o rog raph i c  i n f l u e n c e ;  

iii) e s s e n t i a l l y  und i s t u rbed  by human a c t i v i t y ;  

i v )  w e l l  documented w i t h  r e s p e c t  t o  s u r f a c e  r u n o f f .  

The Water Survey of Canada 's  S u r f a c e  Water  Data ,  R e f e r e n c e  I n d e x ,  

1 9 7 2  d e s c r i b e s  12 b a s i n s  f u l f i l l i n g  t h e s e  r equ i r emen t s  r e a sonab ly  

w e l l  (Tab le  5 ) .  D e f i c i e n c i e s  e x i s t  i n  t h e  comple teness  of t h e  

d a t a  ( c o n d i t i o n  ( i v )  above) because  whereas 10  y e a r s '  r e c o r d i n g  

i s  commonly r ega rded  a s  t h e  minimum b a s i s  f o r  f l o o d  f requency  

c u r v e s ,  b a s i n s  w i t h  r e c o r d s  a s  s h o r t  a s  5 y e a r s  have had t o  be  

accep ted  f o r  t h i s  s t udy .  

Spence (1971) ha s  shown t h a t  on t h e  Canadian g r e a t  

p l a i n s ,  log-normal d i s t r i b u t i o n  g i v e s  s t r a i g h t - l i n e  f requency  f o r  

annua l  s t r e am peaks .  Ar i t hme t i c  mean f l o o d ,  Qm, i s  d e r i v e d  by 

summing f l o o d  r e a d i n g s ,  and d i v i d i n g  by t h e  number o f  r e a d i n g s  

used.  I n d i v i d u a l  f l o o d  peaks ,  Q ,  a r e  t h e n  "normal ized"  by d i v i d i n g  

by Qm. Hence, "normal ized"  f l o o d  peak = Q/Qm 

where Qm = Sum of s e v e r a l  f l o o d  r e a d i n g s  
Number o f  r e a d i n g s  

F ig .  8 shows normal ized d i s c h a r g e  v s  f requency  f o r  t h e  s t r e ams  

l i s t e d  i n  Tab le  5 .  Because t h e  n o r m a l i z a t i o n  p rocedu re  i s  inade-  

q u a t e  t o  encompass a l l  t h e  f a c t o r s  a f f e c t i n g  t h e  runo f f  behaviour  

of any b a s i n ,  t h e r e  i s  some s c a t t e r  i n  t h e  p l o t s  graphed i n  F ig .  

8 .  N e v e r t h e l e s s ,  t h e  s e v e r a l  l i n e s  have s l o p e s  s u f f i c i e n t l y  c l o s e  

t o g e t h e r  f o r  a n  average  v a l u e  t o  r e p r e s e n t  them a l l  w i t h  r e a s o n a b l e  

accuracy .  A s  expec t ed ,  t h e  w ides t  d e p a r t u r e s  from t h e  average  

cu rve  a r e  shown by t h e  Boyer River  whose runo f f  and w a t e r  y i e l d  



TABLE 5 - SUMMARY OF STREAMFLOW RECORDS FOR POTENTIALLY COMPARABLE BASINS 

Observed peak Observed mean 
Drainaqe 7 % 

Major basin and Hydrometric 
stream station name 
1 2 

area  isc charge" (c~s/ Date 
(sq.mi.1 (c~s) sq.mi. ) 

3 4 5 6 

NO. of3) 
years 

7 

Discharge Yield No. of 
(cf s) (in) years 
3 9 10 

SLAVE R. 

Birch R. 

PEACE R.  

Notikewin R. 

Boyer R. 

PontTn R. 

Wajasca R. 

ATHABASCA R. 

West Prairie R. 

East Prairie R. 

Swan 3. 

Saulteaux R. 

Cleardater R. 

Hangingstone R. 

Richardson R. 

Pc~lar Ck. 

Seaver Ck. 

below Alice Ck. 3,860 12,600 D 3.26 13/5/72 5 

at Manning 1,810 17,800 D 9.84 23/5/64 11 (6R+5S) 

near Fort Vermilion 2,420 4,120 D 1.70 3/5/63 10 (OR+lOS) 

above Boyer R. 984 5,850 I 5.95 23/5/67 10 (4R+6S) 

at Nadlin Lk. Road 13,800 32,900 D 2.35 2/5/72 6 (1R+5S) 

near High Prairie 4 30 

near Enilda 500 

near Kinuso 742 

near Spurfield 1,030 

at Draper 11,800 

at Fort McMurray 344 

near the mouth 1,140 

near Fort McMurray 54.9 

near Fort McMurray 177 

I = instantaneous peak, D = mean daily peak. 

2, For period April 1 to October 30. 

3, Total number and number of rainfloods, R, and number of snowmelt floods, S. 
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a r e  unusua l ly  low ( s e e  Table  5 ) ,  probably because it o r i g i n a t e s  

i n  an e x t e n s i v e  a r e a  of poor ly  d ra ined  lowlands; and t h e  Clear -  

water  and Ponton R ive r s ,  where t h e  smal l  range i n  normalized 

f lood  v a l u e s  can  be a t t r i b u t e d  t o  t h e  e x t e n s i v e  l a k e  s t o r a g e  i n  

t h e s e  bas ins .  

5 . 2  Mean Flood a s  a  Funct ion of Drainage Area 

I n  o r d e r  t o  apply  t h e  r e g i o n a l  curve  t o  a  p a r t i c u l a r  

s t ream,  a  r e l a t i o n s h i p  between t h e  mean f l o o d ,  Qm, and some par-  

ameter of t h e  d ra inage  b a s i n  i s  needed. Other s t u d i e s  s i m i l a r  t o  

t h e  p r e s e n t  one have r e l a t e d  Qm t o  such f a c t o r s  a s  percen tage  of 

t h e  d ra inage  a r e a  covered by l a k e s  and swamps; parameters  d e s c r i b -  

i n g  s u r f i c i a l  geology; parameters  d e s c r i b i n g  v e g e t a t i o n  and land  

use ;  and parameters  d e s c r i b i n g  s l o p e  and r e l i e f .  The most 

important  v a r i a b l e  however, and one t o  which a l l  t h e  r e s t  a r e  

a n c i l l a r y ,  i s  a r e a  of d ra inage  b a s i n ,  AD,  and t h i s  has  been 

s e l e c t e d  f o r  use  h e r e ,  a l though  knowledge of t h e  o t h e r  f a c t o r s  

can be of h e l p  i n  exp la in ing  anomalies.  Data p o i n t s  f o r  t h e  

s e l e c t e d  s t reams  a r e  p l o t t e d  i n  F ig .  9 a s  loglO mean f lood  (Qm) 

i n  c . f . s .  v s  loglO d ra inage  b a s i n  a r e a  (AD) i n  square  m i l e s .  I t  

i s  u s u a l  t o  exp res s  t h e  r e l a t i o n s h i p  between Qm and AD a s  a curve  

of t h e  form, 
n  Qm = a.A D 

and by us ing  logar i thms  of t h e  d a t a  t h i s  can be drawn a s  a  s t r a i g h t  

l i n e .  The b e s t  average f i t  f o r  t h e  a v a i l a b l e  d a t a  can be computed 

and va lues  of a  and n  ob ta ined .  However, s i n c e  maximum runof f  i s  

a  more c r i t i c a l  measure of s u r f a c e  water  behaviour t han  average 

r u n o f f ,  an "envelope" l i n e  has  been drawn i n  F ig .  9 t o  cover most 

f l ood  con t ingenc ie s .  I n  t h i s  c a s e ,  

a  = 2 3 . 4  and n  = 0.8 

Only t h e  Swan and Eas t  P r a i r i e  Rivers  a r e  o u t s i d e  t h e  range of 

t h i s  l i n e  ( t h e  l a t t e r  on ly  s l i g h t l y  s o )  bu t  t h i s  i s  j u s t i f i e d  by 



t h e i r  b a s i n s  having d i f f e r e n t  f o r e s t  c o v e r  and s t e e p e r  topography 

t h a n  t h e  t a r  sands  r e g i o n  (see A t l a s  of A l b e r t a ) .  

5 . 3  Flood Freuuencv Curves  f o r  S t reams  of  t h e  S tudv  Area 

From t h e  measured a r e a s  o f  d r a i n a g e  b a s i n s  of  t h e  

v a r i o u s  s t r e a m s  of  t h e  s t u d y  r e g i o n  it i s  p o s s i b l e  t o  e s t i m a t e  

maximum d i s c h a r g e  by means of t h e  "envelope"  c u r v e  of  F i g .  9. 

Then, u s i n g  t h e  a v e r a g e  r e g i o n a l  s l o p e  of F i g .  8 ,  c u r v e s  f o r  peak 

d i s c h a r g e  v s  f r equency  c a n  be  c o n s t r u c t e d  f o r  t h e  v a r i o u s  s t r e a m s .  

T h i s  i s  done i n  F i g .  10  i n  which t h e  s l o p e  of  t h e  d i f f e r e n t  

c u r v e s  i s  g i v e n  by F i g .  8 and t h e i r  v e r t i c a l  p o s i t i o n  by F i g .  9. 

Because 1972 and 1973 a r e  b e l i e v e d  n o t  t o  have  

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

might  be  expec ted  t o  f a l l  c l o s e  t o  t h e  5 0 %  f requency  l i n e  f o r  

a l l  s t r e a m s .  I n  most c a s e s  F i g .  10  d o e s  n o t  show t h i s  t o  b e  t h e  

c a s e  -- t h e  f l o o d  v a l u e s  r e c o r d e d  f o r  P o p l a r  Creek and Creeks  1, 

2 ,  and 4 i n  t h e s e  y e a r s  f a l l i n g  w i t h i n  t h e  20% of  d r y e s t  y e a r s .  

T h i s  i s  p robab ly  caused  by t h e  predominance of  l a c u s t r i n e  

s u r f i c i a l  d e p o s i t s  o v e r  till and t h e  a b s e n c e  o f  swamps and muskeg 

i n  t h e s e  b a s i n s .  I t  would t h e r e f o r e  s e e m  t h a t  r e l a t i n g  f l o o d  

r u n o f f  t o  a r e a  of b a s i n  a l o n e  i s  d e f i c i e n t ,  and t h a t  more d e t a i l e d  

work on t h e  r e l a t i o n s h i p  between Qm and AD ( a s  o u t l i n e d  below) 

might  j u s t i f y  a  lower ing  of t h e  c u r v e s .  

I n  t h e  absence  of  more e x t e n s i v e  d a t a ,  t h i s  c o n t r i -  

b u t i o n  cou ld  n o t  be  measured.  I t  would b e  p o s s i b l e  however t o  

make one u s e f u l  m o d i f i c a t i o n  t o  F i g .  9  u s i n g  e x i s t i n g  d a t a .  The 

f l o o d s  on which t h e  r e g i o n a l  f r equency  c u r v e  i s  based a r e  approx i -  

m a t e l y  e v e n l y  d i v i d e d  between r a i n  and snowrnelt f l o o d s ,  b u t  

i n s p e c t i o n  of  Tab le  5 r e v e a l s  t h a t  t h e  l a r g e s t  f l o o d s  a r e  a l m o s t  

always r a i n  f l o o d s ,  s u g g e s t i n g  t h a t  r a i n  f l o o d i n g  a l o n e  would be  

a  b e t t e r  b a s i s  f o r  a  r e g i o n a l  f l o o d  f r e q u e n c y  c u r v e .  The expec ted  

r e s u l t  would be  a  lower ing  and s t e e p e n i n g  of  t h e  f r e q u e n c y  c u r v e s  

of  F i g .  10.  
30 
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5 . 4  Water Yie ld  

Areas comparable w i t h  Crown Lease No. 17 have wa te r  

y i e l d s  r ang ing  from t h e  2.23 i n c h e s  p e r  yea r  of  t h e  FJabasca River  

t o  t h e  7.28 i n c h e s  p e r  yea r  of t h e  Swan River  (see Tab le  5 ) .  

Reference  t o  maps of  mean annua l  p r e c i p i t a t i o n  i n d i c a t e s  t h a t  t h e  

Swan, E a s t  P r a i r i e  ( C e n t r a l  Swan H i l l s )  and Hangingstone b a s i n s  

a r e  l i k e i y  .to have somewhat h i g h e r  r uno f f  t h a n  t h e  a r e a  o f  Crown 

Lease KO.  17 ,  wh i l e  t h e  t r i b u t a r i e s  t o  t h e  Hay, S l a v e ,  an6  Peace 

R ive r s  shou ld  be on t h e  low s i d e .  The Wabasca b a s i n  must be 

d i s c o u n t s d  s i n c e  it i s  found t o  have an  unusua l l y  low y i e l d ,  

p robab ly  a r i s i n g  from one o r  more of  t h e  fo l l owing :  p o o r l y  

d r a i n e d ,  f l a t  t e r r a i n ;  e x t e n s i v e  a r e a s  w i t h  i n t e r n a l  d r a i n a g e ;  

and l a r g e  a r e a s  of  deep muskeg o r  swamp. hence ,  t h e  long  t e r m  

mean y i e l d  of Crown Lease KO.  17 may be expec ted  t o  be b e s t  

r e p r e s e n t e d  by t h e  S a u l t e a u x ,  W e s t  P r a i r i e ,  C l ea rwa t e r ,  and 

Richardson R ive r s ,  and w i l l  p robab ly  f a l l  i n t o  t h e  r ange  of  4 t o  

5 i n c h e s  pe r  y e a r ,  b u t  s u b j e c t  t o  l a r g e  l o c a l  v a r i a t i o n s  depending 

mainly  on v e g e t a t i o n  and s u r f i c i a l  geology.  The upper ,  till- 

covered b a s i n s  a r e  l i k e l y  t o  have t h e  h i g h e s t  y i e l d .  

S i n c e  Sync rude ' s  wa te r  supp ly  w i l l  be independen t  

of  l o c a l  wa te r  s o u r c e s ,  t h e  v a r i a t i o n  of wa te r  y i e l d  between 

y e a r s  ha s  n o t  been examined: b u t  a s  a  rough i n d i c a t i o n  o f  t h e  

p robab le  d i s t r i b u t i o n  of  r uno f f  on Crown Lease 1 7 ,  F ig .  11 shows 

t h e  v a r i a t i o n  of runof f  i n  t h e  E a s t  P r a i r i e  River .  The runo f f  

v a l u e s  used i n  t h e  p l o t  a r e  based on t h e  pe r i od  March 1 t o  

October 31  on ly .  



RETURN PERIOD, years 

PERCENT OF YEARS 

F i g u r e  11 Probab le  D i s t r i b u t i o n  o f  R u n o f f  
(Based on E a s t  P r a i r i e  R i v e r )  



6.  REFINEMENT OF THE FLOOD FREQUENCY CURVES 

THROUGH APPLICATION OF 1973 

STREAM GAUGING DATA 

6 .1  1973 Stream Gauging Program 

Because such  f a c t o r s  a s  r e l i e f  and s u r f i c i a l  

geology i n f l u e n c e  r u n o f f  and hence  t h e  r e l a t i o n s h i p  between Q m 
and AD i n  a  way t h a t  i s  i m p e r f e c t l y  u n d e r s t o o d ,  t h e  f l o o d  

f requency  c u r v e s  of F i g .  10  c a n n o t  b e  a c c e p t e d  w i t h o u t  f u r t h e r  

examina t ion .  I n  p a r t i c u l a r ,  t o  make t h e  f l o o d  f r e q u e n c y  c u r v e s  

more a c c u r a t e ,  it i s  n e c e s s a r y  t h a t  t h e y  b e  a d j u s t e d  by r e f e r e n c e  

t o  a c t u a l  r u n o f f  measurements i n  t h e  s t u d y  a r e a .  Accord ing ly ,  i n  * 
t h e  summer of  1973, seven  s t a f f  gauges  w e r e  i n s t a l l e d ,  l o c a t e d  

a s  shown i n  F i g .  1. The s t r e a m s  w e r e  c l e a r e d  of  d e b r i s  downstream 

of t h e  gauges t o  a s s u r e  r e a s o n a b l y  c o n s t a n t  s t a g e - d i s c h a r g e  

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

Beaver Creek s i t e  ( n e a r  t h e  ups t ream boundary of  t h e  l e a s e )  t o  

pe rmi t  d i s c h a r g e  measurements d u r i n g  f l o o d  f l o w s .  The gauges  

w e r e  r e a d  by LGL o r  Syncrude p e r s o n n e l  a t  somewhat i r r e g u l a r  

i n t e r v a l s  of  1 t o  5 d a y s .  Before  t h e  program was s t a r t e d  t h e  

gauges w e r e  c a l i b r a t e d  t o  g i v e  s t r e a m  d i s c h a r g e  ( c . f . s . )  us gauge 

r e a d i n g  ( f e e t ) :  t h e  r e l a t i o n s h i p s  o b t a i n e d  a r e  p l o t t e d  i n  

Appendix 1. No r e l i a b l e  c a l i b r a t i o n  c o u l d  b e  o b t a i n e d  f o r  Br idge  

Creek because  t h e  c h a n n e l  s h i f t e d  s e v e r a l  t i m e s  d u r i n g  f l o o d s .  

The d a t a  from t h e  gauge r e a d i n g s  a r e  p l o t t e d  i n  F i g .  1 2 .  

Some g e n e r a l  c o n c l u s i o n s  may be  drawn from t h e  

s t r e a m  gauging program. 

1. A l l  s t r e a m s  responded t o  p r e c i p i t a t i o n  i n  a  s i m i l a r  manner,  

w i t h  t h e  e x c e p t i o n  of Mildred  Creek whose b a s i n  i s  t h e  o n l y  

9: 
See Glossary 



Figure 12 Hydrographs and Hytographs -April  t o  August, 1973 



one w i t h  a l a r g e  p r o p o r t i o n  of l a k e  s t o r a g e  (8.6% of b a s i n  

a r e a  i s  l a k e  s u r f  a c e )  . 
2 .  Snowmelt does  n o t  appear  t o  have caused  a noteworthy f l o o d  

peak du r ing  1973. Rain-caused runof f  d u r i n g  June ,  J u l y ,  and 

August ,  c o n s i d e r a b l y  exceeded t h e  snowmelt of  l a t e  A p r i l .  

3.  The h i g h e s t  r uno f f  occu r r ed  i n  mid-June a s  a r e s u l t  o f  a 

r e l a t i v e l y  minor r a i n s t o r m  f a l l i n g  on w e t  b a s i n s .  The 

h e a v i e r  s torm of August 5 and 6 f a i l e d  t o  produce h i g h  r u n o f f ,  

due t o  t h e  b a s i n s  be i ng  much d r i e r .  

Conclus ion 3 above exposes  t h e  d i f f i c u l t y  a s s o c i a t e d  

w i t h  u s ing  one y e a r ' s  r e a d i n g s  t o  make g e n e r a l  assumpt ions  abou t  

s u r f a c e  wa te r  behav iour .  Drainage b a s i n s  do n o t  respond i n  a 

c o n s t a n t  manner a cco rd ing  t o  t h e  p r e c i p i t a t i o n  f a l l i n g  upon them: 

account  must be t aken  o f  t h e  we tness  o r  d r y n e s s  of  t h e  b a s i n s  

themse lves  a t  t h e  t i m e  t h a t  p r e c i p i t a t i o n  i s  be ing  measured. 

The re fo r e ,  a l t hough  t h e  s t ream gauging program of 1973 f o r  t h e  

f i r s t  t ime provided runo f f  d a t a  f o r  t h e  c r e e k s  of  t h e  s t u d y  a r e a ,  

it was nece s sa ry  t o  d e c i d e  how f a r  t h e  c o l l e c t e d  d a t a  w e r e  t y p i c a l .  

6.2 P r e c i p i t a t i o n  

Because long-term r e c o r d s  of  p r e c i p i t a t i o n  e x i s t  

f o r  t h e  F o r t  McMurray a r e a ,  t h e y  may be used i n  e s t i m a t i n g  t h e  

t y p i c a l i t y  of 1973. 

6 . 2 . 1  T o t a l  P r e c i p i t a t i o n  

P r e c i p i t a t i o n  f o r  summer 1973 f o r  s e l e c t e d  meteoro-  

l o g i c a l  s t a t i o n s  i s  reproduced i n  Tab le  6. Hydro log i ca l l y ,  t h i s  

p e r i o d  appea r s  t o  have been unexcep t i ona l  because  heavy summer 

p r e c i p i t a t i o n  was ba lanced  by low s p r i n g  r u n o f f .  Tab le  6 shows 



how May t o  August s u f f e r e d  from abnormal ly  h i g h  r a i n f a l l ,  t h e  

t o t a l  p r e c i p i t a t i o n  exceeding t h e  cor responding  long-term mean 

by from 4.46 i n c h e s  (Muskeg Lookout) t o  7.34 i n c h e s  ( F o r t  McMurray 

A i r p o r t ) .  I f  it i s  assumed t h a t  p r e c i p i t a t i o n  f o r  t h e  remainder  

of  t h e  y e a r  w a s  more o r  less normal,  t h e  r e t u r n  p e r i o d  of such a  

w e t  summer would be  between 8 and 40 y e a r s  a cco rd ing  t o  F i g .  3.  

To be  more p r e c i s e ,  based on t h e  d a t a  f o r  Thickwood Lookout,  Tar  

I s l a n d ,  and Mildred Lake, a r e t u r n  p e r i o d  of  10  y e a r s  appea r s  

l i k e l y .  

6 .2 .2  Rains torms 

The h igh  t o t a l  p r e c i p i t a t i o n  of  summer 1973 was 

t h e  r e s u l t  of  f r e q u e n t  r a i n  of r e l a t i v e l y  low i n t e n s i t y  d u r i n g  

l a t e  May, June ,  and e a r l y  J u l y ,  r a t h e r  t h a n  of heavy i n d i v i d u a l  

s torms.  While t h e r e  w e r e  some heavy s to rms  i n  t h e  wider  McMurray 

a r e a  d u r i n g  t h e  summer of  1973 (e .g .  3.42 i n c h e s  i n  24 hours  a t  

Muskeg Lookout ) ,  no unusua l l y  i n t e n s e  s to rms  appear  t o  have 

occu r r ed  i n  t h e  p a r t i c u l a r  l o c a l i t y  of  t h e  Beaver o r  Pop l a r  b a s i n s  

Tab le  6 ,  i n  c o n j u n c t i o n  w i t h  F i g .  5 ,  i n d i c a t e s  t h a t  t h e  h e a v i e s t  

v a l u e s  of  24 hour p r e c i p i t a t i o n  observed i n  1973 a t  Tar  I s l a n d ,  

Thickwood Lookout,  and Mildred Lake (August 5 )  have r e t u r n  p e r i o d s  

of  3 t o  4 y e a r s .  However, t h i s  s torm would n o t  be  expec ted  t o  

produce h i g h  runo f f  s i n c e  it was preceded by 20 d a y s ,  and fo l lowed  

by 2 days ,  of d r y  wea ther ,  c aus ing  t h e  h y d r o l o g i c a l  e f f e c t  t o  be 

modi f i ed .  From b o t h  an e c o l o g i c a l  and a  mining p o i n t  of view 

s to rms  a r e  of  g r e a t  i n t e r e s t  because  t hey  r e p r e s e n t  moments o f  

crisis  f o r  t h e  a r e a .  I l l - c o n s i d e r e d  i n t e r f e r e n c e  w i t h  t h e  n a t u r a l  

d r a i n a g e  system cou ld  expose t h e  mine s i t e  and p o r t i o n s  of  t h e  

environment t o  i nunda t i on .  Hence, c o r r e c t l y  t o  match t h e  a c t u a l  

f l o o d  runo f f  o f  1973 w i t h  t h e  g e n e r a l  cu rve s  o f  F i g .  1 0 ,  it i s  

impor t an t  t h a t  a l lowance be  made f o r  any unusua l  d r y n e s s  of  t h e  

b a s i n s  r e c e i v i n g  t h e  p r e c i p i t a t i o n .  
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Mean 24-hour p r e c i p i t a t i o n  r a t e s  f o r  t h e  s tudy  

a r e a  were c a l c u l a t e d  from p r e c i p i t a t i o n  d a t a  from surrounding 

r a i n  gauge s t a t i o n s .  The d a t a  was weighted f o r  a r e a  u s ing  * 
Thiessen Polygons . A t h e o r e t i c a l  maximum 24-hour runof f  could 

be computed from t h i s  mean p r e c i p i t a t i o n  d a t a .  The t h e o r e t i c a l  

maximum assumes t h a t  t h e r e  are no l o s s e s  and no s t o r a g e ,  and t h a t  

t h e  response t ime i s  about 24 hours .  Of i n t e r e s t  a r e  two s torms 

of summer 1973 -- t h o s e  of June 15 (mild storm) when t h e  d ra inage  

b a s i n s  w e r e  w e t ,  and August 5 (heav ie r  storm) when t h e  b a s i n s  

w e r e  d ry .  Table  7 l is ts  t h e  t h e o r e t i c a l  maximum r u n o f f s  f o r  

c r e e k s  of t h e  s tudy  a r e a  a s  c a l c u l a t e d  from Thiessen  Polygons, 

t oge the r  w i th  observed runof f  v a l u e s  and runof f  c o e f f i c i e n t s  ( i .e .  

t h e  r a t i o  of t h e o r e t i c a l  t o  observed r u n o f f ) .  The r e s u l t s  a r e  

both  s a t i s f a c t o r y  and i n t e r e s t i n g  i n  t h a t  f o r  every  s t ream,  t h e  

runof f  c o e f f i c i e n t  i s  from 3  t o  6 t i m e s  h igher  f o r  t h e  mild  

June s torm than  f o r  t h e  heav ie r  storm i n  August. Furthermore,  

t h e  v a r i a t i o n s  between b a s i n s  a r e  i n  agreement w i th  t h e  f i n d i n g s  

d i sp l ayed  i n  F ig .  12. 

C a l c u l a t i n g  maximum t h e o r e t i c a l  runof f  f o r  each 

b a s i n  r e v e a l s  t h a t  s imple  runof f  r e s u l t s  f o r  any one year  may 

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

and d ra inage  s i n c e  t h e  s t a t e  of t h e  b a s i n s  g r e a t l y  a f f e c t s  

s u r f a c e  wate r  behaviour.  To be s a f e ,  one should cons ide r  what 

would happen i f  t h e  heav ie r  r a i n s t o r m  of August 5 ( 3  year  r e t u r n  

pe r iod )  had occur red  when t h e  b a s i n s  were a s  w e t  a s  t h e y  were i n  

June. C l e a r l y ,  t h e  r e t u r n  pe r iod  f o r  runoff  on t h i s  occas ion  

must be more than  3  yea r s  s i n c e  such a  storm f a l l i n g  on d r i e r  

b a s i n s  would g i v e  a r e t u r n  per iod  of only  3  yea r s .  Y e t ,  accord ing  

t o  F ig .  1 0  runof f  rates computed from t h e o r e t i c a l  runof f  maxima 

s t i l l  g i v e  r e t u r n  pe r iods  of less t h a n  2 y e a r s ,  which i s  f u r t h e r  

evidence t h a t  t h e  curves  of F ig .  1 0  a r e  set t o o  h igh .  

* 
See Glossary 



TABLE 7 - RUNOFF COEFFICIENTS FOR TWO STORMS, 1973 

Basin Drainage Mean RUNOFF Mean RUNOFF Peak flow Peak flow 
Area 24-Hr. Theoretical Runoff 24-Hr. Theoretical Runoff for Aug. 5 for 

Precip. Maximum Observed Coefficient Precip. Maximum Observed Coefficient storm 5-vear 
June i5 (Observed/ Aug. 5 

Theoretical) 
(Observed/ assumed to storm 
Theoretical) occur 

June 15 

(sq.mi.) (in.) (cfs) (cfs) % (in.) (cfs) (c fs )  % 

Beaver Ck. 177.3 0.79 3,770 715 19 1.7 8,100 475 5.9 1,700 1.900 

Poplar Ck. 54.9 0.57 842 194 2 3 1.5 2,220 106 4.8 560 720 

Creek t l  5.8 0.7 109 15 14 1.9 296 9 3.0 4 1 44 

Creek 443 13.3 0.7 250 58 2 3 1.9 679 2 4 3.5 156 160 

I3c';iver Ck. 
above 101.2 
Creek 84 



6.3 Final Adiustment of the Flood Freuuencv Curves 

As a first approximation to improved flood 

frequency curves it could be assumed that the wet basins of June 

1973 would give a runoff return period at least as high as that 

of the precipitation falling on them. For ease of plotting, a 

rainstorm with a return period of 5 years was selected (2 in./24 

hr. at Tar Island and Mildred Lake, and 2.4 in./hr. at Thickwood 

Lookout). The stream discharge for a corresponding runoff return 

period of 5 years was estimated by extrapolating the hydrographs 

of Fig. 12. These discharge values were then used to obtain the 

adjusted flood frequency curves of Fig. 13. Because the 1973 

peak flows at once assume reasonable positions, it may be claimed 

that the adjustment is vindicated, and that the adjusted flood 

frequency curves give a plausible summary of possible hydrological 

events in the study area, but at the same time offering a fair 

margin of safety. 



RETURN PERIOD, years 

2  3 4 5  10 20 50 

PERCENT OF YEARS 

F i g u r e  13 Adjusted Flood Frequency Curves 



7 .  CONCLUSION 

The monograph h a s  g i v e n  p r e l i m i n a r y  f l o o d  f r e -  

quenc i e s  f o r  s t r e ams  o f  Lease No. 17  i n  n o r t h - e a s t e r n  A l b e r t a .  

These v a l u e s  have had t o  be  d e r i v e d ,  d i r e c t l y  from 1 y e a r ' s  d a t a  

f o r  streams on t h e  l e a s e ,  and i n d i r e c t l y  from s t r eams  i n  o t h e r  

a r e a s  of  n o r t h e r n  A l b e r t a .  I n  a l l  c a s e s ,  t h e  r e c o r d  i s  t o o  s n o r t  

f o r  r i g o r o u s  f l o o d  f r e q u e n c i e s  t o  be  c a l c u l a t e d ,  and f o r  t h i s  

r e a son  t h e  f l o o d  f r e q u e n c i e s  o f  F i g u r e  13  have been p r epa red  from 

a n  "envelope"  o r  wor s t  c a s e  runo f f  t o  e n s u r e  t h a t  t h e  d i v e r s i o n  

scheme f o r  Beaver Creek i s  des igned  w i t h  adequa t e  c a p a c i t y  f o r  

a l l  f o r s e e a b l e  f l o o d s .  

Readers who wish t o  keep informed of  subsequen t  

h y d r o l o g i c a l  s t u d i e s  i n  t h e  t a r  sand r e g i o n  may c o n t a c t  t h e  I n l a n d  

Water D i r e c t o r a t e  of  Environment Canada. The A l b e r t a  a d d r e s s  i s ,  

700 - 110 - 12  Avenue S.W. 

CALGARY, A l b e r t a  

T2R 0G7 

Th i s  o r g a n i z a t i o n  i s  funded e q u a l l y  by t h e  A l b e r t a  and Canadian 

F e d e r a l  Governments and i s  r e s p o n s i b l e ,  amongst o t h e r  t h i n g s ,  f o r  

c o l l e c t i n g  s t r e am runo f f  d a t a .  Because o f  i n c r e a s e d  i n t e r e s t  i n  

t h e  ecology of t h e  t a r  sands  r e g i o n  1 3  new gauging s t a t i o n s  w e r e  

i n s t a l l e d  i n  1975 on t r i b u t a r i e s  o f  t h e  Athabasca R ive r ,  t o  

supplement t h e  10 s t a t i o n s  a l r e a d y  o p e r a t i n g  i n  t h e  r e g i o n .  The 

new s t a t i o n s  began t o  produce "raw" d a t a  i n  August ,  1975 and t h i s  

i s  expected  t o  be  a v a i l a b l e  i n  "p rocessed"  form by March, 1976. 

Assembled runo f f  d a t a  i s  pub l i shed  by Environment Canada: 

a )  a n n u a l l y  i n ,  

"Su rp lu s  Water Data -- ~ l b e r t a "  ( a s  p a r t  o f  t h e  W a t e r  S u r v e y  

of Canada)  



b) approx imate ly  every  3 y e a r s  i n ,  

S u r f a c e  Water  Data R e f e r e n c e  I n d e x .  T h i s  was l a s t  i s s u e d  i n  

1974 and t h e  nex t  v e r s i o n  w i l l  p robab ly  appear  i n  1976. Each 

i s s u e  i s  a  complete h i s t o r i c a l  l i s t i n g  o f  a v a i l a b l e  d a t a  and 

hence supercedes  t h e  p r e v i o u s  e d i t i o n .  

Requests  f o r  d a t a  on i n d i v i d u a l  s t r e ams  shou ld  be  add re s sed  t o  

t h e  I n l a n d  Water D i r e c t o r a t e .  

Syncrude Canada L t d .  c o n t i n u e s  t o  moni tor  t h e  f low 

of  Beaver Creek. The Company i s  a l s o  invo lved  i n  t h e  "Regional  

Hydro log ica l  Study,  McMurray O i l  Sands Area,  A l b e r t a " ,  a s  a  

member of t h e  O i l  Sands Environmental  Study Group (OSESG). Phase 

I pub l i shed  on October 1, 1974 was o rgan i zed  under t h e  d i r e c t i o n  

of J . C .  Sprou le  and A s s o c i a t e s  L t d . ,  Ca lga ry ,  A lbe r t a .  

With r e s p e c t  t o  c l ima to logy ,  Syncrude ha s  commissioned 

an upper atmosphere d i s p e r s i o n  c l ima to logy  s t udy .  The p r i n c i p a l  

aim of t h e  s t udy  i s  t o  assess t h e  d i s p e r s i o n  behaviour  o f  e f f l u e n t  

g a s e s  from t h e  p r o j e c t e d  manufac tu r ing  p l a n t ,  b u t  it w i l l  

i n c i d e n t a l l y  p rov ide  i n f o r m a t i o n  abou t  f a c t o r s  a f f e c t i n g  p r e c i p i -  

t a t i o n  measurements,  and t h e  r e s u l t s  a r e  i s s u e d  t o  t h e  p u b l i c  v i a  

t h e  Department of t h e  Environment,  and Environment Canada. 
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GLOSSARY 

C r e s t  Gauge -- a  d e v i c e  t h a t  r e c o r d s  t h e  h i g h e s t  w a t e r  l e v e l  o c c u r r i n g  a t  a  
f i x e d  l o c a t i o n  on a  s t ream.  The s t a f f  model is  s imply a  v e r t i c a l  r u l e  set  
i n  t h e  s t r e a m  bed .  The gauge i s  watched by a n  o b s e r v e r  who r e c o r d s  t h e  v a l u e  
of t h e  h i g h e s t  c r e s t .  

Flood Frequency Curves -- a  method of r e p o r t i n g  t h e  f requency  w i t h  which a  
f l o o d  of a c e r t a i n  magnitude i s  r e p e a t e d .  Such c u r v e s  may be  used t o  show 
t h e  f requency  of p r e c i p i t a t i o n  o r  ground runof f  e v e n t s .  The v e r t i c a l  a x i s  
r e p r e s e n t s  p r e c i p i t a t i o n  o r  runof f  and t h e  h o r i z o n t a l  a x i s  t a k e s  two forms -- 
Return  P e r i o d ,  and P e r c e n t  of Years .  

Re turn  Per iod  

Flood ( P r e c i p i t a -  

t a t i o n  o r  Runoff)  

50 9 8 
P e r c e n t  of Years  

Re turn  P e r i o d  i s  t h e  l e n g t h  of t ime  ( u s u a l l y  i n  y e a r s )  t h a t  w i l l  e l a p s e  b e f o r e  
a  f l o o d  of u p  t o  and i n c l u d i n g  a  g i v e n  i n t e n s i t y  w i l l  be r e p e a t e d ,  and 
P e r c e n t  of Years e x p r e s s e s  t h e  same i n f o r m a t i o n  b u t  a s  t h e  number of y e a r s  
p e r  hundred i n  which such a  f l o o d  w i l l  o c c u r .  Data a r e  n o t  u s u a l l y  a v a i l a b l e  
f o r  a n  e n t i r e  c e n t u r y ,  b u t  may b e  averaged over  t h e  p e r i o d  f o r  which r e c o r d s  
e x i s t .  

A f l o o d  w i t h  a  r e t u r n  p e r i o d  of 2 y e a r s  w i l l  occur  50 t i m e s  pe r  hundred 
y e a r s  on average  ( p e r c e n t  of y e a r s  = 5 0 ) .  A r e t u r n  p e r i o d  as h i g h  as 50 y e a r s  
i n c l u d e s  a l l  f l o o d s  up t o  and i n c l u d i n g  t h e  50 y e a r  v a l u e .  S i n c e  s u c h  f l o o d s  
w i l l  f a i l  t o  occur  on ly  2 y e a r s  o u t  of every  100 on a v e r a g e ,  a  r e t u r n  p e r i o d  
of 50 y e a r s  is  e q u i v a l e n t  t o  a  p e r c e n t  of y e a r s  v a l u e  of 98 p e r c e n t .  



I sohye ta l  Map -- i l l u s t r a t e s  t h e  g rad ien t  of p r e c i p i t a t i o n  w i t h i n  a storm. 
R a i n f a l l  d a t a  a r e  c o l l e c t e d  from s e v e r a l  po in t s  over which t h e  storm i s  
i s o l a t e d  and "contours" of i n t e n s i t y  a r e  drawn by jo in ing  p o i n t s  of equal  
p r e c i p i t a t i o n .  

Thiessen Polygons -- because of i r r e g u l a r i t i e s  i n  r a i n  gauge spacing,  t h e  
quan t i t y  of r a i n  f a l l i n g  on an  a r e a  wi th  s e v e r a l  gauges must be equal ized by 
r e fe rence  t o  t h e  a r e a  served by each gauge. The gauging s t a t i o n s  a r e  l oca t ed  
on a map, connect ing l i n e s  drawn, and perpendicular  b i s e c t o r s  of t h e  connect ing 
l i n e s  cons t ruc ted  t o  form a polygon about each s t a t i o n .  Each polygon i s  
considered a s  t h e  a r e a  feeding t h e  gauge t h a t  i t  surrounds. 

Mean p r e c i p i t a t i o n  over a n  a rea  = (Reading x Area) . . . . . (Reading x ~ r e a ~ )  . 
1 n 

T o t a l  Area 
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