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ABSTRACT 

T h i s  s t u d y  e x a m i n e s  t h e  i a p a c t  o f  u r b a n i z a t i d n  o n  p e a k  f l o w s  i n  

the Lower # a h l a n d  of British C o l u m b i a .  Due t o  the s h o r t  term 

o f  records a v a i l a b l e  f o r  the s e l e c t e d  w a t e r s h e d s ,  a c o m p a r a t i v e  

a p p r o a c h  is used t h r o u g h o u t  the s t u d y .  

F o u r  w a t e r s h e d s  mere selected from t h e  Lower  m a i n l a n d  of 

British Columbia :  t w o  from t h e  C i t y  of V a n c o u v e r  and a n o t h e r  

p a i r  from t h e  Municipality of SPrrey.  For t h e  p u r p o s e  of  this 

study, the c h o s e n '  watersheds d i f f e r  i n  terms of the deqree of 

u r b a n i z a t i o n ,  R a i n f a l l ,  sewerflow a n d  streamf low r e c o r d s ,  maps  

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

. a q e n c i e s .  

The a n a l y t i c  t oo l s  used f o r  d e t e r m i n i n g  t h e  u r b a n i z a t i o n  i m p a c t  

o n  peak f l o w s  were the u n i t  h y d r o q r a p h ,  d i s t r i b u t i o n  q r a p h  and 

r u n o f f  coefficient. The r e s u l t s  obtained a r e  t h e n  c o m p a r e d  w i t h  - 

t h e  u r b a n i z a t i o n  i n d e x  ( i m p e r v i o u s 1  c o v e r )  b e t v e e n  w a t e r s h e d s .  

.. 
A l t h o u q h  the p r i n c i p a l  c o n c l u s i o n  i s ' t h a t  urbanization does P d 

have a c o n s i d e r a b l e  impact on peak, flows, i t  s h o u l d  be noted - 

t h a t ,  this i s  more m e a n i n g f u l  when o t h e r  ~hinqs a r e p a s s u n l e d  - - 

c o n s t a n t ,  - T h i s  i s  b e c a n s e  of the u n i q u e n e s s  of e a c h  i n d i v i d u a l  

w a t e r s h e d  i n  terms of g e o m o r p h o l o q i c  a n d  m o r p h o l o q i c  



suqqes t e d  t h a t  compalsison~s of 

L e a s o n a l  variations be made on the storm runoff c h a r a c t e r i s t i c s  l 

because the compar i son  may improve the u n d e r s t a n d i n s  of the 

effectiveness of u r b a n i z a t i o n  on peak flows, 
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CHAPTER ONE 

I t3TRODUCTION 

1.1 General 

I n  recent years, p o p u l a t i o n  i n  urban areas h a s  b e e n  r i s inq  and 

t h i s  has  been attributed iuainly  to increased i n d u s t r i a l i z a t i o n ,  

The consequent  movement of p e o p l e  from rural to urban areas h a s  

cause a phencmenal increase in urban spread [Sarma, e t  a l ,  

1369) .  It was est imated,  for i n s t a n c e ,  t h a t  by t h e  year 2000, 

B O X  of t h e  p o p u l a t i o n  i n  the U n i t e d  S t a t e s  of America w ou ld  

reside i n  urban areas (Brater aria Sangal 1969) .  I n  Canada, t h e  

nrban p o p n l a t i o n  h a s  increased fro@ 50% to 75% of the t o t a l  

p o p n l a t i o n  since 1950 (Waller 1977) . 

The concentration of urban p o p u l a t i o n  brings a b o u t  n o t  only 

social. and econosie problems  b u t  also physical ones: for 

example, the task of rneetilrg a heavy demand for water for 

i n d n s t r i a l  and domestic purposes, brinqinq a b o u t  a c o n c o r n i t t a p  

increase i n  t h e  p l a n n i ~ q  and c o n s t r u c t i o n  of water s u p p l y  and , 

d r a i n a s e  f a c i l i t i e s  ( S a v i n i  and Kammerer 136 I ) ,  A l d i t i o n a l l y ,  

the natoral water balance is altered and d i s p o s a l  of wastes & y  

c mtaainate streams and qroundvater . 



From the h y d r o l o q i c a l  "r ieupoint ,  man's i m p a c t  is nowhere more 
-% 
9 

in$*ns ive  than i n  urban a r e a s  (McPherson 1 9 7 7 ) .  Urban 
i 

de>v,elopment prodncgs i n e v i t a b l e  chanqes i n  land u s e  and 

c a n f  i g n r a t i o n  of the land s u r f a c e  with urban features such a s  

b u i l d i n g s ,  houses, p a r k i n g  l o t s ,  s i d e w a l k s ,  sewers and improved 

n a t u r a l  c h a n e l s  ( R o b e r t s  -1 972)  . These urban s t r u c t u r e s  

increase t h e  impervious cover of an  area and, w i t h  the 

i n s t a l l a t i o n  of sewers or improved natural c h a n n e l s ,  produce 
-?I 

h i q h e r  flood frequencies and f l o o d  p e a k s ,  

1 . 2  Lite r a t n r e  Review 

f- 
\ 

Urbanization may be defined a s  the hnnan habitation and 

deve lopment  of p r e v i o u s l y  u n i n h a b i t e d  l and  (Sarma, et af , 

1969) ;  igs s i g n i f i c a n c e  on t h e  h y d r o l o g y  of the affected a f e a s  

has been  intensively s t u d i e d  i n  r e c e n t  decades. Host 

i n v e s t i q a t o r s  have used the time l a q ,  magni tude ,  and  f r e q u e n c y  

of peak d i s c h a r g e s  t o  detect urbanization inpacts, thouqh t h e  

use of time lag is most common, S a v i p -  and K a m e r e r  ( 1 9 6 1 )  were 

among the f i rs t  to d i s c u s s  the hydrological response to 

u r b a n i z a t i o n  i n  a q e n e r a l  way. This review of the l i terature  

will center on peak discharges, runoff volume and time laq .  

T h e r e  are three major -approaches u n d e r t a k e n  t o  evaf u a t e  t b e  

h y d s o l o q i c a l  impact of urbanizat ion:  a) Hbefore-after1* method; - 
S) s y n t h e t i c  nethud and; c) n p a i r e d  watershedN method, 



a) " B e f o r e - a f t e r n  method--this method involves the a n a l y s i s  of 

long-term streamflow r e c o r d s  for this reflects t h e  c h a n q i n q  

trend i n  discharge and time lag  character is t ics  of a drainaqe 

b a s i n  a n d e r q o i n q .  urban development  (Fiq. 1 .  l a ) .  The m a j o r  

advantaqe of this method is that t h e  basin character is t ics  s u c h  

a s  area, mean b a s i n  s l o p e  and basin shape will remain 
w 

relatively constant which f a c i l i t a t e s  a e t e c t d o n  of any chanqe 

i n  the streamflow c h a r a c t e r i s t i c s  a s  a r e s u l t  of urbanization. 

Chanqes i n  peak discharqes h a v e  b e e n  f r e q m n t l y  d e f i n e d  i n  

terms of the unit hydrograph of the mean annual  f l o o d  ( E s p y ,  

et a l .  1969) .  Seaburn (1969) i n  a study of E&% Meadow C r e e k .  

Nassau Count g ,  compared n n i t  hydroqraphs at d i f f e r e n t  periods 

I1937 t o  1962)  dnrinq the t r a n s i t i o n  of the drailnaqe b a s i n  from 

t h e  r n r a l  to urban c o n d i t i o n s .  T h e  a v e r a g e  peak of the d e r i v e d  

9-hour n n i t  Aydrograph increased •’sola- 313 cfs from 1937- 1 4 4 3  to 

776 cis in 11960-1962, an increase of  a b o u t  2 . 5  times, An 

ana1ysj.s of  t h e  r a i n f a l l - r u n o f f  r e l a t i o n s  for t h e  pre-urban and 

u r b a n  cond i t i ons  shows d irec t  r u n o f f  to have increased from 1 . 1  

to Q . 6  t i a e s  d e p e n d i c g  on the i n d i v i d u a l  storm, 

The first s t n d y  a c t o a l l y  d o c u n e n t i n q  t h e  impact  of u r b a n i z a t i o n  

u s i n q  the unit hydrograph was b y  Van S i c k l e  i n  1962.  Unit 
e' 

hydrographs  were derived by Ban S i c k l e  u s i n q  r e s u l t s  from B r a y s  

i3aysn (Harris County, Texas] for the period J u l y  1 9 3 9  to July 



T i m e  

Fig. l.la Diagram i l lus t ra t ing  the "before-after" urbanization 

on the hydrograph. 



1960 dus inq  which t i r e  the ru ra l  w a t e r s h e d  was s l o u l y  b e i n q  

transformed into an urban.one. The peak of the u n i t  hydrograph  

increased from about 1500 c f s  t o  4800 cfs during these -21 y e a r s  

with t h e  t i n e  l a g  b e i n g  r e d u c e d  froa 12  t o  3 h o u r s .  

B d r a i n a g e  basin of 11.4  sq. krs on +"he N o r t h  Shore of A u c k l a n d  

was examined by Williams (3976) t o  e v a l u a t e  the u r b a n i z a t i o n  

effects on its h y d r o l o g y .  The mean height of the f lood 

hydroqraphs  was found t o  increase d i r e c t l y  w i t h  the percentaqe 

of urban l a n d  from 1963  t o  197 1, A concomittant decrease i n  

t i n e  laq r e s u l t e d  during the same p e r i o d  - f roa  70.6 t o  32.7 

h o u r s .  A l t h o u g h  o n l y  a c o u p l e  of s t u d i e s  h a v e  been d i s c u s s e d  

i n  detail, a l a r q e  number of works have .used t h e  before and 

a f t e r  approach (Anderson 1963; Crippen 1965; Wallinq and 

Gregory 1970; Hollis 1374,  1975 ;  Ichikawa 1 9 7 5 ) .  S i m i l a r  

chanqes ocurred for a l l  before and a f t e r  u r b a n i z a t i o n  
P 

hydroqcaphs  ( t h o u g h  they may v a r y  i n  m a g n i t u d e )  where r u n o f f  

ra tes  were a c c e l e r a t e d  a n d  peak-  f $ow i n c r e a s e d .  S h o r t e r  time . 
laqs  and l a r q e r  volumes of d i r e c t  r u n o f f  were s i ~ u l t a n e o u r l v  

d e t e c t e d .  . 

(b) Synthetic m e t h o d - - t h i s  i n v o l v e s  t h e  nse of s y n t h e t i c  

hydr ographs t o  predict t h e  . h y d r o l o g i c  c o n d i t i o n s  o f  t h e  

watershed prior t o  urban development. T h i s  a p p r o a c h  i s  

undertaken  for t h e  major r e a s o n  t h a t  d a t a  are n o t  a a a i l a b l e  





for an assumed return pe'riod w i t h  storm and physical watershed 

charac terist ics o s i  nq a stepvise mqlti ple regression technique., 
I 

The most important w a t e r s h e d  variable u a s  area followed b y  

i n p e r v i o u s  cover, a n d  f f n a l l  y ,  the "length-slope parameter. The 

equation is: 

where, Q = discharge in cfs;  A = area in sq, n i b ;  3, = l e n q t h  of 

lonqest co l lec tor  i n  mi,; S = slope i n  ft , /mi.;  K = . , 
2 

irnperviops factor, 

Factor K is: 

r P  

where, I = impervious cover in per cent, 

A somewhat similar approach'uas u n d e r t a k e n  by  E s p e p ,  e t  a l e ,  

(1366)  to d e r i v e  a relationship u s i h q  d a t a  from '52 orban and 1 1  

rural u a t e r s h e d s .  The eg ia t ions  rere derived t o  model the peak 

discharge characterist ics under f nture arban, c o n d i t i o n s  ,/ The 

eqnations are: 





Dempstetls equat ion because o f  d i f f e r e n c e s  i n  pedoloqy and 

channel roughness a s  noted by Schnlz and Lopez ( 1 9 7 4 ) .  Hence, 

r e q i o n a l  v a r i a b i l i t y  h a s  t o  be consiaered rather c a r e f u l l y  when 
* /' 

applying e m p i r i c a l l y  derived e q u a t i o n s  a s  a p p r e c i a b l e  errors 

may be i n v o l v e d  i n  n s i n q  theat. 

/ 

(c) comparative watershed m e t h o d & - t h i s  method (also known a s  

*pai.mil v a t e r s h e d n  method) i n v o l v e s  t h e  c o m p a r i s o n  of different 

w a t e r s h e d s  with similar b a s i n  c h a r a c t e r i s t i c s  I P i q .  I .  l b f  . 
RanV s t u d i e s  have been done to evaluate the h y d r o l o q i c a l  

't d i f f e r e n c e s  by c o m p a r i n g  urban  w i t h  r u r a l  watersheds. Stall and 

S a i t h  ( I96  1) compared 2 nnit h y d r o q r a p h s  d e r i v e d  f rom 

watersheds i n  Champaign, I l l i n o i s :  one completely r u r a l  while 

the other, urbanized  w i t h  3 8 . 1 %  impervious cover. Though 

siiailar i n  area, Bean b a s i n  slope and stream c h a n n e l  s h a p e s ,  

t5e nnit hydrograph peak d i s c h a r q e  fro& t h e  u r b a ~  w a t e r s h e d  was 

a p p r o x i s a t e l y  4 times t h a t  for the r u r a l  w a t e r s h e d .  I n  Tokyo, 

Ikuse, et al. (1975) reported a d i f f e r e n c e  i n  peak discharqe of 

5 tiaes for a d e v e l o p e d  Haqayama w a t e r s h e d  compared to i t s  

counterpart, Eessho watershed which  i s  a n a t u r a l  one. 

, 

Vaazlanen (1969)  coapared three s m l l  basins over time t o  

A e t e r a i n e  t h e  h y d r o l o g i c  chanqes o c c u r r i n g  from rural  - t o  

snburban l a n d  use aevelopment.  These b a s i n s  a r e  located n e a r  

the f o o t h i l l s  we& of San F r a n c i s c o  Bay near Palo ~ a t o  

* 



Fig. l.lb Diagram illustrating the  cornparison method. 



- 

C a l i f o r n i a ,  Known a s  t h e  San  F r a e c i s q n i t o  p r o j e c t ,  S h a r o n  C r e e k  

and a S a n  F r a n c i s q u i t o  C r e e k  t r i b u t a r y  were the s u b u r b a n  ones 

w h i l e  Los T r a n c o s  acted a s  a  r u r a l  c o n t r o l .  T h e  r e s u l t s  s h o v e d  

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

u r b a n  deve lopment .  ~ a a n a n e n  c o n c l u d e d  t h a t  t h e r e  was a n  

i n c r e a s e  i n  annual d i s c h a r g e ;  a a o d i f i c a t i o n  of low flow of 

streams r e s u l t i n g  from the i m p o r t a t i o n  o f  wastewater; a n d  a 

d e c r e a s e  i n  q r o u n d u a t e r  r e c h a r g e ,  T h e  increase i n  d i r e c t  r u n o f f  

dne t o  n r b a n  d e v e l o p m e n t  is' shown i n  Pig. 1.2 which i l lustrates 

t h e  p r e c i p i t a t i o n - d i  scharge r e l a t i o n s  from 1959- 1965. 

From the three a p p r o a c h e s  d i s c u s s e d  a b o v e ,  it a p p e a r s  t h a t  t h e  

effect of u r b a n i z a t i o n  on the h y d r o l o q i c  c o n d i t i o n s  h a s  been t o  

a very l a r q e  extent c a r r i e d  out  o n  a macro level, This is t o  , 

s a y  t h a t  c o n t r a s t i n q  land uses were examined  and eva luated ,  

Bost of these s t u d i e s  h a d  used t h e  d e g r e e  of i m p e r v i o u s n e s s  

c a u s e d  b y  r o o f s ,  s i d e w a l k s ,  p a r k i n q  l o t s  and o t h e r  f e a t u r e s  a s  

the* u r b a n i z a t i o n  i n d e x ,  I n d e e d ,  such features s i q n i f i c a n t l y  
I 

i n c r e a s e  t h e  i s p e r v i o u s n e s s  a s  a r e q i o n  u r b a n i z e s . .  Some 

i n q e s t i q a t o r s  however, have  s u q q e s t e d  o t h e r  cri teria s u c h  as 

p o p n l a t i o n  d e n s i t y  (Brater 1968;  Hammer 1973; Dunne and Leopold  

1978). t h e  degree of i n d u s t r i a l  i s a t i o n  o r  d r a i n a q e  d e n s i t y  a n d  

the number of dwellings p e r  u n i t  area (Brater and Sanqal 1969) .  



1 ?% m . v 8 1 

aLor loncor Creek 

L 0 Sharcm Creak 

(developed) 

/ 
/ San Francirquito Creek 

(partly devdoprd) 

Fii. t.2 Frecipttubn - dischrge ruhathr in Son Franchpuito Project, ' 
1959-1965. (oft* Woonann 1969). 

I 



T h e  u r b a n i z a t i o n  index s e l e c t e d  i n  t h i s  thesis i s  t h e  

p e r c e n t a  qe of  i i a p e r v i o n ~  c o v e r ;  t h e r e  a r e  s e v e r a l  a d v a n t a q e s  i n  

u s i n q  this criteria. B e s i d e s  b e i n g  t h e  principal f e a t u r e  which 

is i n c r e a s e d  with u r b a n  d e v e l o p m e n t ,  i t  p r o v i d e s  a common basis 

for  masarewent a n d  c o m p a r i s o n ,  I t  has  a d v a n t a q e s  over t h e  

o t h e r  criteria taentioned in- the above p a r a g r a p h ,  For exarsple,  ' 

because of the different types of p r e m i s e s  fsuch a s  r e s i d e n t i a l  

a n d  c o m m e r c i a l )  f onnd within and between w a t e r s h e d s ,  t h e  choice, 

of t h e  number of d w e l l i a q s  would not provide a reasonably 

c o n s i s t e n t  n r b a n i z a t  i o n  i n d e x ,  T h e  c h o i c e  of d r a i n a q e  density 

a s  a n  urbanization f a c t o r  would also be u q s a t i s f a c t o r y .  This i s  

s o  since d i f f e r e n t  c o ~ b i n a t i o n s  o f  drainaqe  facilities a r e  

used: t h e  City of Vancouver v a t e r s h e d s  are s e r v e d  by a combined - 
sewerage systea while a c o a b i n a t i o n  of s t o r m  sewers, open  

ditches and w a t e r c o u r s e s  i s  used i n  t h e  S u r r e y  w a t e r s h e d s ,  

On a m i c r o  l eve lp  however ,  (meaninq the use of urban watersheds 
6 

on ly )  most of t h e  s t u d i e s  a r e  d i r e c t e d  t o ~ a r d s ~ s t o r r a  sever 

desiqn. Such studies {Keifer a n d  Chu 1957; ~ a h e s o n  1 9 6 2 ;  

T e r s t r i e p  and  Stall 1969) center a r o u n d  t h e  c o m p u t a t i o n  of 
4 

runoff estimates and d e s i q n  h y d r o g r a p h s  as t h i s  paraleete r forms 

t h e  basis of storm drainage d e s i q n ,  However, o t h e r s  (Viessman 

1966, 1968; B r a t e r  f 968; Uiller a n d  Viessman 1972) d i d  analyse 

the h y d r o l o s i c  conditions e m p i r i c a l l y .  Thouqh.  there is  



substantial evidence t h a t  t h e  h y d r o l o q i c  c o n d i t i o n - s  are a l t e k e d  ' 
0 

in various staqes of u r b a n i z a t i o n ,  there are still v e r y  few 
r. 

studies done to evaluate t h e  role of u r b a n i z a t i o n  among urban 

w a t e r s h e a s ,  - A  r e c e n t  m o d e l l i n g  s t u d y  by Beard a n d  cfianq (1379) 

i n  t h e  T u l s a  District, Texas ,  indicated t h a t  i n c r e a s e s  f n 
L ' 

i n p e r v i o u s n e s s ,  p a r t i c u l a r l y  b u i l d i n q s  and pavements,  d i d  not 

seem to have affected the r a p i d i t y  of runoff. I n s t e a d ,  t h e y  

c o n c l u d e d  that t h e  channel aid storm sewer improve~llents were 

the main c a u s e ,  

I f  this l i t e r a t u r e  review is t o  be  c o m p l e t e  t h e n  t h e  t h e  

i n c r e a s i n q  i m p o r t a n c e  of  d e t e r a h i s t i c  m o d e l s  for t h e  

e s t i m a t i o n  of r u n o f f  from urban basins must a l s o  b e  a e n t i o n e d ,  

Perhaps the most p o p u l a r  mode l s  a r e  t h e  Stormwater  Flanaqement 

Model (SUflI3) ( U .  S,A. ) , and t h e  Boad Research Laboratory 
k 

Hydroqraph l o d e 1  { R R L )  U , ) T h e s e  d e t e r m i n i s t i c  models 

attempt to m a t h e m a t i c a l l y  c o n c e p t u a l i z e  t h e  hydroloqic 

processes t h a t  occnr i n  a w a t e r s h e d  and u t i l i z e  t h e  rainfall 

pata a s  a way of g e n e r a t i n q  s t r e a m f l o v s ,  

Two t y p e s  of ~ o d e l s  can be  r e c o q n i z e d  i n  t e r a s  of t h e i r  use; i) 
> 

g e ~ e r a l i & d  ~oae3.s and; ii) specific saodels.  The SWRPI and B R L  

~ u d e l s  are generalized ones in t h e  sense t h a t  t h e y  can b e  

a p p l i e d  by chanqing only t h e  p a r a a e t e r s .  On t h e  o t h e r  band,  t h e  
-4f 

specific mdels (e, g ,  Chicaqo Hydroqraph and Baan-Johnson 



i n t e n d e d  for a p p l i c a t i o n  to either a s i n q l e  basin or 

d t y p e  of land or l a n d  use, T o  quote L a r s o n  f 19721 ,  

models can b e  made t o  represent t h e  ac tua l  

h y d r o l o q i c  processes, t h e y  can  be a p p l i e d  under a v a r i e t y  of 

c o n d i t i o n s ,  Thus ,  h y d r o l o q i c  m o d e l l i n q  is l i k e l y  t o  become t h e  

principal means of u t i l i z i n q  or e x t e n d i n g  o u r  l i ~ t i t e d  data t o  

p r e d i c t  t h e  effects of land use chanqes on w a t e r  r e s o u r c e s . "  p ,  

1 f 3,  The d e s c r i p t i o n  and use of these n o d e l s  have  been 

described by Larson ( l 3 ? 2 ) ,  Roesner, et al. 11372) , and A i t k e n  

3,3 L o c a l  studies 

I n  the Lower Hain land  o f  B r i t i s h  Colula  b i a ,  severf l o w / s t r e a m f l o v  

and r a i n f a l l  records are q u i t e  r e a d i l y  a v a i l a b l e  i n  some of t h e  

u r b a n  d r a i n a q e  basins. There i s  a  f a i r  amount of l i t e r a t u r e  b u t  

the reports done for t h e  past number of  y e a r s  were m a i n l y  
* 

concerned w i t h  znrban d r a i n a g e  desiqn problems and developments. 

Some reports on the C i t y  of Vancouver had been c o m p r e h e n s i v e l y  

done by the G r e a t e r  Vancouver Seweraqe  and Drainaqe Dis t r ic t  

(Bec h l e r  1 977) . 
I I n  the M u n i c i p a l i t y  of  S u r r e y ,  t h e  Enqineer inq  D i v i s i o n  works 

closely w i t h  Siqaa Consultants Ltd .  ia a H a s t e r  Drainaqe 

3Proqram. flust o f  t h e  r e p o r t s  were for  storm sewer d e s i q n  



p u r p o s e s .  There are, however, attempts i n  minimis$nq the i m p a c t  
x. 

of u r b a a i z a t - i o n  on  peak flows. The most common m e t h o d s  a d o p t e d  
r 

a r e  the igcreased use of  n a t u r a l >  vatercourses and  d e t e n t i o n  

storage b a s i n s .  

O t h e r  qovernmenta l  aqencies ,  such as the Vater* S u r v e y  of 

Canada; and the B,C, # i n i s t r y  of Environment do qaaqe several 

watersheds  i n  S u r r e y .  B o u e v e r ,  n o s t  o f  t h e  d a t a  a r e  either 

kept as records or used f o r  i i a t e ~  quality analyses, Perhaps 

the only local studies attempting to e v a l u a t e  t h e  ro le  of 

u r b a n i z a t i o n  on the h y d r o l o g i c a l  regime known b'y t h e  writer is  

t h a t  by Dr. #.C, Roberts of the Department of Geoqraphy, Simon 

Fraser U n i v e r s i  tp, 

1,Q Object ives  of Study 

The qeneral objective of this s t u d y  is t o  analyze the impac t  of 

n r b a n i z a t i o n  on peak f l o s s  u s i n q  a c o m p a r a t i v e  watershed  

approach ( F i q ,  1 .  l b )  . T o  the best knowledqe of the a u t h o r ,  

t h i s  k i n d  of study h a s  n o t  been done for any  basins i n  t h e  

Lower Rainland of B r i t ' i s h  Columbia .  crt 

The comparative approach is used because the lenqth o f  records 

for local streams does not  errn nit t h e  c lass ica l  a n a l y s i s  of 

using t h e  nbefore-aftern u r b a n i z a t i o n  m e t h o d  (Fiq. 1 . l a ) .  T h i s  



t y p e  of a n a l y s i s  i s  based .on a  long record of r n n o f f  *at 

permits the i n v e s t i q a t o r  to compare hydrographs when t h e  

watershed was r u r a l  with h y d r o g r a p h s  when the watershed was 
d 

n r b a o i z e d .  However, this approach demamds a l e n g t h y  temporal 

sequence  of  r u n o f f  data which i s  n o t  available i n  the local 

area. Therefore, the study w i l l  use short records s f  runoff but 

f r o n  watersheds of c o n t r a s t i n q  degrees of urbanizat ion.  I n  a, 

sense, this i s  the substitution of s p a c e  for time, 

The specific o b j e c t i v e s  are: 

a) To e x a ~ l i n e  t h e  u n i t  hydroqraph cha rac t e r i s t i c s  of watersheds 

and, therefore, to e v a l u a t e  the role  of u r b a n i z a t i o n  on peak 

5) To examine the r e l a t i o n s h i p  of r u n o f f  to rainfall in t h e  

context  of the urbanized  watersheds,  
, 

T h e  cha rac t e r i s t i c s  of t h e  s t n d y  areas are d e s c r i b e d  i n  Chapter 

2 while C h a p t e r  3 d i scqsses  the m e t h o d o l o q y  of t h i s  study, 

Chapter  4 presents t h e  resnlts of hydroqraph and analyses w h i l e  

a d i s c u s s i o n  of t h e  z e s n l t s  is d e a l t  w i t h  in C h a p t e r  5. In 

C 3 a p t e r  6, the f i n d i n q s  are s u m n a r i s e d  arid s u q q e s t i o n s  for 

f a r t h e r  research are proposed. 



CHAPTEii TWO 

CHARACTERISTICS OF THE WATERSHEDS 
9 

2.1  L o c a t i o n  

The watersheds selected for t h i s  s t u d y  l i e  w i t h i n  t h e  Greater 

Vancouver Reqional District (GVRD) and are s i t u a t e d  in the C i t y  

of Vancouver a n d  t h e  fast-qrowinq Dlun ic ipa l i t  y of Surrey { F i q .  

2 . 7 )  : 8 .  

a) City of Vancouver 

1 2 t h  G HacKenzie 

10th G Blberta 

b) P l n n i c i p a l i t y  of Surrey 

Robson Creek  

H y l a n d  Creek 

A detailed d e s c r i p t i o n  of each watershed  w i l l  b e  d i s c u s s e d  

later i n  this c h a p t e r ,  but f i r s t  there i s  a summary of the 

climate, q e o l o g y  and s o i l s  for the qeneral reqion i n  w h i c h  t h e  

watersheds are located. 

2.2 C l i m a t e  

The Lower Hain land  of Britisb Columbia e n  j o y s  a mild m a r i t i m e  

c l i m a t e ,  It is dominated by t h e  onshore f low of P a c i f i c  a i r  



Fig. 2 . 1  Location of watersheds in t he  s tudy.  



w h i c h  p r o d u c e s  warm tea p e r a t e  rainy w i n t e r s  a n d  cool summers  

(Hare and Thomas, 1 9 7 4 ) .  The p r e s e n c e  of the Coast B o u n t a i n s '  

h a s  an i n f l u e n t i a l  effect: t h e  windward slopes experience v e r y  

hiqh p r e c i p i t a t i o n  l e v e l s  because of the oroqraphie effect, 

weather s t a t i o n s  close to the w a t e r s h e d s  were s e l e c t e d  to show 

t h e  r e p r e s e n t a t i v e  mean t e m p e r a t u r e  ( T a b l e  2.1) an4 Bean 

p p c i p i t a t i o n  (Table 2.2) for t h e  p e r i o d  1941-1370. The se d n 

annual t e m p e r a t u r e  for the Vancouver Dunbar  South weather 

station is 1 0 . 5 ' ~  ( 5 1 ' ~ )  w h i l e  t h a t  f o r  Surrey Newton i t  is 9.4 
F 

'C ( 4 9 ' ~ )  . l4 very slight difference is a l s o  found d u r i n q  t h e  

seasons: 2 , 8 * ~  ( 3 7 ' ~ )  i n  J a n u a r y  a n d  1 8 , 3 ' ~  ( 6 5 * ~ )  i n  J u l y  for 

Vancouver  Dunbar  S o u t h  w h i l e  f o r  S u r r e y  Newton, the t e n p e r a t n r e  

i s  2 . 2 ' ~  [36'f) i n  J a n n a r y  a o d  1 6 . 7 ' ~  (62'~) i n  July, 

' Inf i l trat ion  capacity t h e r e f o r e  i s  low d u r i n g  t h e  winters 

because s u b s u r f  ace flow is c o n s t a n t l y  be inq  r e p l e n i s h e d  b y  

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  v a r i e s  seasonally i n  t h e  Lover  H a i n l a n d  v i e h  a 

m a x i n n ~  d u r i n g  winter a n d  a fuinimua i n  summer, w h i l e  the f a l l  

has =re than spr inq .  The mean precipitation amoont f o r  

Vancouver C i t y  Hall is  160,0 am {6 ,3  ins,) in J a n u a r y  .and 32.3 

m. j 1-27 i'ns.) i n  J u l y  ( T a b l e  2 . 2 ) .  Due t o  the r e l a t i v e l y  

larqer  amount of p r e c i p i t a t i o n  d n r i n q  t h e  w i n t e r  months, the 

i n f i l t r a t i o n  capacity is very low and may p r a c t i c a l l y  reach 







zero after  a  l e n g t h y  p e r i o d  of r a i n ,  Also, with lower 

temperature  l e v e l s ,  t h e  rate of evapotrasspiration @BTR) is 

reduced. T h e s e  v a r i a t i o n s  result ' i n  a  h iqher  r u n o f f  volume for 
C 

I 

b a given aacunt of rainfal l  i n  compar i son  to  t h e  summer m o n t h s ,  

* 

2,3 Geoloqy and so i l s  

The E,C. Lower Hainland i s  an area p r i m a r i l y  of Quaternary  c 

d e p o & t i o n  w i th  zelatireYp. lor reli'ef s t tre tcbinq 150 ka east to 

HO~<. l o c h  work of i b e  P l e i s t o c e n e  qeo loqy  of the area has  

been done by j o h n  E. Armstronqd (3365 ,  1968, 1977) o f  the 

Geoloqical, Survey o f  Canada, T h i s  r e q i o e  h a s  been s u b j e c t e d  to  
C 

repeated q l a c i a t i o n s  dnrkng t h e  W i s c o n s i n  Ice Age and p o s s i b l y  
' h  ., 

earlier. At leqst 3' main stases during t h e    is cons in are 
suqqested (Arastronq 1977)  ; an advance s t a q e  which 'is 

c h a r a c t e r i s e d  by  c o a l e s c i n g  piedmont qlaciers; a aaainnm s t a q e  
I 

when t h e  ice r e a c h e d  a  t h i c k n e s s  of 1800' m or n'ore 'which'  

o v e r  rod 

retreat 

e much of the a d j a c e n t  aounta inous  areas; and finaliv a . 
> 

or d e q l a c i a t i o n  staqe, 

Daring e a c h  major g l a c i a t i o n ,  there were iso'static,  e u s t a t i c '  

and tectonic p r o c e s s e s  i n v o l v i n q  chanqes  i n  s e a - l e v e l s  of up t o  

200 a o r  more, This a c c o u n t s  for the'thick Quaternary sequence 

i n  t h e  Lower P r a s e r  v a l l e y  (300 m or .ore) that is  a a i x t u r e .  of 

q-lacial ,  non-marine and s a r i n e  deposits. The s n r f i c i a l  q e o l o q y  
.--- 



of the Lover R a i n l a n d  i s  s n b d i v i d e d  qroups but  o n l y  4 

major qroups are  fonnd in the w a t e r s h ~ d  (Table  2.3) .  

Generally, four main groups (Fiq. 2.2)  are found i n  the study 

a r e a s :  the Newton Stony Clay ,  S u r r e y  Till, Haney Outwash and 

Snnnyside Sand. The Rewton Stony C l a y  i s  qlac io-marine  b y  

oriqin. It i s  composed of stoney a n d  clayey silt,  p c o r l y  sorted 

t i l l - l i k e  mixtures, and minor c l a y e y  silt, silty c l a y  an'd sand. 

The thickness of this layer  may b'e up t o  200 f t .  thick, The 

Surrey T i l l  ( q l a c i a l  deposits) is compose-d of s a n d y  to s i l t y  

t i l l  The Haney Outwash is qlacio-flavial by o r i q i n  while 

snnnys ide  Sand is composed of r a i s e d  l i t t o r a l  or beach d e p o s i t s  

of red inu  to coarse sands.  T h i c k n e s s  may be up to 2 5  it. 

{Table  2.31 . 
l f i h o n a h  the d e t a i l e d  s o r f i c i a l  q e o h q y  and s o i l  textures vary 
/' 

5toa  one watershed  t o  another, t h e i r  d i s t r i b n t i o n  within each 
J 

watershed c o u l d  a l low a qeneral assumption that t h e y  are 

reasonably s i m i l a r ,  
# 

2 . 4  ,The watersheds 

4 . 
The w a t e r s h e d s  were chosen mainly  because-of the a v a i l a b i l i t y  

of data. G e m j r a p h i c a l l y ,  * t h e  four wa'teksheds s e l e c t e d  are 

r e l a t i v e l y  close to one anbther; beinq w i t h i n  an approximate 



I (b) 10th 8 Albuto 

Fig.  2.2 Surficial geology. 



Legend 

IOb -SUNNYSM SAND froired littoral and 
bemh deposits) 



4a - Surrry T i l l  Sandy to silty till and minor substmtified 
(&LadalckpoStts - d r i f t  u p t o  75 R .  t h i c k b u t ~ m l l y l e s s  

than 25 ft. thick. 'Iluagbut m& of the 
area S m y  T i l l  Ikpsits are mtled by fbse 
h v e l  . -. 

5 - M a n  Stony Clay 5a - sandy t o  s i l t y  and minor sub-stratified 
( g l a c i a l 4 n e  drift up to  60 ft. thick but genemlly 
cieposits) less than 20 ft . , overlain in most places 

by glacio-nuarine stony clayey silt ,  and 
minor interbxkkd marine clayey silt, 
s i l t y  c l a y ,  and sand, up to  25 ft. t h i c k  
but generally less than 10 f t .  ; 

5b - sandy to silty and minor sub-stmtif ied 
drift generelly less than 25 f t .  thick. 

6 - M e y O u t w a a h  Clayey s i l t ,  s i l t y  c l a y ,  and stoney, clayey 
( g l a c b f l u v i o  silt, up t o  25 f t .  or  mre. 
deposits 

lab - Sunnyside M d  Medium to coarse sand up to 25 f t  . thick; 
(mised littoral probably includes f loodpla in  and channel sand, 
and beach and l i t t o m l  and beach sand. 
depaits 1 



radius of 14 ,3  km o f  o n e  another, It is p e r m i s s i b l e  f o r  us t o  

assume that  they are c l i m a t i c a l l y  sirPilar [ S e c t i o n  2 . 2 ) .  t h e  
5 

u n d e r l y i n q  materials of the b a s i n s  are Quaternary deposits 

composed of a l l u v i a l ,  mar ine  a n d  q l a c i a l  materials. It was 

h o p e d  t h a t  t h e  qeoloqy of t h e  b a s i n s  would be r e l a t i v e l y  

similar as this will remove sore of t h e  variance i n  explaininq 

h y d r o l o q i c  response. F i n a l l y ,  because of t h e  c o m p a r a t i v e  
li 

o b j e c t i p e  of this s tudy ,  the urban land use i n t e n s i t y  of t h e  

vatersheds varies from a b i q h  50.4% i m p e r v i o u s  cover t o  a low 

11.6% (Table  .2.4), The watersheds in Vancouver are entirely 

s e w e r e d  v h i l e  t h o s e  i n  Surrey are d r a i n e d  b y  a c o m b i ~ t i o n  of 

storm sewers, open d i t c h e s  and  uaterconrses .or creeks: 

It is located a t  about 10 b l o c k s  west of G r a n v i l l e  Street i n  

t h e  C i t y  o f  Vancouver. It covers a total area of 0.25 sq. km 

( P i g .  2 .3 )  . ,' 

2/ 

BpproximateP y rectanqulah i n  shape (circulatory r a t i o ;  Rc - 
0 . 7 8 )  ( T a b l e  2.51, t h e  mean basin slope is approximately C.02. 

It s h o u l d  be mentioned however t h a t  the d i s t r i b u t i o n  of s l opes  

within t h e  watershed is not even.  A f i e l d  s u r v e y  of t h e  areas 

reveals t h a t  some p a r t s  of  t h e  b a s i n  are q e n t l y  r o l l i n s  w h i l e  

t h e  north western part h a s  q u i t e  m~derate s l o p e s .  I t  is 
Q 



Table ' 2 .  4 Land use of watersheds in stuly 





10th 6 
Alberta .74 0:03 3 7 5.24 0.34 

y l l d  
Creek 4.71 0.02 61 10.7  0.52 

Table 2 . 5  'Ibpogmphic characterist.ics of watersheds in study 



completely d r a i n e d  b y  a combined sewerase s y s t e n  which r u n s  

alonq p r a c t i c a l l y  e v e r y  b l o c k  (Fiq. 2 .  3 ) .  The t o t a l  lenqth of' 

the sewers measured  on the map is a p p z o x i a a t e l 7  3 . 2 1  km w i t h  a 

d r a i n a q e  density of 1 2 . 3 5  k m / s g .  km. Measurements of other 

charac ter i s t i c s  such as the l e n q t h  of t h e  l o n q e s t  cha rne l ,  ' s a i n  

c h a n n e l  and  s l o p e  of t h e  main c h a n n e l  a r e  l i s t e d  i n  T a b l e  2 . 6 .  

The s u r f i c i a l  geoloqy i s  made u p  o f  a m i x t u r e  of marine, 

qlacio-marine and q l a c i a l  depositm Cloverdale sediments, 

Newton C l a y  and Surrey Till are the major Pleistocene u n i t s  

f o u n d  { F i q .  2,2). T e x t u r a l l y ,  they v a r y  from clayey silt to 

s a n d y  till ( T a b l e  2 .  3 ) .  

T h e  entire a r e a  of t h e  watershed is urban (Piqs. 2,4a and 

2 , Q b ) .  I t  c o n s i s t s  of h o u s e s ,  lawns, p a v e m e n t s ,  roads and a 

few vacant  areas; t h e  area is e n t i r e l y  r e s i d e n t i a l ,  Most of 

t h e  houses  are s i n q l e - s t o r e y  built ~ a i n l y  on 33' Lots; each 

with a l awn ,  T h e  c o m p u t a t i o n  of the i a p e r v i o u s  cover ( A p p e n d i x  

A )  i n d i c a t e s  t h a t  i t  makes u p  4 5 . 5 %  of the t o t a l  area ( T a b l e  

2 . 4 )  . 

2.4.2 1 0 t h  E Alberta 

The w a t e r s h e d  i s  located 1 . 5  k m  east of 1 2 t h  G HacKenzie and 22 

blocks e a s t  of G r a n v i l l e  Street. The t o t a l  area i s  0 . 7 4  s q . k m  

(Fiq, 2.5). 





Fig. 2.4a 12th & MacKenzie: closely built residential 
units. 

F i g .  2.4b 12th 6 W e n z i e :  graveled back roads. 



Fig. 2.5 10th 4 Alberta watershed.' 



Unlike t h e  o ther  basins, 1 0 t h  & Alberta i s  r a t h e r  u n u s a a l l ~  

shaped; it i s  an e l o n g a t e d  b a s i n  which t a p e r s  t o  t h e  south. 
# 

cJrcalatory r a t i o  (Rc) is measured a t  0.34. The mean b a s i n  
v '. - 

slope i s  0.03, f h o n q k  it does n o t  slope evenly throughout the 

The < 

watershed, T h e  area is entirely drained b y  a c o a b i n e d  sewerage 

s p s t e t -  vMeh a l s o  m a s -  a l m q  p r a c t 5 c a l l y  every block (~iq'; - 

2.5) . Due to i ts --shape, %he number of sewers ~ o n s t i t u t i n q  t h e  - 
- Y 

d r a i n a g e  network are f a r  q r e a t e r  t h a n  1 2 t h  S ~lacfileazie, h e h c e  
- 

.. - 

e x p l a i n i n g  a higher d r a i n a g e  d e n s i t y  of 15.72 km/sq; km.   he' . 
B 

t o t a l  length of sewers draininq t h i s  area is 11.63 ka. T a b l e  
I 

2 .6  410.8 €he seasurements foe other drainage c h a ~ a ~ t e r i s i c s .  

The sarf icial  geology of t h i s  basin is made up of q l a c i o - n a r i n e  

a n d  g lac ia l  deposits f P i q .  2.2). C o n s i s t i n g  n a i n l y  of t h e  5 b  
- 

R e v t u n  Stony C l a y  group,  t h e  sandy to  silty till materials are 
\ 

similar t h o n q h  t h e  d e p o s i t s  are qen6rallp leds tha# 25 ft. 
'1 

t h i c k  ( T a b l e  2.3). . 

The  w a t e r s h e d  i's entirely urban .  Unlike 1 2 t h  & XacKenzie,  t h i s  
ir 

basin has c o m n e r c i a i  l a n d  uses as well as r e s i d e n t i a l ,  

e s p e c i a l l y  i n  t h o s e  blocks f l a p k h q  Rain  S t r e e t  d o n g  the 

eastern b o u a h r y  CPIQ, 2.6a). - R e s i d e n c e s  occapy a veff large 

port i o n  of tke ~at-ersheit area,- In _additinn, t h e d i s c  ---: 
fSimm ?laser School) and a c o a n n n i t y  p a r k  (Rt. P l e a s a n t  -- - 
Comaunity Park) a lonq 1 6 t h  &re, and a n n e e r  of p a r k i n q  lots 



Fig. 2 . b  1 0 t h  6 Alberta: c m e r c i a l  premises along 

Win Street.  

Fig, 2.6b 10th ,5 -2iberta: parking l o t s  at 26th h e .  



a'lonq Pla5.n Street {Fig, 2 , 6 b f ,  There 6s  a mixture of 

sinql&storle y and doable - s tore  y bonses #Pi ich are laore c lose ly  
A 

built, e s p e c i a l l y  aPonq Quebec  St, The corn'mescial b l o c k  r e n d e r s  

up to about 100% i o p e r v i s u s n e s s ,  T h i s  is e v i d e n t  as  t h e  

i r s p e s v i s u s  cover iS 5O.5%, much of which results from t h e  

commercial b n i l d i n q s  and a s s o c i a t e d  parking lots, 

2,.4.3 .Robson C r e e k  

Bobson Creek is located in t h e  P l u n h c i p a l i k y  sf S u r r e y  near  (OoS 

hea east)  t h e  Kin$ Georqe Hiqhway on IOU Wve, (Pi$. 2,'l f . It is 
a subwatershed of a biqqea:  Whalley dsa inaqe  basin g F i q ,  2 , 7 ] .  

Robson Creek has an area sf 2.03 s g ,  km. 

The watershed approximates an e longated fan in shape, The  mean 

basin s l o p e  is 0,02 with c e r t a i n  par t s  of t h e  b a s i n  s l o p i n q  

more s t e e p l y ,  than %he zes*, for example, a l s n q  129 St. T b e  

~iaximunn refief  is a p p r o x i m a t e l y  313 m: see Table 2,5 for: 

$uaa titative geoinorpholoqic details, The entire area is 
'I 

ara ined  by a ccsmilbinatirsn of storm sewers, open ditches a n d  

watercourses. It is quite l i k e l y  t h a t  some of t h e  r a i n f a l l  

Gxcess wonPd not reach the a a i n  channel because of pondaqe (as 

a field i n s p e e t i o n  sf t h e  o p e n  d i t c h e s  rewealed) . E v e n .  if 

shere is any flow, .the abundance sf v e q e t i a t i s n  i n  most ditches 

would i ~ p e d e  a smooth passaqe for the flow, thus reducinq the 



- Fig. 2 . 7  Robson Creek watershed, 



rate of flow. C o n s e q u e n t l y ,  t h e  peak volume of runoff r e a c h i n q  

LA@ main outlet will be q r e a t h g  reduced; this will be d i s c u s s e d  

in C h a p t e r  F i v e ,  

The surficial geology for the watershed ranqes from marine, 

qlacio-marine, qlaeio- f l u v i a l  to a l l u v i a l  deposits {Piq. 2 . 2 1 ,  

The marine and a l P a v i a 1  d e p o s i t s  are s a n d y ,  bslonqinq to t h e  

S a l i s h  and Capi lano  qronps ,  The zeason f o h  t h e  presence  s f  

a l l u v i a l  mater ia ls  i s  probably due to i ts  n e a r n e s s  t o  t h e  

f rasef R i v e r  where the asater ia ls  reay h a v e  been d e p o s i t e d  d u r i n g  

the pos t -q l ac i a l  period, Texturally, the glac io-  f luvial 'v 
i 

mater ia ls  ranqe fro@ less i m p o r t a n t  medium t o  coarse qravels of 

the Haryhif l  Outwash deposits, to more i m p o r t a n t  silty 

materials. 

The urban landscape coglsists n a i n l y  of residences and 

cs@~ercia l  activities located in clusters, e,q. aPonq  96 A v e .  ' 

and 128 St, U n l i k e  the C i f  v of Vancouver watersheds,  t h e  
,% 

residences have wide  l a m s  and a re  on larger lots -La clear 

s n b n r b a ~  characteristic. There are vacant or open spaces 

= s i t u a t e d  s p o r a d i c a l l y  over t h e  area, The  i m p e r v i o u s  cover for 
J 

9 s b s o n  Creek  is 2 8 , 5 %  (Table 2 - 4 1 .  A larger p o r t i o n  of the 

area, therefore, is d i v i d e d  among lawns and open spaces gPiqs, 

2,8a and 2,8b) than in t h e  city, 



Fig, 2.8a Robson Creek: smoff storage i n  open ditches. 

" 2 .  2.8b h b s o n  Creek: rnederately low housing density. 



Hyland C r e e k  is located at approximate ly  2 km sou" of Robson 

C r e e k  QFiq, 2,1)  . The Xinq Georqe H i g h s a y  runs t h r o u q h  t h e  

watershed f ro@ 7 3  Ase, and 56W Age, It is a sub-watershed of 

t h e  Bewtsn  drainaqe basin and is t h e  larqast watershed in *he 

s t a d y  coverinq an area ox" 4,71 sq, km [ P i q a  2 , 8 )  a 

A p p r s x i n a t e l y  r e&anqu la r  in shape, with aa  i r r e q u f a r  drainaqe 

divide, %he an s l o p e  4s about 0,02, T h e  s l o p e  is q e n e r a l l y  

qeaQler in the northwest s e c t i o n ,  s t e e p e n i n g  as one approaches  

the o u t l e t  in the s o u t h e a s t  secfion of t h e  u a t e r s h e d .  The 

maxiaun relief is approx ina te l .  y 6': n (200 f'c, 1 ,  

L i k e  Babson C r e e k ,  " t h e ,  drairmaqe system is iaade u p  of storm 

sewers, open d i t c h e s  and watercourses or creeks ,  The main 

c h a n n e l ,  U p p e r  HyPand Creek,  is a b o u t  3.67 Xm lonq and is fed 

b y  a fev smal ler  creeks as it drains from northwest to 
P 

soatheas t  f F i q ,  2,9)  . 

W very larqe p o r t i o n  of the watershed is made up sf Newton 

S t q n g  Clay andl Szsrreg T i l l  [glacio-marine and qlacial 

d e p o s i t s ) .  H a r g k i l l  Oatwash d e p o s i t s  ( q l a c i o - f l u v i a l )  occur 

Pocalfg  in the southwest ,  over even less e x t e n s i v e  d e p o s i t s  of 

t h e  Salis 'n a n d  C a p i l a n o  qromps i(nariae a n d  a l l u v i a l  d e p o s i t s )  

{Fig, 2 , 2  and T a b l e  2.3),  
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B p l a n d  C r e e k  i s  t h e  least d e v e l o p e d  or u r b a n i z e d  of t h e  four 

-watersheds i n  the s t u d y .  C o m m e r c i a l  b u i i d i n q s  are found  alonq 

b o t h  sides o f  the K i n q  Georqe Highway (Fiq. 2.10a) . There are 

a l so  l i q h t  i n d u s t r i a l  premises c o n c e n t r a t e d  a l o n q  both sides of 

72  Ave, up t o  130  S t .  R e s i d e n c e s  o c c u p y  a l a r q e r  p o r t i o n  o f  the 

area, w i t h  a mixture of small  and wide  open fawns. T h e r e  are- 

m o r e  open and vacant spaces in t h e  western p a r t  o f  t h e  

w a + e r s h e d  a n d  t h e  impervious cover is only 11,6% [Fiq. 2 .10b) .  

This area h o w e v e r ,  is undergoing r a p i d  d e v e l o p m e n t  which will 

e n s u e  drastic chanqes  t o  t h e  l a n d s c a p e  i n  a f e u  years time. 

T h e  four w a t e r s h e d s  i n  the study are  u r b a n i z e d  but with 

d i f f e r i n q  d e q r e e s  of l a n d  u s e  i n t e n s i t y ,  This i s  reflected by  

t h e  chosen u r b a n i z a t i o n  m e a s u r e m e n t  i n  t h e  s t u d y ,  i , e ,  the 

p e r c e n t a q e  of i m p e r v i o u s  c o v e r .  T h e  b a s i n  p h y s i o q r a p h y  i s  

d i s s i m i l a r  w i t h  areas  r a n q i n q  from 0,26 t o  4.71 s q ,  km. Shape 

d i f f e r s  from a n  almost r e c t a n q n l a r - t y p e ,  ' e l o n q a t e d 8  fan-type 

t o  an  e l o n g a t e d  one. Also, the n a t u r e  of t h e  d r a i n a q e  s y s t e m s  

f o u n d  i n  t h e  2 m u n i c i p a l i t i e s  i s  n o t  t h e  same, C o n s e q u e n t l y ,  

all these factors  w i l l  h a v e  t o  be taken  into account when 

comparinq the r e s u l t s  f r o m  t h e  a n a l y s e s  i n  C h a p t e r  P o u r  and  

C h a p t e r  F i v e .  



Fig. 2.10a Hyland Creek: camrrercial center along 

72  Ave. and King George Highmy. 

Fig, 2 .  lob  liylanb Creek: wide vacant l o t s .  



CHAPTER THREE 

METHODS OF ASALYSIS 

3 , 1 INTRODUCTIOB 

T h e  purpose of  this chapter  i s  t o  present t h e  methods u s e d  i n  

a n a l p s i n q  the d a t a  obtained, The first p a r t  of this c h a p t e r  

3iscusses  t h e  methods of analysis; a ]  unit hydroqraphs  and; b) 

distribution graphs, T h e  second part of t h e  chapter  d e a l s  with 

the data  a n d  its c o l l e c t i o n .  

S i n c e  t h i s  s t n d p  i s  co~lcerned with the coaparison 'of s e v e r a l  

basins, the u n i t  h y d r o g r a p h  p r i x i p l e  is t h e  main analytical 

tool u s e d ,  This is  b e c a u s e  a c o n i o n  b a s i s  of  cumpacison s u c h  

a s  the u n i t  h y d r o q r a p h  i s  fundamental s u c h  t h a t  a l l  runoff 

responses w i l l  be  the r e s u l t  o f  1 cm of r a i n f a l l  excess. Also, 

i t  i s  a s t r a i q h t  f o r  ward method t o  derive the r a i n f a l l - r u n o f  f 
-- 

relations from o b s e r v e d  h y d r o q r a p h s ,  Thouqh o r i q i n a l l y  

des i eed  f o r  use on larqe w a t e r s h e d s  where effective r a i n f a l l  

coald be d e t e r m i n e d  fro. daily r a i n f a l l  records (Chov  t 9 S 2 ) ,  a 

l u n b e r  of inres+iqacors  (3rater 1 3 4 0  ;Chow 1952:  E i n s h a l l  1960;  

qseb it snccessfu~ly on s e a l 1  w a t e r s h e d s  s u c h  a s  t h o s e  u s e d  i n  



t h i s  study. A d d i t i o n a l l y ,  the d i s t r i b u t i o n  qraph, which is an 

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

r u n o f f  coefficients w i l l  be computed and i n c o r p o r a t e d  f o r  

farther a n a l y s i s ,  

3 . 2 ,  1 T h e  n n i t  hydrograph 

The basic theory of the n n i t  hydrograph  was p r o p o s e d  b y  L.K, 

Sheraan  in 1 9 3 2 .  I t  was d e f i c e d  a s  a  h y d r o q r a p h  of direct 

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

per iod of time. The u n i t  hydroqraph o f  runoff r e p r e s e n t s  the 

i n t e q r a t e d  effects o f  a l l  t h e  basin constants i n c l a d i n q  area, 

shape, streal p a t t e r n ,  c h a n n e l  proper ties, l and  s lopes  a n d  

other p h y s i o q r a p h i c  c h a r a c t e r i s t i c s .  , However, i n  the course of 

d e r e l o p m e n t  and r e f i n e m e n t ,  t h e  u n i t ,  hydrograph  h a s  come to be 

defined as t h e  hydrograph of 1 cl of r a i n f a l l  e x c e s s  q e n e r a t e d  

u n i f o r a l y  i n  i n t e n s i t y  w i t h i n '  a s p e c i f i e d  p e r i o d  o f  t h e .  

The basic a s s a a p t i o n s  o f  t h e  u n i t  hydrograph t h e o r y  may be 

s a a r a r i s e d  a s  follows: 

a )  For a q i r e n  watershed, s t o r ~ s  of equal d u r a t i o n  mill produce 

snrf ace funof f h ~ b r o q r a  phs with a p p r o x i a a t d p  e q u i v a l e n t  time 
.la 

bases, r e g a r d l e s s  of +As intensity of rain; b) for a q i m n  

va+ershed,  t h e  o r d i n a t e s  of t h e  surface r u n o f f  h y d r o q r a p h s  from 



P 
similar storis of e q u a l  d u r a t i o n  are p r o p o r t i o n a l  t o  t h e  r o f u a e  

of surface ' r u n o f f ;  c) f o r  a  q i v e n  w a t e r s h e d ,  -- t h e  time 
- -- - 

d i s t r i b u t i o n  of snrfa'ce r u n o f f  from a p a r t i c u l a r  storm p e r i o d  

i s  i n d e p e n d e n t  of p r e c i p i t a t i o n  fror a n t e c e d e n t  o r  s u b s e q u e n t  

storm p e r i o d s .  

The r a r y i n q  effects of c h a n n e l  s to raqe ,  i n  a way, do n o t  

e x a c t l y  reflect t r u t h f u l l y  t h e  first a s s u ~ p t i o n .  However, a s  

L i n s l e y ,  e t  al. fT949f noted, b e c a u s e  t h e  recession curve 

a p p r o a c h e s  zero a s y a p t o t i c a l l y ,  a p r a c t i c a l  c o m p r o m i s e  i s  

p o s s i b l e  u i t h o n t  e x c e s s i v e  error. The second a s s u m p t i o n  is 

a p p l i c a b l e  p r o v i d e d  t h a t  t h e  s e l e c t e d  time u n i t  i s  less than 

the minimum c o n c e n t r a t i o n  t im (Sherman 1340) .  f i n a l l y ,  the 

a n t e c e d e n t  c o n d i t i o n s  are i m p o r t a n t  a s  the vofnme of r a i n f a l l  

excess r e s u l t i n g  f r o m  a q i v e n  amonnt o f  r a i n f a l l  w i l l  have t o  

depend on t h e  s o i l  i r f i l t r a t i o n  r a t e ,  depression a n d  detention 

s t o r a g e  ( G r a y  1370) , 

Thonqh accepted by sost h y d r o l o g i s t s  a s  a v a l u a b l e  h y d r o l o g i c  

t&l i t  h a s  .limitations v h i c h  mus t  b e  taken i n t o  a c c o u n t .  T h e  

ideal conditions for t h e  d e r i v a t i o n  of u n i t  h y d r o q r a p h s  from 

storms can be s u m a a r i s e d  as: 

a )  t h e  rain most h a r e  f a l l e n  w i t h i n  t h e  r e c o r d e d  time i n t e r v a l  

o r  t i r e  l i a i t ,  sack a s  a day o r  h o u r ;  b) Tte storr rus t  hare 
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Fig. 3.1- The event of March 25th, 1977 (12th 4 WcKenzie basin) 

used in the derivation of the unit hydrograph. 



r u n o f f  ( p o i n t  C ) .  Tt is w i t h  t h e  d e t e r m i n a t i o n  of t h e  third 

p o i n t  on t h e  recession c u r v e  t h a t  diff i c n l t i e s  a r i s e .  However, 

a c o n s i s t e n t  method o f  * l o c a t i n q  t h i s  p o i n t  is t o  plot t h e  

observed hydrograph  on a s e m i l o g a r i t h l a i c  p a p e r  ( a f t e r  ~ a r a e s  

1939). A s t r a i g h t  l i n e  will be produced b y  the reccessional  

l i m b .  Gray (3970) comments t h a t  t h i s  w i l l  usually occur when  

i n t e r f l o w ' a n d  g r o u n d w a t e r  is  n e g l i q i b l e  in comparison t o  t h e  

c o n t r i b u t i o n  b y  sur face  runoff ' ,  T h e  p o i n t  where t h e  

r e c e s s i o n a k l i m b  meets the b a s e f l o w  l i n e  i s  taken t o  r e p r e s e n t  - 
6b. 

th,e t h i r d  p o i n t ,  v h i c h  i s  the end  o f  direct r u n o f f .  A l i n e  i s  

then  drawn from point A t o  C to  r e p r e s e n t  the baseflow (Pig.  

3. lb), T h e  e n t i r e  area, A X ,  is t h e r e f o r e  t a k e n  a s  t h e  t o t a l  

d i r e c t  r u n o f f  f o r  a  p a r t i c u l a r  storm. 

c )  Deriving t h e  hyd rog raph  - The ordinates ok t h e  direct r u n o f f  

h f d r o q r a p h  are reduced by t a k i n g  the d i f f e r e n c e  b e t u e e n  t h e  ' 

observed hydrograph  and base f low.  T h e  ~ o d i f i e d  hyd roq raph  

represents t h e  hyd roq raph  of r u n o f f .  

d)  C a l c u l a t i o n  of d i r e c t  r n n o f  f d e p t h  - The area of the 

h y d r o g r a  h d e r i v e d  a b o v e  represents the total volume of  d i r e c t  5 
'eonoff. fhe hydrograph is p l o t t e d  a c c o r d i n q l y  o n t o  a qrapb a 

* of d i r e - t -  r u n o f  f is c a l c u l a t e d :  



where, p = d i s c h a r q e  volume i n  cubic meters; a = area a s  i n  

number of s q u a r e s ;  t = v a l u e  o f  each s q u a r e  i n  cubic meters. 
Y 

The d e p t h  of direct runoff i s  c a l k n l a t e d :  

where, D = d e p t h  of direct r u n o f f  i n  milliweters; y = d i c b a r q e  

i n  cubic ae ter s :  A = area of watershed ih sg. ka. 

e) Coeput inq  t h e  unit hydroqraph  - The o r d i n a t e  of t h e  direct 

r u n o f f  hydroqraph  d i v i d e d  by t h e  teal d e p t h  of d i r e c t  r u n o f f  

w i l l  qive the o r d i n a t e d  of t h e  n n i t  hyd rograph  for the u n i t  

d u r a t i o n  f o r  a g i v e n  storm (Appendix C ) .  

3.2.1.2 ~ e t e r a i n a t i o n  o f  n n i t  d u r a t i o n  

There a r e  several t e c h n i q u e s  used  i n  d e r i v i n g  the u n i t  

durations or the d u r a t i o n  o f  rainfall e x c e s s .  S e v e r a l  o p i n i o n s  

have also b& expressed over their use. 

d 

F o r  instance, f o r  small watersheds (less than 10 sg.  m i . ) ,  u n i t  

hydrographs w i l l  result from short, i s o l a t e d  storms w i t h  

d u r a t i o n s  less than t h e  time of rise. On t h e  o t h e r  hand, the 



0 

u n i t  d u r a t i o n  for l a r g e r  w a t e r s h e d s  may be less t h a n  the time 

of rise b u t  n o  more t h a n  half as l o n g .  L i n s l e y ,  e t  a l .  (1949) 

f o u n d  * h a t  the u n i t  d u r a t i o n  s h o u l d  a p p r o x i m a t e  1/4 of t h e  time 

l a g  ( t i m e  f rom c e n t r o i d  of rainfall excess  t o  peak d i s c h a r q e )  , 
w i t h  a t o l e r a n c e  l e v e l  o f  + 253,  

I n  t h e  d e t e r m i n a t i o n  of u n i t  d u r a t i o n ,  i t  h a s  been a c c e p t e d  by 

some t h a t  b e f o r e  o v e r l a n d  f l o w  can resume,  a portion of t b e  

i n i t i a l  r a i n f a l l  is s t o r e d  a n d  p e r m a n e n t l y  a b s t r a c t e d  f r o m  
/ 

s u r f a c e  runoff b y  i n t e r c e p t i o n  (which la ter  e v a p o r a t e s )  a n d  
i. 

d e p r e s s i o n  storage (which  later e v a p o r a t e s  or  i n f i l t r a t e s  below 

the ' so i l  s u r f a c e ) .  TBrouqh e x p e r i e n c e s  in r e s e a r c h ,  v a r i o u s  

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

~ h b l i n  and  Reifer f 1 9 6 0 )  s n q q e s t e d  values o f  r e t e n t i o n  of 1/16 

i n c h  for p a v e a e n t s  a n d  1/4 i n c h  f o r  q r a s s l a n d .  V i e s s a a n  4 1966) 

r e p o r t e d  r e t e n t i o n  r a n g e s  of 0,04 t o  0.10 i n s .  f o r  small paved 

areas. Brater (1968) c o n c l u d e d  an a v e r a g e  initial r e t e n t i o n  o f  

0.02 i n c h  fo r  3 u r b a n  w a t e r s h e d s  s t u d i e d  i n  D e t r o i t .  

T o  estimate i n f i l t r a t i o n ,  d e p r e s s i o p  s t o r a q e  a n d  i n t e r c e p t i o n  

loss, a v i d e  r a n q e  of t e c h n i q u e s  h a v e  b e e n  used.  Soae (Keifer 
n 

and Chn 1957: Scholz  and Lopez (1974) assumed t h a t  a portion o f  

t h e  i n i t i a l  r a i n f a l l  is l o s t  and d o e s  n o t  c o n t r i b u t e  to  the 
.e 

c h a ~ n e l .  Others (Brater 1968; E a q l e s o n  1962) used a decay - t  ype  

c a r v e  t o  estimate t h e  volume l o s t .  n i n s h a l l  (1960) made u s e  of 



t h e  A n t e c e d e n t  P r e c i p i t a t i o n  Index (APT) for t h i s  p u r p o s e .  Yet 

others l i k e  Chow 1952,  1964) a n d  V i l l e k e  (1966) drew a 

horizontal lifia across the h y e t o p r a p h  o f  a p a r t i c u l a r  storm 

which. i n  a c t u a l i t y ,  g i v e s  a mean o r d i n a t e  of t h e  decay curve  

a n d  t h e  a t t a i n m e n t  of a p h i - i n d e x .  

I n  t h i s  s t u d y ,  the method u s e d  is s imi lar  t o  t h a t  of Chow 

(1952, 1964) a n d  O i l l e k e  (1966).  A h o r i z o n t a l  l i n e  i s  drawn 

a c r o s s  the h y e t o q r a p h  s u c h  t h a t  the volume of rainfall above 

t h e  l i n e  e q u a l s  t h e  d i r e c t  r u n o f f  f o r  t h a t  p a r t i c u l a r  storm 

( P i q .  3. l a ) .  The  area u n d e r  t h e  h y e t o q r a p h  houever, represents 

-Q- 
t h e  losses b y  i n f i l t r a t i o n ,  i n t e r c e p t i o n ,  r e t e n t i o n  a n d  

. b 4 ,-: - = 
d e p r e s s i o n  s t o r a g e s .  Though t h i s '  t e c h n i q u e  q i v e s  o n l y  a f i r s t  

a p p r o x i m a t i o n  t o  r a i n f a l l  loss, it p r o v e s  t o  be a. s a t i s f a c t o r y  

method for  d e r i v i n g  unit d u r a t i o n  i n  t h i s  s t u d y .  T h e  u n i t  

duration is  d e f i n e d  b y  t h e  time betveen  the beqinninq a n d  t h e  

- e n d  of r a i n f a l l  e x c e s s .  

3.2.1.3 " D e r i v a t i o n  of u n i t  h y d r o q r a p h  f o r  other t h a n  - t h e  unit 

d u r a t i o n  of the  o r i g i n a l  storm 

U n i t  hydroqraphs for u n i t  d u r a t i o n s  l o n g e r  t h a n  t h e  o r i q i n a l  

o m '  is ccmputect through the addition of t-he o r i q x n a l  

hydroqraphs from t h e  s e l e c t e d  - e v e n t s .  S i n c e  r e p r e s e n t a t i v e  
d 

u n i t  h y d r o q r a p h s  are t o  be derived, it i s  c o n s i d e r e d  



appropriate to d e v e l o p  the feu 15-minute u n i t  h y d r o q r a p h s  i n t o  

3 0 - m i n u t e  d u r a t i o n s  (30 minnte unit h y d r o g r a p h s  mere m o s t l y  

o b t a i n e d  compared t o  15-minute cases), T h i s  is  d o n e  by usinq 

the summat ion  t e c h n i q u e ,  For example, the sumnation of two 

15-minute u n i t  h y d r o g r a p h  will yield a 30-minute graph  w i t h  2 

cm of d i r e c t  r u n o f f .  The o r d i n a t e s  of t h i s  derived g r a p h  are 
L 

then divided by 2 to obtain a 3 0 - m i n u t e  u n i t  h y d r o g r a p h  
7 

{ a p p e n d i x  I>). 

3,2,1,4 D e r i v a t i o n  of a mean u n i t  hydrograph 

S t i l l  a fur ther  step i s  n e e d e d  for t h e  common basis of 

c o m p a r i s o n  of  .the n n i t  h y d r o q r a p h s .  T h i s  i s  where t h e  

development  of a mean n n i t  b y d r o q r a p h  i s  necessary. In this 

study t h e r e f o r e ,  l e a n  30-minute ,unit h y d r o q r a p h s  are d e r i v e d ,  a t  

This i s  done by averaging s e v e r a l  30-minute nnit h y d r o q r a p h s  t o  

derive a mean 30-minute unit h y d r o q r a p h .  A c c o r d i n g l y  t h e n ,  

e a c h  nean 30- l s inute  u n i t  h y d r o g r a p h  would then be assumed to  b e  

representative for the w a t e r s h e d s .  It i s  g r a p h e d  by 

calcnlat inq and l o c a t i n g  t h e  mean peat d i s c h a r g e ,  time of r ise  

a n d  time b a s e  of the 30-minute n n i t  hydrographs,  The  area below 

the graph equa l s  1 c a  of r u n o f f  while  r e s e m b l i n g  the i n d i v i d u a l  

qraphs a s  anch a s  p o s s i b l e  {Linsley, et a1 1943).  



f, 3.2.2 The d i s t r i b u t i o n  q r a p h  

The  d i s t r i b u t i o n  graph is a deve lopmen t  of t h e  u n i t  q r a p h  and 

was d e v e l o p e d  b y  H e r i l l  H. Bernard i n  1934. It is a m o d i f i e d  

n n i t  h y d r o q r a p h  t o  show t h e  p r o p o r t i o n a l  relation of its 

o r d i n a t e s  whereby t h e  o r d i n a t e s  a r e  e x p r e s s i q n s  of t h e  t o t a l  
d 

surface runoff  v~olnme i n  p e r c e n t a g e s .  Gray ( 1  9701 commented 

t h a t  b e c a u s e  t h e  total area u n d e r  t h e  d i s t r i b u t i o n  q r a p h  e q u a l s  

100% of s u r f a c e  m n o f f ,  d i f f e r e n c e s  i n  t h e  r u n o f f  

c h a r a c t e r i s t i c s  be tween  w a t e r s h e d s  are reflected i n  the 

r e s p e c t i v e  shapes of t h e i r  d i s t r i b u t i o n  g r a p h s  - a valuable  

t o o l  f o r  r u n o f f  a n a l y s e s .  Thi&llethod i s  used i n  c o n j u n c t i o n  

w i t h  t h e  n n i t  h y d r o g r a p h  s i n c e  t h e  w a t e r s h e d s  i n  t h i s  s t u d y  are 

of d i f f e r e n t  sizes. T h e r e f o r e ,  i& is u s e f u l  ' i n  t h e  a n a l y s i s  t o  

a t t e m p t  an e x p l a n a t i d n  o n  t h e  c h a r a c t e r i s t i c s  o f  surface 

runoff. 

3.2.2.1 C o n s t r u c t i o n  of t h e  d i s t r i b u t i o n  q r a p h  - 

Thouqh t h e  d e r i v a t i o n  o f  the aeae d i s t r i b u t i o n  qraph f r o a  

sererql s i a i l a r  g r a p h s  have been c i t e d  i n  most literature 

(Brater 1340 ; B e p r  1940) , it  is considered reasonable t o  

construct mean d i s t r i b u t i o n  graphs fro. the a l r e a d y  derived 

mean n n i t  h y d r o g r a p h s  for  t h e  w a t e r s h e d s .  T h i s  i s  b e c a u s e  

similar c o n d i t i o n s  of rainfall d i s t r i b u t i o n ,  d u r a t i o n  a n d  o t h e r  



factors- r e q u i r e d  for t h e  u n i t  hydroqraph  are also assumed i n  % 

t h e  a i s t r i b u  tion graph. T h e  r e a s o n s  u n d e r l y i n g  this 

c o n s i d e r a t i o n  a r e  r e p r e s e n t a t i v e n e s s  and  consistency; 

r e p r e s e n t a t i v e n e s s  b e c a n s e  t h e  mean. 30-minute u n i t  hydrographs 

are assumed t o  be r e p r e s e n t a t i v e  qraphs, and consistency i n  

order to avoia any 'errors* t h a t  miqht  incur during the. 

a v e r a q i n g  p r o c e s s  of t h e  d i s t r i b u t i o n  graphs. 

The mean u n i t  hydrographs are i n t e r p o l a t e d  into time i n t e r v a l s  

of 15 rainntes .  The o r d i n a t e  v a l u e s  are suamed and the 

p e r c e n t a g e  of the t o t a l  v a l u e  occurring a t  every tine interval 

c a l c u l a t e d .  These p e r c e n t a g e  v a l u e s  a r e  t h e  numerical 

representation of t h e  d i s t r i b u t i o n  qraphs. I t  should be noted 

t h a t  t h e  time intervals s e l e c t e d  are similar b e c a u s e  t h e  - 
p e r c e n t a q e  v a l u e  c h a n g e s  a c c o r d i n g l y  i f  different t i m e  

i n t e r v a l s  are s e l e c t e d  f o r  each of t h e  mean u n i t  h y d r o q r a ~ h s .  
d 

F o r  example, i f  Is- minu te  and 30- minute  i n t e r v a l s  are s e l e c t e d  

for each c a s e ,  t h e n  the p e r c e n t a q e s  would be d i f f e r e a t  byone 

3 3 C o l l e c t i o n  of data 

The data used in t h i s  study are the r a i n f a l l ,  severflow and 

s k f e - f l e w  5-o~bs for the basins, O t h e r  isfornatf on i n c l u d e d  
1 

are &rial photos a n d  maps n e e d e d  t o  d e t e r m i n e  t h e  u r b a n i k a t i o n  



i n d e x  a s  well a s  for d e t e r m i n i n g  t h e  q u a n t i t a t i v e  geoaorpboloqy  

of t h e  watersheds .  Because o f  t h e  g e o g r a p h i c a l  d i s t r i b u t i o n  of, 

t h e  wa te r sheds ,  t h e  d a t a ,  a e r i a l  photos and  maps uere c o l l e c t e d  

from a v a r i e t y  of qove rne t en ta l  s o u r c e s ;  t h e  C i t y  of Vancouver 

E n q i n e e r i n q  Department, G r e a t e r  Vancouver Sewerage and D r a i n a q e  
. , 
, . 

District, ~ igmna '  E n q i n e e r i n q  Consultants ~ t d ,  and t h e  

En.q ineer inq  D i v i s i o n  of t h e  Surrey R u n i c i p a l i t y .  T a b l e  3.1 , 

shows the respective s o u r c e s  for the rainfall, sewer f low and 

s t r e a n f l o w  d a t a ,  

3.3.1 R a i n f a l l  s t a t i o n s  

Each  w a t e r s h e d  i n  t h e  s t u d y  has a correspondinq recordinq r a in  

qauqe  l o c a t e d .  w i t h i n  o r  v e r y  close t o  t h e  w a t e r s h e d  (Fig. 3.2) .  

Though some i n v e s t i g a t o r s  have  recornmendeb a t  l e a s t  2 r a i n  

g a u g e s  are needed  f o r  t h e  e v a l u a t i o n  of a r e p r e s e n t a t i v e  

r a i n f a l l  d e p t h  for a n  a r e a ,  one r e c o r d i n g  rain qauge  i s  deemed 

sufficient because of t h e  s n a l l n e s s  of t h e  d r a i n a g e  b a s i n s ,  

The l o c a t i o n s  of the respective r a i n f a l l  gauges a r e  shown i n  
Z 

Fiq. 3.2, F o r  1 2 t h  6 HacKenzie, t h e  r e c o r d i n g  r a i n  qauqe is 

located on the r o o f t o p  of the G Y R D  Head o f f i c e  (10th & Vine 

St.) which i<s just  outside the watersbed boundary.  It i s  a  

long tera  (records up to periods of PO d a y s )  t i p p i n q  b u c k e t  

r e c o r d i n g  r a i n  gauge. T h e  time r e s o l u t i o n  i s  10 m i n u t e s  w i t h  

,--"-- 



10th E Alberta Rainfall VCED Oct. '76-Mar. '77 

Sewerf low VCED O c t .  '76-Mar. '77 

Ebbeon Creek Rainfall SEX] Jan. '77-0ct. '77 

S t r e a m f l o w  SEC Jan. '77-0ct. '77 

Hyland Creek Rainfall SEC kc. '76-Oct. '78 

* GVS & DD - Greater Vancouver %rage and Ihginage District 

VCED - Vancouver City Ehgineering Departmnt 

SM: - S- Ehgineering Consultants Ltd. 

Table 3.1 . Data sowx 
1 
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(d) Hyland Crrrk 

i9 
F i g .  3.2 Instrunentatibn of the watersheds. ' 



each 0 , 0 1  i n c h  (approx ,  0 , 2 5  ma) o f  r a i n  c a u s i n g  t h e  b n c k e t  t o  

t i p .  I n  1 0 t h  & ~ l b e r t a ,  the r e c o r d i n q  r a i n  qauge i s  s i t u a t e d  
I 

on t h e  rooftop of Vancouver  C i t y  Ball .  I t  i s  a  t i p p i n q  b u c k e t  

t y p e  w i t h  a time r e s o l u t i o n  of 15 m i n u t e s  while e a c h  s t e p  

t r a c e d  o v e r  i n d i c a t e s  a 0.02 i n c h  o f  r a i n f a l l ,  As f o r  Robson 

Creek and Byland Creek, t h e  r a i n  q a u q e s  maintained a r e ' o f  the 

same d e s i q n ,  which i s  a t i p p i n q  b n c k e t  l o n q  term r e c o r d i n q  

q a u q e  with a  time resolution of h a l f  h o u r  a n d  a tracer step of 

0.01 i n c h ,  The qauge  i n  Robson Creek is s i t u a t e d  just o u t s i d e  

t h e  w a t e r s h e d  boundary .  It i s - , l o c a t e d  a t  the s o u t h  side of t h e  

roof of C e d a r  Hills Schoo l  a t  124 St. a n d  98 Ave, I n  Hyland 
9 L 

Creek, t h e  q a u q e  is  l o c a t e d  on t h e  r o o f t o p  of t h e  storaqe ' 

b u i l d i n q  a t  t h e  ~ i r e  H a l l  a t  No, 10 on 7 2  Ave. near Kinq 
-, 

Georqe Hiqhway. 
- 

3 . 3 - 2  S e w e r f l o w  a n d  s t r e a m f l o w  q a u g i n q  s t a t i o n s  

* 

T h e  s e w e r f l o w  m e a s u r e m e n t s  fo r  t h e  ~ a n c o u v e r  w a t e r s h e d s  are 

r e c o r d e d  b y  s t a g e - d i s c h a r q e  r e c o r d e r s  [ H a n n i n q ' s  Portable 

D i p p e r  Flow Eeter) installed w i t h i n  t h e  sewers: t h e s e  are 

clockwork driven. These i n s t r u m e n t s  are located a t  t h e  j u n c t i o n  

o f  1 2 t h  Ave, a n d  UacKenzie St, a n d  a t  the j u n c t i o n  of 10th 

Ave. and  A l b e r t a  St, 
- 



The dfior aearorenentr for t h e  S u r r e y  w a t e r s h e d s  a r e  

recbrded b y  Type E20 Ott ? a t e =  L e v e l  R e c o r d e r s .  These c l o c k w o r k  

d r i v e n ,  f l o a t - a c t u a t e d  i n s t r u m e n t s  are  i n s t a l l e d  t o q e t h e r  with 

s t i l l i a q  wells. Broad c r e s t e d  weirs of t h e  r e c t a n q u l a r  type 

are used and i n s t a l l e d  across t h e  outlet. The .location of t h e  

streaaflow qattqing station for Flobson C r e e k  is at the c u l v e r t  

headwall  a t  100 Are, n e a r  125  S t .  As for Hyland Creek 

uatershed,  t h e  s t reamf lou  qanqinq station is s i t u a t e d  in t h e  
- 

mainstream of Upper Hyland C r e e k  a t  the 140 St, b r i d q e  

c r o s s i n q .  

3 . 3 . 3  S t a q e - d i s c h a r q e  r e l a t i o n s  

The s t a q e - d i s c h a r g e  r e l a t i o n ,  or more s i n p l y  the ratinq curve 

is established by  c n r r e n t  meter in4  t h e  creeks near the gauges 

- - - t o  o b t a i n  t h e  d i s c h a r g e  for a q i v e n  staqe of the water l eve l .  

represen+tatioe l i n e  i s  d r a m  t h r o u q h  t h e  p l o t t e d  

s t a q e d i s c h a r g e  p i n t s  {Ztppendix B). Any d i s h a r c r e  ro lune  to be 

known u o a l d  s i m p l y  be e x + r a p o l a t e d  from the c u r v e  v i t h  a known 

staqe v a l u e  and, i n  oar case, from t h e  h l d r o q r a p h s ,  

q a o q i n g  in 12th t qacKe3zie  and 10th & Alberta, a soweukat 

Gfferent staqe- f i s c h a s g e  r e l a t i o n  is noted. I n s t e a d  of 



d e t e r a i n i n q  the discharqe v o l u r e s  from ratinq curves l i k e  

Bobsm Creek and Hyland Creek, t h e  discharqe o r d i n a t e  structure 

is expressed in p e r c e n t a q e s  of the maximum discharqe for #e 

sever. The m a x i i a a  d i s c h a r q e  i s  r e p r e s e n t e d  a s  100s. If the 

d i s c h a r q e  in cfs  of, s a y ,  the p e a k  of the ktydroqraph is tc be 

k n o u n ,  t h e  p e a k  d i s c h a r q e  is t h e n  c o t p a t e d  b y  a s i t p f e  

meters per second {ca tecs )  (9.83 cfs)  and 2 - 3 2  c u m e c s  ( 3 1 . 9 8  

cfs) for 1 2 t h  & E a c K e n z i e  and 10th t Alberta r e s p e c t i r e l y .  

3 . 4  Evaluation of da ta  

A prel ir inary e x a a i ~ a t i o n  of t h e  available r a i ~ f a l i ,  severf low 

an3 s t r e a a f l o v  data vas 3one before d e r i v i n q  usik h r d r o q r a p h s .  

?be p r i ~ a r y  events  chosen were i s o l a t e d ,  c l e a r - c u t  a n d  s i n q l e  

p e a k e d  erents except for-the storm dated 11th  3eceaber  1377 f o r  

F i t l and  Creek uhicG vas a c o m p l e x  one. Ev e n  thee t h i s  complex  

s tora  h ~ d r o q r a p k  i s  t h e  r e s o l t a r t i  even t  from t h e  firs*: of a 
L ? 

s e r i e s  of s t o r i  b u r s t s  so t 3 a t  it can be separated f r o a  t h e  

s n c e e d i n q  hyrlrographs b y  ertendiaq the recessional  l i m b  that 

overlaps  t h e  snbsegaeslt h y d r o q r a p h ,  The a n a l y s i s  was a1 so 

3esi-e.3 t o  choose those e r e n t s  o c c u r r i n g  i f n r i n q  the winter 

wetter and dr i er  a n t e c e d e n t  zon,di t ions  a r e  p o s s i b l e  becauife t h e  



8 

r a i n f a l l  i n s t r u m e n t s  do not qauge any light s h o w e r s  less t h a n  
V - 

0.0 1 i n c h .  E r m r s  may even be qreater for 30th 6 Alberta since 

t h e r e  w i l l  o n l y  be r e c o r d i n g s  when r a i n f a l l  of 0.02 i n c h  or 

larger occurs, L i m i t a t i o n s  v e r e  a l so  found i n  the s e v e r f  low 

records. The t h e  r e s o l u t i o n  has an i n t e r v a l  o f  3 h o u r s  which 

is too l o n g  .for a , s h o r t  interval- (say, 5 . ins,) discharge . 

o r d i n a t e  t o  be c a l c u l a t e d .  C o n v e r s e l y ,  because events were 

c a r e f u l l y  c h o s e n  to t e d u c e  ' t h e o r e t i c a l  errors1 t o  a minimum, ' 

o n l y  a v e r y  small number  of qases were used g i v e n  t h e  a v a i l a b l e  

s h o r t  period of r e c o r d s  ( T a b l e  3,1).  

3.5 R e a s u r e m e n t  of in pervious c o v e r  

T h e  

s ide  

The 

impervious cover i n c l u d e s  r o o f t o p s ,  car p a r k s ,  pavement  

ualks, roads ,  and other s n r f a c e s  r e s t r i c t i n g  i n f i l t r a t  

e x t e n t  of these f e a t u r e s  was m e a s u r e d  from ae r ia l  phot 

and maps. I n f o r m a t i o n  used for  1 2 t h  E Macltenzie and 1 0 t h  G % 

Alberta are ae r i a l  p h o t o s  of scale 1 inch t o  200 it. while, 

maps drafted from a e r i a l  p h o t o s  of scale 1 inch t o  400 ft. were 

used for Pobson C r e e k  a n d  Byland C r e e k ,  

There are several ways i n  which  t h e  i m p e r v i o u s  c o v e r  can b e  

measinred. Amoaq t h e  mast p o p u l a r  o n e s  a re  the planimeter and 

using a planimeter may be i n v o l v e d , .  such as, whether t h e  



. o p e r a t o r  h a s  a s t e a d y .  hand, whether  the map h a s  a  smooth o r  

rough s u r f a c e  a n d  whe the r  the area being measured is 

c o n v e n i e n t l y  located f a r  enough fror t h e  e d q e  of t h e  map t o  

allow t r a c i n q  w i t h o u t  the wheel of the i n s t r u m e n t  rnnninq off 

the edge (Uood 1954).  On t h e  o t h e r  hand, t h e  sampl ing  ne thod  

will qire a coarse estimate, In this study,  the Beans of 

measuring the i a p e r r i o u s  c o v e r  is the random d o t  p l an imete r .  

It i s  a r e l i a b l e  means of measurinq the i a p e r v i o n s  c o v e r  of the 

- w a t e r s M s , w i t h  -- an accuracy of 97% ( D e p t  of  aqric, 1370) . 
A d d i t i o n a l l y ,  this t e c h n i q u e  is f a s t  and also simple t o  u s e .  

The  random d o t  p l a n i w t e r  works  on  the p r i n c i p l e  t h a t  t h e  

number o f  r andomly ' spaced  d o t s  falling w i t h i n  a  boundary is  

p r o p o r t i o n a l  t o - q e  area e n c l o s e d ,  I n  other words, if a v a l u e  

i n  s q u a r e  units i s  assigned to each dot, the area e n c l o s e d  b y  

t h e  boundary w i l l  be  the number o f  d o t s  times t h e  v a l u e  of each 
2 

/ 
dot. A p o s i t i v e  of the random dots (in rectang@ar qrids) is 

placed o v e r  t h e  area enclosed by t h e  vatershed.'The t o t a l  

namber of d a t s  falling within the boundary  is  c o u n t e d  t o  

r e p r e s e n t  t h e  total a r e a ,  The next step is t o  c o u n t  t h e  d o t s  

f a l l i n q  within the i m p e r v i o u s  f e a t u r e s  as d e s c r i b e d  eaArlier. 

These are then sammed u p  and d i v i d e d  by t h e  total number of 

dots c o r p n t e d  initially, T h i s  ratio is then the proportion of 
-- - - - - - - -- - - - - - - - - - 

i m p e r v i o u s  area within  t h e  watershed  expressed a s  a percentage 

(Appendix A). 



CBaPTER FOUR 

THE RESULTS 

U . l  I n t r o d u c t i o n  

(An t h e  preceding c h a p t e r s ,  the analytical procedures for t h e  

r a i n f a l l ,  sewerflow, s treamflow d a t a ,  and t h e  measurements  of 

b a s i n  characteristics of the watersheds in t h e  study have been 

presented ,  I n  t h i s  chapter ,  t h e  results of t h e  use of the * 

der ived  unit hpdroqraph, d i s t r i b u t i o n  graph and the runoff 

c o e f f i c i e n t s  i n  t h e  a n a l y s i s  of the i m p a c t  of u r b a n i z a t i o n  on 

peak f l o v s  w i l l  b e  repor te& 

4-2 u r b a n i z a t i o n  and peak flows 

4,2,1 U n i t  hydrographs 

U n i t  hydrographs for t h e  v a t e r s h e d s  were d e r i v e d  from t h e  

p r o c e d u r e s  o u t l i n e d  i n  Chapter  Three, Caut ion  was taken i n  . 
5 

choos inq  the a p p r o p r i a t e  e v e n t s  (see Section 2.2)  and o n l y  a 

small numbef of e v e n t s  were selected (Table 4 . 1 )  for the 

d e r i v a t i o n  of u n i t  hydroqraphs pables 4 . 2  and 4.3). 



Uixtemkj Ikmimge Storm Stom Date h m t i o n  bmtim Rainfall Rainfall 
A h Y l  b. of of (m)" Excess 

(6q. h) Rainfall Wall (m) 
~mins.) rslrPnn 

~ m i n s .  

loth 4 
Alberta 0.76 1 

2 

27th Feb. ' 76 30 

17th M. '76 4 5 

16th Feb. ' 77 30 

7thNov.'76 105 

18th Nov. ' 76 60 

3 20th Ikc.'77 105 60 2.03 0-36 

4 4 t h F e b . ' 7 7  30 30 1.02 0.20 

5 26th Mar. '77 30 30 2.03 0.40 

2.03) 1 23rdMar.'77 7 5 15 2.29 0.47 
9 

2 26th Mar. '77 90 3 0 10.41 0.64 

2 11th Feb. ' 76 540 1 50 19.30 2.87 
I 

3 28th Feb.'77 285 3 0  . 9.14 0.35 

4 4th Agr. '78 360 A 135 ll.18 2.07 

5 20th Oct~'78 270 75 9.65 0.45 



5- 
Wertemhd storm No. Wt Feakfltm Peakflw 

'wmh icurixs. unit h 
bins. 

10th E 
Alberta 

t f y l d  
Creek fl 30 7.83 1.66 

2 150 3.10 0.66 3 

t *3 30 6.58 1.40 

4 135 8.21 - 1.74 

- - - - 

5 

- 

!hhcterf m t s  for deriving mean 30-lsin. unit 

"Table 4.2 I l e r i v e d u l i t ~ c h a r a c t e r i s t i c s  



IwxJm 
Creek 

Table 4 .3  Derived 30-minute unit hydrograph chwacteristics 



4 , 2 , 1 . 1  Peak flows 

P i g .  4.1 shows t h e  a v e r a g e  30-minute n n i t  hydrographs t h a t  have  
-- 

been derived for the watersheds onder stqdy. D e s p i t e  t h e  ' 

v a r y i n g  d e g r e e s  of u'rbanization, t h e  tota l  peak d i s c h a r q e  is 

still, t o  ' a v e r y  c o n s i d e r a b l e  extent, a f u n c t i o n  of the 

drainage area explaining the d i r e c t  r e l a t i o n s h i p  ( 1 2 t h  C 

UacKenzie - 1 . 1 9  cnmecs: 10%h & Alberta - 3.16 cunecs: robson 

Creek - 5 .94  cumecs and; Hyland Creek - 6,71 cumecs), In order 

t o  campare the  storm runoff yields of these bas ins ,  the 

d i s c h a r g e  i n  transformed into cnmecs per square  k i l a a e t e r  

. ( T a b l e  U.4 and Fiq. 1 . 2 ) .  

Prom F i g .  q 2 ,  t h e  hydrographs show that the u n i t  peak flou is 
f 

h i q h e r  i n  t h e  Vancouver watersheds  t h a n  the ones i n  SurreT. 

Fnrthermore, the Vancouver u n i t  h ydrogra phs appear steeper and 

narrower than t h e  broad based o n e s  of Surrey  watersheds (Rylaod 

Creek i n  particular) , Although t h e  d i r e c t  relationship between 

imperv ious  co9er and t h e  u n i t  peak flow i s  apparent (Fig, 4 . 3 ) .  - 

oiit y i e l d s  from 10th & Alberta raise some q u e s t i o n s ,  Despite 

having  the h i g h e s t  camputed , imperr ions  .cover of 50.5X,  the nnit 

peak flow is o n l y  9.27 camecs/sg. La c a p a r e a .  to 4.58 

cnmecs/sq.  km for 1 2 t h  E aacgenzie which i s  45.4% impervious.  

Overall ,  t h e  in terpretat ion  of the data appears to be f a i r l y  



Time (mina.) 
. . 

Fig. 4 . 1  !&an 30-minute unit hydrographs for- 

the four watersheds: 



Table 4.4 Averege 3O-min-e unit hydmgqh chaMcteristics 



Fig. 4 . 2  hhm 30-minute unit hydrographs [per unit area) 
for the watersheds. 



- - - - - - - - - - -- - - - - - 

Pig. 4.3 klationship between peak discharges (craecs/sq. b) 
.nd the degree of urbanization. 



c o n s i s t e n t  with the general as sumpt ion  of t h e  thesis w i t h  the 
P 

minor  except ion of 10th  & b l b e r t a ,  

4 .2 .2  Dis tr ibut ion  graphs 

Like t h e  u n i t  hydrogrhph. the d i s t r i b a t i o a  graph, however, 

7 g i v e s  a more explicit q n a n t i t a t i  4- e i n d i c a t i o n  on t h e  t i a i n g  of -, 

t h e  rate o f  surface r u n o f f .  Though it would d e f i n e  the 

hydroqraph less e x p l i c i  t l p  than i n  s tantaneons  flow ( L i n s l e y ,  et 

ale 13581, i t  is deemed an a p p r x p r i a t e  tool for compar i son  'as 

i t  shows t h e  p e r c e n t a g e  c o n t r i b u t i o n  c h a r a c t e r i s t i c s  of t b e  net 

storm. It is a l s o  p r e f e r a b l e ,  as ment ioned  earlier, s i n c e  t h e  

s t u d y  inc ludes  different sized wate r sheds .  

Pig.  4.4 i l l u s t r a t e s  t h e  d i s t r i b u t i o n  graphs d e r i v e d  a t  

15-.inate i n t e r v a l s .  Rote t h a t  the & r c e n t a q e  of flow 

increases r a p i d l y  for 1 2 t h  & l a c l t e n z i e ,  with  a peak 

c o n t r i b a t i o n  of 42.35 of the t o t a l  storm r u n o f f  f F i q .  4.5 and 

Table 4.5) , Compared t o  t h e  rest which are mofe qsadual ,  t h e  

ra t ias  of p e r c e n t a g e  peak flows computed are a b o u t  40: 25: 23: 12 

for 12th S OacKenzie,  10th 6 Alberta, Bobson Creek and Byland  

C r e e k  a c c o r d i n g l y .  & g r e a t e r  ortion (66.9%) of t h e  storm < 
runoff  is delirered oat  of t h e  uatershed a t  the t ire  of peak - 

- - - - - -  - - -  - - - - 

h- 

discharge f o r  12th 6 8ackenzie v a b l e  4.5) .  S l i g h t l y  o v e r  112 

(53.3%) is a c c o a a t e d  for 10th 8 k l b e r t a ,  w h i l e  45.73 and 32.4% - 



F i g .  4.4 Distribution graphs frm mean 30-minute 

mi t hydrographs . 



1 

and Fig. 4 ;S Rslationship between 

impervious cover. 

distribution flow 
% 



- - -- 

Time . 12th 6 loth 8 bb6on 
Qlcfinates lhlknzie Alberta C r e e k -  

Hvm 
&eel€ 

(lains. 1 

Table 4.5 Ordinates of dis-tion g q h s  in percentages 



are s i m i l a r l y  comaputed for Robson C r e e k  and Hyland Creek 

r e s p e c t i v e l y .  T h e s e  f i g u r e s  g i v e  some i n d i c a t i o n  of the rate  of 

flow, which in turn  i m p l i e s  the rate'of delivery by t h e  

draisa 9e s y'stee. 

9 
4 . 3  Orbanizatioe and hydrograph s h a p e  

4 3 3 T i m e  ~f rise  

B 

The time of r ise  {sometimes known a s  t h e  p e r i o d  of r ise)  ray be Z 
defined a s  the tilae fxom the b e q i n a i n q  of storm runoff to peak 

d i s c h a r q e  (Pig. 4.6). General ly ,  t h e  ti$e of rise for a small 
1 

watershed is a f u n c t i o n  of three factors: 

ace properties, which i n v o l ~ e s  such facktors as: 

impervious coveF, c h a n n e l  cha-racteristics, land use, so i l  

~ o i s t u r e  and q e o l o q y .  

b) g w a e t r y  of watershed, as d e f i n e d  by area, l e n g t h ,  slope and 
-j 

shape. 

c) storm characteristics, as expressed b y  s i z e ,  duration and 

intensity., 



T i m e  

P i p i q 6  U n i t  hydrograph properties (see t e x t  for definiti.ons) . 



charcteristics, the t im of rise can be considered a f n d c t i o a  
I' 

of the sur face  properties and watershed geometry, S i n c e  t h e  

surf ace- properties are r e a s o n a b l ~  stable over a period of time, 

it is peratissible for us to assure t h a t  t h i s  factor  and t h e  

watershed geometry is cons tant ,  

Table 4,3 shows  t h e  t i n e  of rise  computed for the watersheds as 

a r e a l *  of 30-sis~te r a i n f a l l  excess, It .is q a i t e  c h a r  that 

shorter times of rise are exper ienced  by t h e  Vancouver 

watersheds, Fig, 4.2 may i l l u s t r a t e  this more clearly when t h e  

average 30-minute u n i t  hydrographs  are derived (see also Table 

4 , 4 ) ,  12th d BacRenzie has a time of rise of 3 0  minn$es, which 

is IS m i n u t e s  shorter than 10th .& Alberta ,  As for Bobson Creek 

and fIyland Creek, the time of rise i s  delayed for t h e  former by 

a difference of o n l . ~  7 minutes .  The computed t i n e  of r i s e  

seems to correlate q u i t e  s t rong ly  t o  t h e  sta te  of development 

of the watersheds, However, caution s h o u l d  also b e  exercised 

i n  interpreting these values as watershed s i ze  w i l l  have a 

s i g n i f i c a n t  effect on t h e  time of rise, Hence, t h e  c o n s t r a i n t  

here l f e s  with the unequal watershed s i zes ,  

D e s p i t e  h a v i n q  the h i q h e s t  value for the lenqth of the lowest 

c h a m e l  (Table 2 .5 )  , and b e i n g  an u n u s u a U y  e l o n q a t e d  

watershed, 10th 5 A l b e r t a  h a s  a shorter time of rise compared 



to t h e  basins i n  Surrey, The writer mentioned the above 

parameters, i,e, l e n g t h  of t h e  l onqBs t  channel and gatershed 

shape, b e c a u s e  t h e i r  significance l i e s  in t h e  d i s t a n c e  t h e  

storm runoff h a s  to travel  to t h e  outlet, A d d i t i o n a l l y ,  t h e  ' 

time for peak d i s c h a r g e  to occur will, t o  a v e r y  larqe extent, 

depend on these 2 phrameters, One possibility besides tire 

degree of iapervioasness in e r p l a i n j n g  the shorter time of rise 

would be the efficient "eweeaqe system that l a t h  G Alberta i s  

equipped w i t h  coepared to t h e  p a r t i a l  we of open d i t c h e s  and 

watercoafses of the Surrey w a t e r s h e d s ,  

4.3.2 U n i t  hydroqraph * w i d t h s  

The unit hydrograph w i d t h s  are w i d t h s  at 0, 50  and 75 percent 
C 

o f  the peak d i s c h a r g e  (pig. 4,6). A c c o r d i n g l y ,  it r a y  be  

represented as PO (also known a s  the time base ) ,  U50 and U75. 

They are expressed i n  n i n n t e s .  The characteristic v i d t h s  for a 

g i v e n  nnit of d u r a t i o n  i s  a function of  t h e  n n i t  p e a t  discharge 

(Corps of Enqrs, t 9 4 8 ) .  The widths  are determined  larqe ly  by 

the geometry and type of watershed, which a r e  therefore 

described by the shape of the u n i t  h y d r o g r a p h ,  Aaotber way of . 

l ook ing  at it is t h a t  i•’ t h e  storaqe between watersheds d o e s  

not vary s i q n i f i c a n t l y  then  a s t r o n g  correlation among t h e  

widths vonld be the r e s u l t ,  



if- 

.Prom T a b l e  4.6, t h e  d i s t r i b u t i o n  of nnit  hydroqraph widths are 

p l o t t e d  h P i g .  4 .7 a g a i n s t  the maximum p 8 ak flow per unit 
area, A best f i t  line i s  drawn through t h e  'WO, US0 and 1175 

a c c o r d i n q l y .  A nnaber of o b s e r v a t i o n s  can be o b t a i n e d  from F i q .  

/ F i r s t l y ,  the c o r r e l a t i o n  of data for Y O  is t h e  weakest compared 

to  the o t h e r  2 w i d t h  values. T h i s  i s  because b a s e  widths 

e s s e n t i a l l y  depend o n  2 factors: t h e  n n i t  d u r a t i o n  or d u r a t i o n  

of r a i n f a l l  excess and, the size of t h e  watersheds .  A lonqer 

unit duration w i l l  result i n  l o n q e r  base w i d t h s ,  as  will t h o s e  

from l a r g e r  w a t e r s h e d s .  

S e c o n d l y ,  t h e  ' d a t a  scatter for R50 and H75 varies, but q u i t e  

c o n s i s t e n t l y  wi th  the magnitude  of peak d i s c h a r g e .  The  

r e l a t i o n s h i p  i s  inverse between peak d i scharqe  p e r  u n i t  area 

and widths.  This cha'racteristic i s  attributed to  the fact t h a t  

t h e  area of t h e  graph i s  c a n s t a n t  ( 1  cm of rainfall excess) ,  

and t h a t  t h e  shape i s  f u n d a n e n f a l l y  t r i a n q u l a r .  

T h i r d l y ,  there is a d i s t i n c t  d i f f e r e n c e  i n  the scatter of d a t a  

between t h e  C i t y  of Vancouver uatersheds  and Sarre y watersheds ,  

U n l i k e  the  rest,  Robson Creek r e c o r d s  a relatively longer base * 

width but w i t &  very narrow w i d t h s  a t  W50 and R ? S ,  The narxov 

w i d t h s  a t  U 5 0  and W75 seems t o  sngqest t h e  r a p i d i t y  a t  which 



lbhle 4.6 3Ckmhute unit hydrograph widths 



Fig. 4.7 Relationship between wit hydrograph widths 

and unit peak discharge. 



storm runof f  is  c o n v e h e d  to the o u t l e t .   his has a c t u a l l y  been 
-4 

by t h e  shape  of the hydrograph as  stated earlier, On 

the o 4 r  hand, Byland Creek records r e l a t i v e l y  broader 1150 and 
a 

E75 r i i t h s ,  which seems t o  soqqest a higher storaqe c a p a c i t y  

within t h e  w a t e r s h e d s .  

Lastly, t h e  c o r r e l a t i o n  weakens a s  w e  descend t o  v f  d t h s  a t  8 5 0  

and 510 for a l l  d a t a  points. The  reason i s  perhaps not hard t o  

f i n d .  Since the widths are another interpretafion of the s h a p e  

of the unit hydroqraph,  i t  i s  'not suprisinq t h a t  t h i s  f a c t o r ,  

i . e ,  shape, is t h e  principal determinant of the  width  values. 

T o  a v e r y  l a r q e  extent, the s h a p e  depends  on t h e  amount of 

storage that o c c u r s .  T h i s  is to say that a hydroqraph with . 
broad w i d t h s  a t  Y O ,  R50 and W75 w i l l  r e s n l t .  Therefore, 

because t h e  s torage  capacity varies for t h e  w a t e r s h e d s ,  t h i s  is  

reflected by t h e  vider v a r i a t i o n s  of data p o i n t s - a t  U O  and V50. 

4.9 Runoff  c o e f f i c i e n t s  

The determinat ion  of r a i n f a l l  excess or effective rainfall will 

y i e l d ,  in turn, the direct runoff  or, indirectly, t h e  surface 

loss for a given storm, 

G e n e r a l l y ,  the types of l o s s e s  t h a t  occur i n  urban and natural 

watersheds are the same except t h a t  one nay be more dominant 



t h a n  , t h e  other, Three p r i n c i p a l  t y p e s  of losses can be 

recoqnised; i) d e p r e s s i o n  storage; ii) i n f i l t r a t i c n  i n t o  the  
i 

s u b s u r f a c e  soil and; i i i )  i n t e r c e p t i o n  by v e g e t a l  cover. 

a) Depression storage - This i s  rater stored i n  n a t u r a l  

d e p r e s s i o n s  as  well a s  those that are man-made. Han-wde 
1 

d e p r e s s i o n s  include p a r t l y  d e p r e s s e d  s i d e w a l k s ,  vacant l o t s  and 

carefully graded lawns, The water t r a p p e d  i s  ultimately 

d i s p o s e d  by evaporation and i n f  Some i n v e s t i q a t o r s  

have assnred o v e r l a n d  flow t o  y when a l l  @ 
depressions are filled, b u t  i t  is  more, reasonable to  assume 

this only if the larger d e p r e s s i o n s  are grouped near t h e  

downstream e n d  of all o v e r l a n d  flow strips - { ~ h o l i n  and Keifer 

1960). 

b) I n f i l t r a t i o n  loss - T h i s  is t h e  water that infiltrates ,into 

the subsurface soil, I n f i l t r a t i o n  losses w i l l  depend l a r g e l y  on 

the t y p e t f  soil w i t h i n  t h e  area. I n f i l t r a t i o n  rates i n c r e a s e  

from fine t o  coarse t e x t u r e d  sass. General1 y however, t h e  

initial infiltration c a p a c i t y  is h i q h ,  an4 is  qradnally lowered 

u n t i l  ..it r e a c h e s  a c o n s t a n t  rate a s  t h e  r a i n  c o ~ t i n u e s ,  The 

differences in and within w a t e r s h e d s  have been assumed t o  be 

rininal because of the d i s t r i b u t i o n  of the s u r f i c i a l  deposits 

(see  F i g ,  2 . 2  and Table 2 . 1 ) .  A d d i t i o n a l l y ,  i t  may be 

i n t e r e s t i n g  to  n o t e  t h a t  i n f i l t r a t i o n  c a p a c i t i e s  are a c t u a l l y  



b e i n q  mod i f i ed  i n  n rban  areas b e c a u s e  of f reguent d i s t u r b a n c e s '  

 fro^ v e l l  ma in t a ined  l awns  t o  areas used b y  heavy machineries. 
@. 

Hence, o n l y  t h e  open s p a c e s  which are l e f t  u n d i s t u r b e d  could a 

r e l i a b l e  r a n q e  of  i n f i l t r a t i o n  for a p a r t i c u l a r  soil t e x t u r e  be 

e s t i m a t e d  and  used. 

c) In tercept ion .  loss - This is s t o r a g e  and retention by and on 

v e g e t a t i o n .  O f  c o u r s e  interception f o r  bare ground and 

i n p e r v i o n s  surfaces is zero .  T h e r e f o r e ,  g e n e r a l l y  speakinq, 

interception w i l l  depend on the amount o f  v e q e t a t i o n  l e i  t i n  

t h e  urban wa t e r sheds .  

I n  the e v e n t  of a  storm, t h e  loss rate w i l l  depend on t h e  s t o r n  

c h a r a c t e r i s t i c s ,  w h i l e  t b e  a c t 6 1  v o l o ~ e  los t  r i l l  e s s e n t i i l l y -  
< 

be dependen t  on  the n a t u r e  of t h e  wa t e r sheds  i n  terms of 

s t o r a g e  c a p a c i t y ,  topaqraphp, l a n d  use, v e g e t a t i o n  and 

s e a s o n a l i t y .  For nrban wate r sheds ,  it is r e a s o n a b l e  to assume a 

lesser role by i n f i l t r a t i o n  and i n t e r c e p t i o n  i n  storage 

c a p a c i t y  becanse of'  the presence o f  roads, parking lots 

b u i l d i n q s  and t h e  like; which, as mentioned earlier, i n c r e a s e s  

the deg ree  of i m p e r v i o u s n e s s  of  t h e  d r a i n a q e  b a s i n s .  

Converse ly ,  depression s t o r a g e s  assume a dominant  r o l e  i n  t h e  

staraqe capacity, thus representing t h e  major farm of loss i n  

urban b a s i n s ,  This i s  no rma l ly  assumed becanse t h e  

a o d i f i c a t i o n s  in the i n i t i a l  landscape o f t e n  r e s u l t  i n  q r e a t e r  

areas f o r  pondage. 



~esp i t e  snch losses one would expect 'that for a given storm, 

greater storm t u n o f  f volumes from urban watersheds coppa red to 

r u r a l  or natural ones because of t h e  e x t e n t  of imperviousness 

rendered a s  the af fec ted  area undergoes  developaent. The 

v o l u t e  lost could  be e x p r e s s e d  as: 

tosses = Rainfall - Raipfaql excess 

or, it may b e  written as, 

Runoff c o e f f i c i e n t  = R u n o f f f r a i n f a l l  (expressed i n  a r a t i o  or 

Table  4.7 shows the- corapoted r u n o f f  coefficient for t h e  
, 

i n d i v i d n a l  storm e v e n t s .  The mean r u n o f f  coefficient for 1 2 t h  & 

d, HacKenzie is 19.1%; 10th G Alberta - 16.51;  Robson Creek - 
12.7%: Hyland Creek - 9.1%. T h i s  means t h a t  the losses from 

storms a r e  qreater for areas with less i s p e r v i o u s  cover ( P i q .  
C 

4 . 8 ) .  This  i s  l o g i c a l  a s  most of t h e  rain would b e  e x p e c t e d  to  

infiltrate or be  i n t e r c e p t e d  a n d  s u b s e q u e n t l y  l o s t .  somewhat 

s n p r i s i n q ,  12th E Uackenzie  has a lesser loss than 10th G 
. - 

Alberta, d e s p i t e  hav ing  a smaller proportion of i ~ p e r v i o u s  

cover. One possibility is t h a t  the depression storaqe 
- 

0 

component mag be h i q h e r  in 10th G Alberta as a r e s u l t  of havinq 

more paved areas  around. 
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Fig.  4 . 8  'Relationship between rainfall and rainfall losses. 
s i r  



I t  was a l s o  o b s e r v e d  t h a t  the range of t h e  r u n o f f  cueif icients 

'from i n d i o i d n a l  stof as is v i d e  for .all watersheds (12th G 

RacKenxie - fros 8.7% to 36.32; 10th & Alberta-- froa 7.35% to ,/ 

19.7%; Robson C r e e k  - froa 6 . 1 %  to- 20.5% and; Hpland Creek - 
- 

fro. 3.4% to 8.5%).  This variation may be attributable t o  the 

d i f f e r e n c e s  i n  antecedent c o n d i t i o n s ;  t h a t  is, d r i e r  or wetter 

antecedent c o n d i t i o n s  a r e  p o s s i b l e  even though care was taken 

t o  c h o o s e  i s o l a t e d  events .  . As a e n t i o n e d  earlier, b e c a u s e  of 

t h e  type of r e c o r d i n g  r a i n  gauqes used (see Section 3 . l . f  ), it 

i s  p o s s i b l e  t h a t  very l i q h t  d r i z z l e s  were n o t  r e c o r d e d  prior t o  

t h e  occurrence of a.  much heav ier  storm. C 

~ b a i n ,  from Fiq. 4 . 8 ,  notice that t h e r e  i s  a clear i n d i c a t i o n  
+ 

tbat  rainfal l  losses h a v e  a  d i r e c t  r e l a t i o n s h i p  w i t h  storm 
î i 

s i z e .  It i s  most probable t h a t  even a s  the stora proqresses, -- 

i n f i l t r a t i m  and d e p r e s s i o n  storage capacities a r e  n o t  

fulfilled but  con 4 iaoe a s  t h e  storms chosen a r e  predominantly 

of short d u r a t i o n s ,  Nevertheless, the results a l s o  infer that 

the rainfall excess i n c r e q s e s  with  s t o r a  size, Therefore, e v e n  

t h o u q h  most investiqators have  p r o f e s s e d  t h e  ' s i q n i f i c a n c e t  of 

d e p r e s s i o n  storages b e i n g  filled b e f o r e  r a i n f a l l  excess can 

occnr, it 'canld be a r g u e d  here tbat t h e  time taken to f u l f i l  
i 

t h e  depres&on s toraqes  w i l l  depend on t h e  amount of s u c h  

storages, t h e  storm size, duration and i n t e n s i t y ,  



Tndee 4 , from t h e  results of t h e  three a n i t  hydroqraph 

characteritics; i) peak flows: ii) time of rise and; iii) u n i t  

hydrographs, solae implications of t h e  ef feet of u r b a n  l a n d  use 

on peak f l o w s  c a n  be arr ived  at. However,  it mast be emphasised 

that despite the fact t b a t  t h e  w a t e r s h e d s  i n  l and  use 

intensity, t h e y  a l s o  vary ph ysioqraphicallp.  Such 

d i s s i m i l a r i t i e s  uill also account  f o r  variations i n  p e a t  flous. 

The runoff coefficients show q u i t e  c lear ly  t h e  relationship 

with t h e  deqree of u r b a n i z a t i o n ,  though minor variations 

b e t u e e n  i n d i v i d u a l  storms do occur. 



CHaPTER FIVE 

Dr sguss ION 

.+ 
5.1 I n t r o d u c t i o n  

In the preceding c h a p t e r ,  the results from t h e  anit hydroqraph, 

d i s t r i b u t i o n  qraph a n d  r u n o f f  c o e f f i c i e n t  analyses have been 

p r e s e n t e d .  T h e  r e s u l t s  o b t a i n e d  are consistent with the 

qeneral assumption t h a t  peak flows u i l l  vary  d i r e c t l y  w i t h  

u r b a n i z a t i o n .  However, i t  would be naive to i q n o r e  the 

i m p o r t a n t  i n f l u e n c e s  of t h e  qeomorpho log i c  chara teristics o n  J 
t h e  peak flows. This is because s o n e  c o n t r o l  i s  exercised on 

stormflows b y  t h e  qeomorphology for a  qiven b a s i n ,  which; it i s  

b e l i e v e d  to be i ~ p o r t a n t  i n  t h e  present  s t u d y .  Therefore, i n  

o r d e r  t o  accomodate  a c o m p i e t e  discussion, t h i s  chapter is 

d i v i d e d  i n t o  two main s e c t i o n s :  i) l a n d  use and; ii) 

- 
5 . 2  Land u s e '  

Land use can have the most s i q n i f i c a n t  impact on h y d r o l o g i c a l  

rela%ioasbips.  'Phrouqftuut t h i s  t h e s i s ,  t h e  proportion of 

imperrions  carer of uakersheds his been termed the urbanization 

i n d e x .  To a very large e x t e n t ,  the results  &ndicp(e t h a t  t h e  

r a q n i t n d e  of u n i t  peak discharge  is difectly refated to the 



\ 

u r b a n i z a t i o n  index,  However, a s  shown earlier,  a number of the 

resu l t s  do appear t o  be rather abnormal, It was therefore f e l t  

>yk 
-2 - necessary to  have a closer e x a m i n a t i o n  of land use. 'Puo a s p e c t s  

will b e  dealt w i t h  s e p a r a t e l y ,  naaely, the deqree  of 

u r b a n i z a t i o n  and urban l a n d  u s e  pattern. 

5.2.1 Degree of u r b a n i z a t i o n  

Qne of the considerations in t h i s  study is that the imp'eroious 

portions of the watersheds  rill  c o n t r i b u t e  a certain p e r c e n t a q e  

of rainfall t o  direct r n n o f f .  I t  i s  also u i t h i n  t h i s  context 
'0 

t h a t  t h e  peak f laws  will b e  l a r q e l y  i n f l o e i c e a  by  the amoant o f  

storm r u n o f f . -  I t  is fe l t  that this is where the r u n o f f  

coefficients a r e  i h p o r t a n t  when a s s e s s i n q  the role of the 

~ i m p e r v ~ o u s  cover on t h e  hydrology of the basins. 

From P i q .  5.1, there appears to be a general t r e n d  whereby the 
1 

runoff c o e f f i c i e n t  c o r r e l a t e s  p o s i t i v e l y  w i t h  the extent of 
k 

imperr ions  c o v e r .  However, i t  should be nqted that t h e  data 

points hare a rather wide s c a t t e r  for individual storms { P i q .  

Although s e v e r a l  possibilities exist for e x p l a i n i n q  the 

v a r i a t i o n s  of runoff coefficient v a l u e s  h a v e  been aade {see . 

S e c t i o n  4.6) , a more c o m p r e h e n s i v e  a s s e s s m e n t  of t h e  runoff . 



Fig. 5.1 Relationship between rainfall excess and peak discharge 

per unit area. 
9 



coefficients will be nade. T h i s  is done by comparinq  the r u n o f f  

ratios for storrs i n  the studies c a r r i e d  out by E a q l e s o n  (1962)  

Texas (Fiq. 5 .2 )  compared with the results o b t a i n e d  i n  t h i s  

study, I> 

P h i l e  t h e  comparison of r u n o f f  ratios betveen these three s t u d y  
4 

a r e a s  may have been o b s c n r e d  bp differences in soil t y p e s ,  the 

wide scatter  of data does  n o t  r e f s c t  a s t r o n q  correlat ion 
\ 

/' 
'-dJ 

b e t  ween t h e  i m p e r v i o u s  cover and rnnof f r a t i o s .  One explanation 
A' 

may be  t h a t  t h e  ef f e c t i o e n e s s  of re t e n t i o n  and depression 

storaqes i s  e x p e c t e d  t o  vary  from o n e  place to another despite 

the p r o p o r t i o n  of i m p e r v i c u s  c o v e r ,  Such a r e s n l t  and its 

e x t e n t  will depend on t h e  precise nature of urban deve lopment:  
B 

for i n s t a n c e ,  larqe depression storaqe v a l u e s  may resnlt from 

parking l o t s  a n d  huge v a c a n t  s p a c e s .  It is suggested ' t h a t  s u c h  

storaqes may be more ~ i g n i f i c a a t  i n  10th E Alberta compared to 

t h e  c o u n t e r p a r t ,  12th & BacKenzie in t h e  t h e  p r e s e n t  s t u d y .  

This is so since the computed Sean r u n o f f  coefficient v a l u e  for 

t h e  foraer is lower than that  for the. latter.  

Similarly, eren thouq< the r e l a t i o n s h i p  between r a i n f a l l  excess 

and u n i t  peak flows correlates fthonqh no-t hiqhly) with tbe 

p r o p o r t i o n  o f  bapesrious cover (with t h e  c o n s i s t e n t  exception 

of. 1 0 t h  E Alberta), the i n d i v i d u a l  basin response does n o t  seem 
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l o g i c a l  {Pig. 5 . 1 ) :  instead of a  direct relationship a s  one 

would expect it to be, t h e  results tend t o  b e  the indirect. It 

r a y  be t h a t  the v a r i a t i o n s  of r a i n f a l l  e x c e s s  r e s n l t i n q  from a 

q i v e n  storm and the pmr r e l a t i o n s h i p  between r a i n f a l l  e x c e s s  

and u n i t  peak  f l o v  are f u n c t i o n s  of t h e  storm characteristics. 

5 . 2 . 2  Urban l a n d  u s e  p a t t e r n s  

Pror  earlier hydroqraph s t u d i e s ,  i t  uas p o i n t e d  o u t  that  a t  i. an 

l a n d  u s e  p a t t e r n s  can i n f l u e n c e  hydroqraph shape. Before 
i 

- * 

d e r o n s t r a t i n q  t h i s  influence, it n a y  b e  useful t o  p r e s e n t  a 

h y p o t h e t i c a l  s i t t la t i  oc f i r s t .  

For t h i s  h y p o t h e t i c a l  s i t u a t i o n  { P i g .  5.3), three areas f o r  

urban development in t h e  watershed h a v e  b e e n  c h o s e n  to 

3 e a o n s t r a t e  the effect of d e v e l o p m e n t  on t h e  h y d r o q r a p h .  In 

case A ( P i q .  5.3A) where d e v e l o p a e n t  takes p l a c e  dovns trearn ,  - 

one would e x p e c t  a v e r y  q u i c k  time of r i s e  ic the  h p d r o q r a p h  

b e c a u s e  r a i n d a l l  excess f ron t h e  i n p e r v i o u s  areas 

{ p r i n c i p a l l y ) ,  aided by t h e  i n s + a l l e d  storm s e v e r s ,  takes a 

shorter t i n e  aad clistance to t r a v e l  t o  t h e  o u t l e t .  S t o r r  runoff 

from f o r t h e r  npstrear will take a lonqer time to do so, As a 

result, t h e  hydroqraph recorded i s  o n e  which i s  s k e u e d  to the 

left. The qen+Ie s l o p i n q  recessional limb i n a i c a t e s  the sradual  

i n f low of s t o r l  rn3off from npstream. Tn c a s e  B ( P i q .  5 . 3 @ ) ,  



Fig. 5.3 Hypothetical developent in a watershed with 
schematic hydrographs. 



where d e v e l o p m e n t  i s  as sumed  to h a v e  taken p l a c e  in m i d s t r e a m ,  

the r e s u l t a n t  hydrograph peak may a p p e a r  t o  be symmetrical w i t h  

a l o n q e r  time of rise. I n  case c,' ( P i q .  5.3C). the reverse of 

case A r e s u l t s  when development  occurs upstream. The r e s u l t a n t  

h y d r o q r a p h  i s  o n e  which i s  skewed t o  t h e  right. 

Hyland Creek i n  p a r t i c u l a r ,  records a somewhat  t y p i c a l  

h y d r o q r a p h  similar t o  case A i n  the hyphothetical s i t u a t i o n .  

Urban d e v e l o p m e n t  is  f a r  n o r e  i n t e n s i v e  d o v n s t r e a a  a n d  portions 
'. 

o f  t h e  midstream, e.q. a l o n g  6 6 ,  67,  68 ,  7 2  Avenues and 128 St. 

(Piq. .  2.9) . As a result, storm r u n o f f  reaches the outlet 

rather r a p i d l y  w h i l e  t h o s e  f u r i h e r  u p s t r e a a  g i l l  take a lanqer  
..-- 

time t o  do  so. T h i s  explains p a r t l y  for t h e  relatively i-ast 

r i s e  for its b a s i n  size and still a p r o p o r t i o n  of 67-55 of 

0 runof f  volume a f t e e  t h e  peak ( F i q .  4*4). 

An a n a l a g o a s  e m t h e  h y d r o g r a p h  w i l l  take piace i f  ~tor. 

movements are n i n t o  c o n s i d e r a t i o n .  T h i s  h a s  been  

d e m o n s t r a t e d  b y  a  s i c a l  aode l  s t u d y  b y  Roberts a n d  Kl inqeman 

1970. Dependi h e  l o c a t i o n  of a  storm i n  a drainaqe 

. basin, the hydroqraph r e s p o n s e  will be s i a i l a - r  t o  that 

q e n e r a t e d  by l a n d  use patterns. I n  o t h e r  words,  a s imi lar  
- 

ou tcome  b u t  r e s u l t i n g  from v e r y  different p r o c e s s e s .  



5.3 G e o m o r p h o l o g i c a l  c h a r a c t e r i s t i c s  

3 

I t  is  n d  p o s s i b l e  w i t h i n  the scope of this s t u d y  t o  e x p l a i n  

and account f o r  t h e  role p l a y e d  b y  all t h e  w a t e r s h e d  

c h a r a c t e r i s t i c s  on t h e  t e m p o r a l  d i s t r i h u k i o n  of runoff. 

'Houever ,  it i s  h y p o t h e s i z e d  that drainage network 

c h a r a c t e r i s t i c s  and b a s i n  s h a p e s  o f  the uatersheds,  in this 

s t u d y ,  a r e  major i n f l u e n c e s  on the u n i t  area h y d r o g r a p h .  

5.3 .7  Drainage n e t  works: natural  and man-made 

Other t h i n q s  r e ~ a i n i n g  c o n s t a n t ,  t h e  rate at which water is 
4 

c o n v e y e d  by sevezs fo r  a qiven distance is much f a s t e r  than  t h e  

open  ditches a n d  w a t e z c o n r s e s .  T h i s  is a r e s u l t  of the  

h y d r a u l i c  efficiency of sewers i n  ~ t r a n s p o r t i n q  water f s o m  one 

p o i n t  t o  t h e  other.. 

In t h e  Surrey w a t e r s h e d s ,  t $ e  open ditches and w a t e r c o u r s e s  

- (the d i f f e r e n c e  b e t w e e n  an open d i t c h  and  w a t e r c o u r s e s  i s  t h a t  

t h e  former is man-made while the latter i s  a n a t u r a l  s treaa  

c h a n n e l )  are mostly vegetated. I n  a f i e l d  s u r v e y ,  i t  was n o t e d  

tha t  t h e  u p p e r  r e a c h e s  of the watercourses are more h e a q i l p  

v e g e t a t e d  t h a n  t h e  lower r e a c h e s .  P o r  t h e  open d i t c h e s  
* 

however ,  the p r e s e n c e  of v e g e t a t i o n  varies  fror one place t o  

a n o t h e r .  V e q e t a t i o n  i n  channels i m p e d e s  the f l o w  of water 



which r e s u l t s  i n  a less efficient d r a i n a g e  system. An 

i n s p e c t i o n  o f  the open ditches a l s o  r e v e a l s  an  i n t e r e s t i n q  

characteristic '- p o n d i p q .  Parts of  t h e  d i t c h e s ,  especially 
B 

t h o s e  with depressions are e x c e l l e n t  detention stotaqe f e a t u r e s  

I P i q ,  2 . 8 a )  : the water t r a p p e d  d o e s  not c o n t r i b u t e  to direct 

r u n o f f .  I n s t e a d ,  i t  represents a l o s s  thereby reducinq storm 
D 

r u n o f f  volumes. 

\ TO a very  larqe extent the storm s e v e r s  a r e r e s p o n 2 i b l e  for  a 
\ 

\A-l e $ y % o f  storm runoff (storm s e v e r s  form part  of t h e  

d r a i n a g e  system for Robson Creek--51.4% and: Ryland 

ek--41.5% The percezitaqes refer t o  the' proportion of t h e  

t o t a l  d r a i n a g e  network i n  sewers) . From F i g s .  4.-1 and 4-2, it 

is shown t h a t  t h e  r e c e s s i o n a l  l i m b  of the hpdrograph f a l l s  

quite s h a r p l y  but t h e n  rather q r a d n a l l y  towards the end. One 

s u q q e s t i o n  i s  t h e  p q s s i b l e  effect of v e g e t a t i o n  in impedij lq  the 

rate of flow so t h a t s i  even after 'the peak, i a t e r  i s  s u p p l i e d  to 

t h e  o u t l e t  very s l o w l y . ,  Three reasons have  b e e n  s u q q e s t e d  for 

this c h a a c t e r s t i c :  ' .  f i r s t l y ,  a relatively l a r q e  p r o p o r t i o n  of 
e 

the storm ranof f has Been d e l i v e r e d  out of the watershed a t  

a p p r o x i m a t e l y  t h e  same period of 'time. T h i s  i s  larqe ly  d u e  to 

the s h a p e  f a c t o r ,  which i s  d i s c u s s e d  in section 5.3-3; 

secondly, t h e  storm seuers may have- i n c r e - a s e d  the r a t e  of f40w 

thereby d e c r e a s i n q  the time of rise and; t h i r d l y ,  retardant 

effect of t h e  v e g e t a t i o n  is m a n i f e s t e d  i n  the sec 
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much shorter time of rise, h i g h e r  peak f l o w s  but a l s o  narrower 
, 

MO, US0 and'  W7S unit hpdroqraphs,. 

/ 
5 , 3 , 2  Drainaqe d e n d t  y <\ 7 '  

Drainage density h a s  often b e e n  r e c o q n i s e d  to b e  very closely 

related to peak discharge (Langbein,  and o t h e r s  1947; Greqosy 1 
and Y a l l i n q  1968) though t h e r e  have been some cbntradic tory  \ Q 

results. Roreover, i t  has been one of t h e  most c o ~ m o n l ~  u-d 

p a r a a e t e r s  in s t u d i e s  relating hydrologic and qeoeorphic a - 
c h a r a c t e r i s t i c r S  of r e q i o n s ,  An atteapt was nade to r e l a t e  this 

p a r a m e t e r  w i t h  peak flow i n  this study. T h e  measured  drainaqe 

density for the watersheds is h i q h e s t  for 10th & A l b e r t a  415.73 

kn/sq.km) followed by 12th & -8acKenzi.e (12 .4  krn/sq. knt) , Robson 

C r e e k  (8 .6  km/sq. km) arid Hyland Creek ( 5 . 1  km/sq/  kn) (Table 

2 . 5 ) .  w i t h  r e f e r e n c e  to Piq. 4\ 2,/ it a p p e a r s  that a h i q d  
v @ 

drainaqe d e n s i t y  is n o t  s t r o n q l p  a s s o c i a t e d  with the peak 

flows. T h i s  is so for the case of 10th & Alberta. It appears 

therefore,. other geomorphohgical characteristics may be . 

c o n t r o l l i n q  t h e  peak f lous ,  a'nd t h i s  outcome will be d i s c u s s e d  

t in t h e  f o l l o v i n g '  sub- t ion .  

5 . 3 , 3  W a t e r s h e d s h a p e  
, x 

Other t h i n g s  beinq e q u a l ,  the rate a t  which  water is  conveyed 



to t h e  main channel and o u t  of the watershed is  p a r t l y  qooerned 

by the shape -tor. This a s s e r t i o n  can be modelled by t h e  i 

; 

h y p o t h e t i c a l  bp&s shown i n  Piga'5,4. B a s i n  A is an e l o n q a t e d  

watersbeti cotlpared to basin B and C which a r e  a b o u t  .rectanqular 

and fan-shaped r e s p e c t i v e l y .  The effects of such shapes on peak 
.', 

flows, a s s u m i n g  r a i n f a l l  and o t h e r  controls to b e  t h e  same 

throuqhout  are s u q q e s t e d  by the schematic hyd rographs, 
, 

T h e o r e t i c a l l y ,  the hydroqraph of a watershed is s i g n i f i c a n t l y  

correlated with the shape of t h e  watershed (Seyhan 19761 . The 

s h a p e  of a watershed i n f l u e n c e s  t h e  t i a i n q  of t h e  a r r i va l  of 

storm h i o f f  to the mouth of t h e  b a s i n .  

Q u a n t i t a t i v e  descriptions o r  expressions of b a s i n  shapes h a v e  
? 

\ 

been  formulated b$ v k i o u s  i n v e s t i q a t o r s  and have been used 

w i t h  varyinq s u c c e s s ,  Examples  are B a r t o n ' s  f orrn factor (Rf) , 

H i l l e r a s  circulatory ratio ,  (Rc) , and Schumn's e l o n q a t i o n  
- 

ratio,  ( R e )  (Tab le  5-11  . D e t e r r i n a t i o n  of basin shapes were 

done u s i n q  a l l  three methods b u t  the Rc index was found to be 

the better basin shape measurement (Table 5 . 2 ) .  The Bf and R e  

indices r e q u i r e  the l e n g t h  of t h e  aain c h a n n e l ,  Lb,  i n  the 
\ 

computa t ion ,  The  criticism of these measures  here  li s w i t h  P 
t h e  f a c t  that t h e  l e n g t h  of t h e  main channel i s  eitkir man-made 

as in the Vanconrer w a t e r s h e d  or p a r t l y  a l iqned a s  for t h e  c a s e  
\ 

of Surrey watersheds .  The p o i n t  is t h a t  the storm 

c o n v e n i e n t l y  installed a l o n q s i d e  the road?, c o n s e q u e n t 1  y ,  t h e  



Fig. 5 . 4  Hypothetical urban  watersheds of different shape 

with schematic hydrographs . 



Sharpe 
?bammlmt Eqwtian Definition 

Rf = fom factor 

Lb = length of wrin c!lkmwl 

2 )  Miller's R = A  
C - R = cimulatory rartio 

(1953) C 

eimuhtay a c A = area of ~ezshed 
ratio A = ama of a &he 

having the sartle 
perinreter as the 
w a t e m h d  

3) schsmn's R = D  R = elongation rytio 
0959)  
ebi&tion I ,  2 &ureter of a circle 
mi0 having the n;nrar? area 

as the watershed 

Table 5.1 Definition of ahape masummnts by: 

Hartan (Rf); Hiller (Rc) and; 

Schuaa, (Re) 



- 
Table 5.2 Watershed shape measurenent using Rf, Rc and Re 



b t o t a l  aain c h a n n e l  length i s  artif i c i a l l p  increased so  that it , 

i s  longer  than what o n e  would e x p e c t  f r o m  a n a t u r a l  b a s i n ,  

T h i s  possibly e x p l a i n s  the irregular results for f o r m u l a s ,  R f  

and Be. Secondly, R c  is c a l c u l a t e d  b y  u s i n g  t d e  watershed a r e a  
I 

'and area o f  a circle h a v i n q  t h e  same p e r i m e t e r  a s  the 

w a t e r s h e d s ,  v h i c h ,  -t6 a v e r y  l a r g e  e x t e n t ,  p o r t r a y s  a better 

q u a n t i t a t i v e  s h a p e  e x p r e s s i o n - t h a n  R f  a n d  B e .  Lonq and  n a r r o w  

w a t e r s h e d s  uill h a r e  low ratios v e r s a .  A qnpral  
- 

s t a t e m e n t  can be  made here.  Because u an  w a t e r s h e d s  h a v e  been lib 
c h a n q e d  s o  much i n  terms af t h e  o r i g i n a l  p h y s i o q r a p h y ,  caution 

should b e  e x e r c i s e d  when u s i n g  q u a n t i t a t i v e  m e a s u r e m e n t s  once 

d e s i q n e d  for n a t u r a l  watersheds, . 

The d i s t r i b u t i o n  of surface runoe f f  t e m p o r a l  c h a r a c t e r i s t i c  i s  

shown q u i t e  clearly by the d i s t r i b u t i o n  g r a p h s  (Fiq. 4 . 4 ) .  
I 

Despite h a v i n q  a 50.5% i m p e r v i o u s  c o v e r  a n d  a n  efficient 

d r a i n a g e  system, t h e  peak volume f o r  10th &, Alberta c o n s t i t u t e s  

o n l y -  26.4%. -Houewer,  t h i s  value i s  , s l i g h t l y  lover due  to' the 

t i n e  i n t e r v a l  chosen :  peak d i s c h a t q e  occurs a t  the 53rd m i n u t e  

w h i l e  t h e  peak a t  t h e  distribution q r a p h  i s  at t h e  6 0 t h  minute) 

of the t o t a l  surface runoff. T h i s ' i s  a t t r i b u t a b l e  m a i n l y  t o  

Q i t s  l onq  and n a r r o w  d r a i n a g e  area (Rc - 0.34)  with the l o n g e s t  

sewer measured a t  2.38 kn (see Table 2 . 6 ) .  Siace stem r u i o f f  

will t a k e  a l o n g e r  time t o  t r a v e l  t o  t h e  o u t l e t ,  t h e ' p e a k  i s  

s i g & i c a n t l g  r e d u c e d  as most of the stormflow i n  t h e  lower 



B 

parts would have a l r e a d y  been .drained before the arr iva l  of 
b 

t h o &  froa t b e  npper s e c t i o n s ;  Robson C r e e k  has  a n  a c c o u n t e d  
4 

peak flow of 24.8% v h i c b  i s  qoite d & s e  to 10th E A l b e r t a  's i n  

s p i t e  of its u r b a n i z a t i o n  l e v e l  and t y p e  of d r a i n a q e  sy'stem. It 

i s  r e a s o n e d  t h a t  b e c a d s e  of its somewhat e l o n g a t e d  f a n - s h a p e ,  
a ' 

water i s  s u p p l i e d  f r o a  a d j a c e n t  s i d e s ,  i .e .  n o r t h e r l ' y  a n d  

s o u t h e r l y  d i r e c t i o n s  a t  approximately t h e  same time p e r i o d ,  As 

a r e s u l t ,  the peak  volume is  very much i n c r e a s e d  even though 

t h e  t i n e  of rise is slower dnr inq  t h e  v e r y  e a r l y  stages of a 

storm, 

The  o t h e r  two watersheds, i .e .  1 2 t h  E 3 a c K e n z i e L a n d  Ayland  

Creek are approximately r e c t a n q u l a r  i n  s h a p e .  With  t h e  

installation of a n  efficient, hiqh d e n s i t y  serer system, t h e  
I I 

time of rise is =educed  which p a r t l y  e r p l a i n i , t h e  h i q h e r  unit 

peak d i s c h a r q e  for 1 2 t h  G HacKenzie. C o n v e r s e l y ,  Hyland Creek's 

lower d r a i n a g e  e f f i c i e n c ~  a n d  n a t u r e  of l a n d  u s e  explains t h e  

r e c o r d e d  lover peak d i s c h a r q e .  Therefdre, i f  i s  i a p ~ ~ r t a n t  to 

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

study because of its effect on t h e  time d i s t r i b u t i o n  of runoff. 

This i n f l u e n c e s  t h e  r a t e  of flow, affects t+ time o f  rise and 
> 

determhes the shape of t h e  u n i t  hydrograph.  

In an a t t e m p t  t o  explain the s i q n i - f i c a n t  relationship b e t u e e n  

w a t e r s h e d  c h a r a c t e r i s t i c s  (apart from in pervious c o v e r )  and 



h y d r o g r a p h s ,  a  comparison is made w i t h  a s t u d y  i n  L - o u i s v i l l e  

District, Kentucky ,  by ~ a q l e s o n  (1962)  (Fiq, 5,5). Ten m i n u t e  

unit hydrographs were derived i n  h i s  s t u d y .  

Though t h e  soil c o n d i t i o n s  may be a s sumed  t o  be d i s s i m i l a r ,  the 

differences i n  t h e  r e s u l t s  due t o  t h i s  circlimstance say be kept  

m i n i m a l  s i n c e  the same q e n e r a l  principles of t h e  u n i t  

hydroqraph were a p p l i e d .  Prom fiq. 5.5, it  i s  a p p a r e n t  t h a t  

u l r i t  p eak  flows h a v e  a direct r e l a t i o n s h i p  w i t h  the d e q r e e  of 

i m p e r v i o u s  c o v e r  { t h e  best fit l i n e  for t h e  peak discarqes i n  

E a q l e s o a ' s  s t u d y  appears very much h i q h e r  i n  comparison t o  " 

v a t e r s h e d s  i n  t h i s  s t u d y  because of s h o r t e r  unit d u r a t i o n s  

u s e d ) .  However, even thouqh w a t e r s h e d  No. 4 h a s  an  i m p e r v i o u s  

cover o f ,  7 0 % ,  which is t h e  s e c o n d  hiqhest, appears well below 

t h e  * a v e r a g e @ .  It was e x p l a i n e d  t h a t  the t h e  main cause lies 

w i t h  t h e  mean b a s i n  s l o p e .  I t  h a s  t h e  lowest s l o p e  value of 

0.0012 anonq o t h e r  w a t e r s h e d s  i n  t h e  study area. C o n v e r s e l y ,  

even t h o u q h  10th & Alberta h a s  the h i q h e s t  mean basin s lope  o f  

0.03 a m n q  the w a t e r s h e d s  i n  t h i s  stud,y (see T a b l e  2.5) , t b e  

main c a u s e  for  the lower u n i t  peak  f l o w  s u q q e s t e d  i s  the b a s i n  

s h a p e .  T h e  c o n s t r a i n t s  imposed by t h e  i n t e r r e l a t i o n s h i p  between 

basin parameters on t h e  h y d r o l o q y  are  basically b e c a u s e  t h e y  

are c l o s e l y  k n i t t e d  and complex ,  
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5 . 4  Summary 

This chapter h a s  p r e s e n t e d  t h e  & i s c u s s i o n  and t h e  complex  

i n t e r r e l a t i o n s h i p s  between t h e  e l e m e n t s  of t h e  h y d r o l o q i c a l  
1 

reqiae. W h i l e  i t  is n o t  p o s s i b l e  v i t h i n  t h e  scope of t h i s  s t u d y  

t o  account  f o r  every basin p a r a m e t e r ,  o n l y  t h e  ones w h i c h  are 

b e l i e ~ e d  t o  b e  the major i n f l u e n c e  were dealt v i t h .  A l t h o u g h  

c o m p a r i s o n s  w i t h  E a q l e s o n * ~  (1 362) and,  Beard and Chanq ' s  C (1979)  studies i n  t h e  U n i t  d  S t a t e s  show relative c o n s i s t e n c y  

i n  terms of t h e  results ob d i n  t h i s  s t u d y ,  there are 

v a r i a t i o n s .  A d d i t i o n a l l y ,  even thouqh  It i s  a p p a r e n t  t h a t  

u r b a n i z a t i o n  does h a v e  a s i g n i f i c a n t  effect i n  determining the 

u n i t  peak f l o w s ,  one must  ?x c a r e f u l  n o t  t o  t o t a l l y  d i s r e q a r d  

the i n t i m a t e  re laCcionships  between t h e  s u r f a c e  p r o p e r t i e s ,  

w a t e r s h e d  qeometry a n d  storm c h a r a c t e r i s t i c s .  



CHAPTER SIX " 
COHCLUS I O B  

9 

6 . 1  I n t r o d u c t i o n  

The impact  of urbanization o n  peak f l o w s  h a s  been examined i n  

four watersheds i n  the Lower H a i n l a n d  of B r i t i s h  Columbia .  The 

f i n d i n g s  a r e  i n  r e a s o n a b l y  qood aqreement w i t h  p u b l i s h e d  

r e s u l t s  of similar s t u d i e s  by E a g l e s o n  ( 1962) , and Beard and 

Chang ( 1 9 7 9 ) .  I t  s h o u l d  b e  n o t e d ,  h o w e v e r , t h a t  t h e s e  f i n d i n q s  

are subject to  several i m p o r t a n t  l i m i t a t i o n s :  if the seal1 

sample  size of w a t e r s h e d s ;  i i l  t h e  s ize  variation of  w a t e r s h e d s  

and; iii) t h e  uniqueness of w a t e r s h e d s  in terms of t h e i r  

g e o n o r p h o l o q i c  an3 aorpho l o g i c  c h a r a c t e r i s t i c s ,  Clearly, care 

must b e  e x e r c i s e d  when s a k i n g  g e n e r a l i z a t i o n s  f ros these 

r e s u l t s ,  The major f i n d i n q s  are s a a m a r i z e d  below, 

0 

6.2 F i n d i n g s  

The p r i n c i p a l  g e n e r a l  c o n c l u s i o n  i s  t h a t ,  other t h i n q s  

constant, urbanization d o e s  h a v e  a c o n s i d e r a b l e  i m p a c t  on  peak 

flows i n  t h e  study area. 

I n  order t o  d e m o n s t r a t e  the urban h y d r o l o g i c a l  c h a r a c t e r i s t i c s ,  

however, it is necessary t o  c o n t r o l  f o r  b a s i n  a r e a .  I t  has  b e e n  



shown that peak  flow is d i r e c t l y  related t o  basin size, The 

f i n d i a q s  r e l a t e d  t o  u r b a n i z a t i o n  are t h e r e f o r e  based on u n i t  

yields. The major f i n d i n q s  a r e  a s  f o l l o w s :  

6 
\ 1. P a t t e r n  of u r b a n i z a t i o n  - development w i t h i n  t h e  w a t e r s h e d  

8 

i s  a p a r t i a l  d e t e r m i n a n t  on the shape of the h y d r o q r a p h .    his 

i s  manifested bp t h e  p a t t e r n  of d e v e l o p m e n t  i n  Ryland Creek. 

Development * t i o m s t r e a m  and p a r t s  of m i d s t r e a m  ha 9 r e s u l t e d  i n  a 

r e l a t i v e l y  e a r l y  peak and a q r a d u a l  and u n i f o r m  r e c e s s i o n a l  

l imb.  

2. I n p e r v i o n s n e s s  - i n  t h e  p r e s e n t  set of d a t a ,  t h e s e  

rela tion s h i p s  a r e  c o m p l i c a t e d  by g e o m o r p h o l o q i c  and m o r p h o l o g i c  

v a r i a t i o n s  be tween  t h e  u a t e r s h e d s ,  As such ,  s e v e r a l  analyses, 

thonqh d e s c r i p t i v e ,  were u n d e r t a k e n  t~ e x p l a i n  t h e  

relationships. T h e  f i n d i n q s  are: 

a )  i n d i v i d u a l  w a t e r s h e d  c h a r a c t e r i s t i c s  are i m p o r t a n t  i n  

c h a r a c  t e r i s i n g  the shape of the u n i t  h ydrographs ;  hence t b e  

r e s u l t i n s  peak flows. In t h i s  s t u d y ,  for example ,  the bas in  

shape o f  10th E A l b e r t a  h a s ,  t o  a very  large extent, r e d u c e d  
t 

the magnitude  of peak f l o w  a n d  c o n v e r s e l y ,  the b a s i n  shape h a s  

caused a r e l a t i v e l y  more c o n c e n t r a t e d  peak f o r  Robson Creek. 



+ 118' 
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b) A n t e c e d e n t  c o n d i t i o n s ,  s u r f a c e  and d e p r e s s i o n  s t o r a q e s  

affect t h e  r a i n f a l l  excess for  a q i v e n  s t o r m .  A l t h o n q h  t h e r e  

i s  a q e n e r a l  p a t t e r n  whereby r a i n f a l l  loss c o r r e l a t e s  

p o s i t i v e l y  with t h e  extent o f  i n p e r v i o u s  c o v e r ,  the i n p o r t a n t  

factar lies w i t h  t h e  e f f e c t i v e n e s s  of impervious area i n  

i a f l r l e n c i n q  s t o r *  r u n o f f .  

3. D r a i n a q e  c h a r a c t e r i s t i c s  - fro.  f i e l d  e x a m i n a t i o n s  a n d  

s t u d i e s  on the anit h y d r o q r a p h s ,  i t  appears t h a t  o p e n  d i t c h e s  

map b e  q u i t e  e f f e c t i v e  i n  reducinq peak f l o u s ,  F i r s t l y ,  p o n d i n q  

r e s u l t s  i n  depressions within the ditches, a n d  s e c o n d l y ,  the 

r e q e t a t i o n  h a s  a retardant effect  o n  flows. On the o t h e r  band, 

s t o r r  s e v e r s  p a r t i a l l y  a c c o u n t  for h i q b e r  n a q n i t u d e s  of peak 

flows because of t h e i r  rapid d e l i v e r y  of water, 

4. Storm r u n o f f  - i t  vas found that g r e a t e r  volumes of s t o r m  

runoff do no t  n e c e s s a r i l y  a e a n  t h a t  a higher peak f l o v  w i l l  

r e s u l t .  D t b e r  c o n d i t i o n s  reaain d q the same, peak f l o w s  w i l l  

d e p e n d  o n  stars c b a r a c t e r i s t i c s  s u c h  a s  storr intensity a n d  

d u r a  t i o n .  

6.3 S n q g e s t i o n s  for farther r e s e a r c h  

Phis study is lirited by a small d a t a  set. A d d i t i o n a l l y ,  t h e  

cross c o m p a r i s o n  a n d e r t  aken s n f  fers f r o n  dissimilarities in 

t e r n s  of watershed c?taracteristics. 



Herertheless, t h i s  s tudy  has p r o v i d e d  s o n e  i n s i g h t s  into t h e  

c o m p l e x i t i e s 1 - i n r o l v e d  especially when t h e  qeonorpholoqic and 

It is recomaended t h a t  more data  be collected as they may 

improve the reliability of c o m p a r i s o n s .  Another topic given 

little at tent is^ in t h i s  s t n i l ?  is t h e  c o s p ~ i s o n  of season& 

var ia t ions  o n  the hydroqraphs  w i t h i n  and between uatersheds. 
J 

It is felt t h a t  t h i s  c o m p a r i s o n  R a p  improve t h e  nnders tandinq  

of t h e  effectiveness of urbanization o n  stor. runoff 

character i  st ics . 
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Appendix  A 

Imperv ious  cover data  



M a t e a d :  12th 6 !kcl&r&e 
&p No. 2 9 
Scale: 1" to 200' 
Year :- 1976 
s#,xrce: City Flarrning k p t . ,  V-, B.C. 



,' 
Watershed: 10th G Alberta ./ 
Hap. No. : 32 
Soale : lH to 200' 
Year 1976 
Soulce: City Planning Dept . ,  Vano~uvler, B.C. 



Iriatersfied: Rh3alcreek 
Scale : 1" to 400' 
Year: 1977 
Source: hgbering Rivis 

No. of m s  



watershsd: Hylatd Qwek 
1" to COO' 
1977 

Souroe: Rivisi.cn, S m y  Hmicipal Hall, B.C. 

No* of .mts 
Total k a  a1 l k p w d c w 2 6  Area 

J !!z..k+ l3Uildhp;s Pavesten* + back4 

50 1605 23 50 



Appendix  B 

Stage- di scharge  c u r v e s  



I(PF€NDIX 0.1 

STAGE -DISCHARGE CURVE 

ROBSON CREEK 
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U n i t  

Appendix C 

hydroqraph data 



bte  : 16th F-, 1977 
bit rbmtion: 15 minutes 



e 

k t e  : 17th Marrh, 1976 
lhit mmtim: 30 minutes 



&ate: 7th -r, 1976 
bit kmtioni 30 minutes 



- 

hte: 18th Hmeder, 1936 
Unit &ration: 15 minutes 

Tire m e  ksefh &&iced unit hydmgz'aph 
(&is. Crdinate Ontirate Ordinate (1 ua of rain- 

(cwXs.1 (--Cs.1 (Um2cs.) fall exoess) 

Oate: 20th Decxxbe~,  1977 
Unit drraticn: 30 minutes 







Kbte : 25th October, 1977' 
wt h v r t i a r :  45 rrrinutes 
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Ihtc: Uth F-, 1977 
thit Rm•÷ticn: 150 lgkure8 



Tisre Baseflow &&ce Unit Hydqpqh 
(I.i-na.1 w e  Ordinate Ordinate (1apofrrPin- 

(FI~u~.) ~ ~ . )  ~ ~ . )  fall eraoess) 







Dare : 20th October, 1978 
hit Duration: 75 suinutes 



Appendix- D 

30-minute u n i t  hydrograph data 

by sumration'method 



1 
i 

Unit hydrographs  for the watersheds were derived from the 

procedures o u t l i n e d  i n  Chapter t h r e e .  A s  c a u t i o n  was t a k e n  i n  

choos ing  t h e  a p p r o p r i a t e  v e n t s  (see S e c t i o n  3 . 4 )  on1 y a small P 
nunber of e v e n t s  were se ected (Table 4.  1 ) .  U n i t  h y d r o g r a p h s  9 

\ 
were later d e r i v e d  from t h e s e  storm e v e n t s  [Table 4 .2 ) .  

- - 

However, w h i l e  proceedinq i n t o  t h e  a v e r a q i n g  procednre of t h e  

30-minute u n i t  hydrograph by t h e  summation method, Further 

c o n s i d e r a t i o n  u a s  undertaken t o  e x a n h e  t h e  nnit hydroqraph 

hef ore ,  doing so. Elimination of e v e n t s  c o n s i d e r e d  not  

a p p r o p r i a t e  was theref ore done, T h e  e l i a i n a t e d  e v e n t s  are t h o s e  

which are c a u s e d  by uneven r a i n f a l l  intensities. I t  is * d e t e c t e d  
4 

by the l i m b s .  E i t h e r  the i h q t i a l  
-8 \- 

stages of t h e  rising l i d %  i n c l i n e s  steeply and t a p e r s  g r a d & l l p  

t peaks or a very s l o v l y  r i s i n q  limb a t  the i n i t i a l  staqes 

and a s t e e p  inclination a s  i t  peaks  are tuo f orrs recognised,  

T h e  first case i m p l i e s  a h i g h  i n t e n s i t y  storm a t  the e a r l y  

s t a q e s  w h i l e  t h e  s e c o n d  case implies one which has a late high 

i n t e n s i t y .  Consequently, t h e  events which are elieved to be 9 
the r e s u l t  of onifor. i n t e n s i t i e s  are c h o s e n  f o e h ~ g  t h e  

30-minute nnit h y d r o q f a p h s  for the r e s p e c t i v e  watersheds .  

b l t h o a q h  t h e  number of c a s e s  are l i m i t e d ,  t h e  data are 

considered t o  be  o f  good q u a l i t y  b e c a u s e  they are w e l l - d e f i n e d  

and c o n s i s t e n t .  -L 





m e :  Tim2 Ordinates of 1bei.n. L R  
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