
2 . 1  Geology 

2 .1 .1  Bedrock Geology 

The upper r e a c h e s  o f  Coldwater River  and t h e  major w e s t  

bank t r i b u t a r i e s ,  such a s  J u l i e t  Creek, d r a i n  t h e  e a s t e r n  

s l o p e s  o f  t h e  Cascade Mountains. T h i s  is  a  r e g i o n  o f  h igh  

r e l i e f  w i t h  summit e l e v a t i o n s  r each ing  7,000 f e e t .  A s  i n d i c a t e d  

on t h e  bedrock geology map, shown i n  F i g u r e  2.1.1,  t h e  Cascades 

are formed p r i m a r i l y  of igneous  rocks  ( g r a n o d i o r i t e ,  q u a r t z  

d i o r i t e ,  and g r a n i t e )  w i t h  v o l c a n i c  i n t r u s i o n s  (gabbro', t u f f ,  

and b r e c c i a ) .  Sedimentary rocks  (conglomerates ,  s ands tones  

and s h a l e s )  occu r  l o c a l l y .  

The main s t e m  o f  Coldwater River i s  s i t u a t e d  w i t h i n  t h e  

Thompson P l a t e a u  ( a s  d e f i n e d  by Hol land,  1976) .  Th i s  i s  a 

r e g i o n  o f  g e n t l y  r o l l i n g  upland s e p a r a t e d  by s t e e p  wa l l ed ,  

f l a t  f l o o r e d  v a l l e y s .  Upland e l e v a t i o n s  g e n e r a l l y  range  from 
See+ 

4,000 t o  5,500 h!, w i t h  v a l l e y  f l o o r  e l e v a t i o n s  b e i n g  approx imate ly  

1,000 t o  1,500 f e e t  below t h e  l e v e l  o f  t h e  a d j a c e n t  upland.  

Bedrock geology c o n s i s t s  p r i n c i p a l l y  o f  sedimentary  rocks  

(ays i l l i t e  , s la te ,  q u a r t z i t e ,  l imes tone ,  greywacke, c h l o r i t e  

s c h i s t ,  g r eens tone ,  conglomerate ,  sands tone ,  and s h a l e )  w i t h  

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

Small ou t c rops  o f  t h e  under ly ing  igneous  b a t h o l i t h  occu r  

l o c a l l y .  



A more deta i led d e s c r i p t i o n  o f  t h e  bedrock geology,  

i n c l u d i n g  mapping a t  a scale o f  1:250,000, c a n  be  found i n  Rice  

( 1 9 4 7 ) ,  Monger (1947) ,  C o c k f i e l d  (1948) , and D u f f e l  and 

McTaggart (1952) . RoAA ,&\c , CI~: ,,\\e< hn k O~Y\ . \ :L~ ,  ~\4< 9 ~ ~ - - ' \  
! 1 , .  , ' i  . '+ toc.., 2. : o.,? .ec, ,-- ij a. - ica ' i  rQ \I, \\,la 2 \:a0 . 

2.1 .2 S u r f i c i a l  Geology 

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

r e f l e c t s  t h e  e f f e c t s  o f  t h e  most  r e c e n t  o r  F r a s e r  G l a c i a t i o n .  

A t  t h e  g l a c i a l  maximum, c o r d i l l e r a n  i c e  ex tended  th roughou t  

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

6,000 t o  7,000 f e e t  ( P r e s t ,  1968; F u l t o n ,  1975; and Hol land ,  

1 9 7 6 ) -  A s  a consequence,  g l a c i a l l y  rounded topography and 

d e p o s i t s  o f  till are found t h r o u g h o u t  t h e  s t u d y  a r e a .  

Dur ing t h e  p e r i o d  of  g l a c i a l  r e c e s s i o n ,  a  series o f  

g l a c i a l l y  dammed l a k e s  o c c u r r e d  i n  t h e  v i c i n i t y  o f  Merritt 

and t h e  s u r r o u n d i n g  r e g i o n ,  as i l l u s t r a t e d  on F i g u r e  2.2.2. 

Of p a r t i c u l a r  impor tance  are Glacial Lakes Hamil ton and 

Merritt which formed as a r e s u l t  o f  ice dams l o c a t e d  i n  t h e  

lower Nico la  Va l l ey .  Maximum e l e v a t i o n s  o f  l a c u s t r i n e  d e p o s i t s  

a s s o c i a t e d  w i t h  t h e s e  l a k e s  are 3,050 f e e t  and 2,550 f e e t ,  

r e s p e c t i v e l y  (Mathews, 1944 and F u l t o n ,  1969j 1 9 7 5 ) .  

The southward e x t e n t  o f  t h e  sed iments  w i t h i n  t h e  Coldwater  

d r a i n a g e  h a s  n o t  y e t  been p r e c i s e l y  mapped and e x t r a p o l a t i o n s  

based  on e l e v a t i o n s  are u n r e l i a b l e  due  t o  i s o s t a t i c  t i l t i n g .  

Measurements t a k e n  d u r i n g  t h e  f i e l d  s t u d i e s  i n d i c a t e  l a c u s t r i n e  

sed iments  o c c u r  a t  e l e v a t i o n s  of  a t  l eas t  2,700 f e e t  i n  t h e  



area between t h e  Brodie  Divers ion  and t h e  Br idge Cros s ing  on 

t h e  Coldwater  River  s o u t h  o f  Kingsvale  ( s t a t i o n  802-878 m 

or  2,630-2,880 f e e t ) .  L a c u s t r i n e  sediments  were a l s o  observed 

benea th  f l u v i a l  m a t e r i a l s  i n  t h e  v i c i n i t y  o f  J u l i e t  Creek 

( e l e v a t i o n  3,300 f e e t )  and immediately downstream o f  t h e  upper  

b r i d g e  c r o s s i n g  o f  Coldwater River  ( s t a t i o n  618 m o r  2,028 

f e e t ;  e l e v a t i o n  3,600 f e e t )  . Thus l a c u s t r i n e  sediments  occur  

throughout  t h e  i d  immediate s t u d y  a r e a .  w b r ,  W t  

m e - d e t a - d - i n v e s t i g s t ~ ~ t i n o Y 3 m ~ e t h e r - t h e s e  T h e  -y. 

< ,k-e\q 
d e p ~ s i t s ~ r e s u l t e d  from sed imen ta t i on  w i t h i n  l o c a l  g l a c i a l  

l a k e s  bo rde r ing  an i c e  mass s i t u a t e d  w i t h i n  t h e  v a l l e y  bottom, 
bu4 
e->if t h e y h r e p r e s e n t  t h e  southward e x t e n s i o n  o f  major g l a c i a l  

l a k e s .  T h i s  i n t e r p r e t a t i o n  i s  o f  some importance  t o  t h e  p r e s e n t  

s t udy  a s  remnants o f  l a c u s t r i n e  sediments  d e p o s i t e d  w i t h i n  a 

major l a k e  would be expected t o  have a g r e a t e r  l i k e l i h o o d  o f  

be ing  p r e s e n t  benea th  t h e  f l u v i a l  m a t e r i a l s  which now c o v e r  

t h e  v a l l e y  bottom. 

Fol lowing t h e  p e r i o d  o f  l a c u s t r i n e  o r  p r o g l a c i a l  s ed imen ta t i on ,  

e x t e n s i v e  d e p o s i t s  o f  g l a c i a l  outwash were l a i d  down w i t h i n  

t h e  Coldwater Va l l ey  and l a t e r  s u b s t a n t i a l l y  eroded by f l u v i a l  

reworking and downcutt ing.  Remnants o f  t h e s e  f l u v i a l  m a t e r i a l s  

now form t e r r a c e s  (o f  e i t h e r  Kame o r  v a l l e y  t r a i n  o r i g i n )  which 

occu r  i n t e r m i t t e n t l y  a l o n g  t h e  v a l l e y  w a l l s .  F l u v i a l  f a n s  

occu r  a t  t h e  base  o f  t h e  major ' t r i b u t a r i e s  t o  Coldwater River .  
the \-'\ h L j  

I n .  many c a s e s  , a c t i v e  p o r t i o n s  o f  t h e s e  f e a t u r e s  a r e h l i m i t e d  t o  

a sma l l  s e c t i o n  which i s  p a r t i a l l y  i n c i s e d  w i t h i n  a much l a r g e r  

rel ic s u r f a c e .  



Additional information on the Quaternary history of the 

general study region can be found in Fulton (1965; 1967; 

1969; 1975), Mathews (1944), Ostrem (1966) and Ryzer (1971a; 

1971b). The Geotechi-ical and Materials Branch of the Ministry 

of Transportation and Highways (Field, Egan, Hallam,and Woodburn, 

1978) has prepared a reconnaissance level map of the surficial 

materials within the Highway Corridor. The Terrestrial Studies 

Branch of the Ministry of the Environment is currently 
\cbL,-,kLJ'., .?. ;5L 

preparing a series of folio maps for the,Coldwater drainage 

and when available, this study will provide additional data on 
8-. 

surficial materials (contact RonKawal, ~elowna) . -.a:?\\ -',-'c 
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Bas ic  & u l t r a - b a s i c  
rock 

Figure 2 . 1 . 1 :  Generalized bedrock geology, Hope t o  Kingsvale 
(from GSC Map 1 0 6 9 A ) .  



Nolze: The var ious  bas ins  were n o t  
n e c e s s a r i l y  f i l l e d  
contemporaneously. 

Figure 2 . 1 . 2 :  D i s t r i b u t i o n  of g l a c i a l  lakes  i n  
southwestern B r i t i s h  Columbia 
(from B i r d ,  1980) .  



2.2 P r e c i p i t a t i o n  Regime 

2.2.1 Regional Var i a t ion  

The d i s t r i b u t i o n  of p - e c i p i t a t i o n  can be expected t o  vary 

s u b s t a n t i a l l y  a long t h e  Hope t o  Merritt highway c o r r i d o r .  

F igure  2.2.1 shows t h e  seasona l  composition o f  p r e c i p i t a t i o n  

recorded a t  s t a t i o n s  r e p r e s e n t a t i v e  of t h e  c o n d i t i o n s  occu r r ing  

wi th in  d i f f e r e n t  segments of t h i s  rou te .  S t a t i o n  l o c a t i o n s  

are shown on Figure  2.2.2. 

Approximately 61 inches  of p r e c i p i t a t i o n  occurs  annual ly  

i n  t h e  v i c i n i t y  of Kawkawa Lake near  Hope, wi th  12% of  t h i s  

t o t a l  occu r r ing  as snow. The s t a t i o n  a t  A l l i son  Pass  i s  

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

amount of  p r e c i p i t a t i o n  b u t  wi th  a  h ighe r  percentage of  t h e  

t o t a l  va lue  ( 5 7 % )  being i n  t h e  form o f  snow. The two Minis t ry  

o f  T ranspor t a t ion  and Highways meteorology s t a t i o n s  l o c a t e d  

w i t h i n  Boston Bar Creek cn ly  record  t o t a l  p r e c i p i t a t i o n  and 

thus  do n o t  d i sc r imina te  between r a i n  and snow. The s t a t i o n  

Boston Bar Creek Upper ( o r  Box Canyon) i s  loca t ed  i n  a  

t r i b u t a r y  bas in  on t h e  nor thwestern s i d e  o f  t h e  c e n t r a l  p o r t i o n  

o f  t h e  pas s .  T o t a l  average annual  p r e c i p i t a t i o n  i s  8 1  inches ,  

which i s  s i g n i f i c a n t l y  h igher  t han  near  Hope and l i k e l y  

r e f l e c t s  o rographic  e f f e c t s  a s s o c i a t e d  w i t h  i t s  h igher  e l e v a t i o n .  

The s t a t i o n  Boston Bar Creek Lower ( o r  Summit ) is loca t ed  i n  

t h e  v a l l e y  bottom near  t h e  e a s t e r n  end of t h e  pass  and has  a  

smal le r  annual  p r e c i p i t a t i o n  of 6 2  i nches ,  l i k e l y  i n d i c a t i n g  

t h e  s t a r t  of  t h e  r a i n  shadow e f f e c t s  which would be expected 

to occur  on t h e  e a s t e r n  s i d e  of t h e  Cascades. 



Long t e r m  snowfal l  r eco rds  (1915-1959) c o l l e c t e d  by t h e  

CPR a t  Coquihal la  Lakes have been conver ted i n t o  e s t i m a t e s  o f  

snow water  e q u i v a l e n t  by usin&hgtandard convers ion f a c t o r  o f  I 
10 inches  of  snow t o  one inch  of water.  These f i g u r e s  a r e  

open t o  some degree of u n c e r t a i n t y  b u t  i n d i c a t e  t h a t  t o t a l  

annual  p r e c i p i t a t i o n  va lues  i n  t h e  v i c i n i t y  of Coquihal la  

Lakes exceed 43 inches .  From t h i s  p o i n t  east ,  r a i  shadow 1 
e f f e c t s  become i n c r e a s i n g l y  e v i d e n t  and r e s u l t  i n  s u b s t a n t i a l l y  

reduced p r e c i p i t a t i o n  t o t a l s .  Thus i n  Merritt t h e  t o t a l  

annual p r e c i p i t a t i o n  i s  on ly  10 inches ,  wi th  34% be ing  i n  t h e  

form of  snow. 

Th i s  r e g i o n a l  p a t t e r n  of p r e c i p i t a t i o n  i s  r e f l e c t e d  i n  

t h e  t o t a l  snow accumulations recorded a t  t h e  Minis t ry  of 

Environment's snow cour se  s t a t i o n s ,  a s  shown on Figure  2.2.3. 

The average maximum snow accumulation can  be seen  t o  decrease  

from a  water  e q u i v a l e n t  of 5 1  inches  a t  Boston Bar Creek Upper 

( o r  Box Canyon) t o  31.5 inches  a t  Boston Bar Lower ( o r  Sumrnitt) 

t o  9.5 inches  i n  t h e  v i c i n i t y  of Brookmere. 

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

s p o t  measurements i s  d i f f i c u l t  due t o  t h e  smal l  number o f  

record ing  s t a t i o n s  and complex t e r r a i n .  However a  f i r s t  

approximation of t h e  s p a t i a l  v a r i a t i o n  i n  p r e c i p i t a t i o n  can be 

made on t h e  b a s i s  o f  r e l a t i o n s h i p s  which have been e s t a b l i s h e d  

between b iogeoc l imat ic  c h a r a c t e r i s t i c s  and ,annua l  p r e c i p i t a t i o n .  

Figure  2.2.4 shows t h e  d i s t r i b u t i o n  of  b iogeoc l imat ic  zones 

de f ined  , f o r  southwestern B r i t i s h  Columbia by Kra j ina  (1973) 



a l o n g  w i t h  t h e  a s s o c i a t e d  p r e c i p i t a t i o n  v a l u e s  g iven  by B e i l ,  

Tay lor  and Guppy (1976) .  The p r e c i p i t a t i o n  r anges  g iven  by 

B i e l  e t  a l .  cor respond  reasonab ly  w e l l  t o  t h e  a v a i l a b l e  s p o t  

measurements and t h u s  t h e  v a l u e s  p r e d i c t e d  f o r  ungauged s i tes  

do n o t  appear  t o  be unreasonable .  

2.2.2 Seasonal  D i s t r i b u t i o n  and Frequency 

The p r e c i p i t a t i o n  d a t a  from Boston Bar Creek and Coquiha l la  
L 
Lake , shown i n  F igu re  2.2.1, i n d i c a t e  t h a t  w i t h i n  t h e  Cascade 

r e g i o n ,  t h e  p e r i o d  o f  October through March i s  c h a r a c t e r i z e d  by 

from 8 t o  1 2  i n c h e s  p e r  - 
a s  snow o r  runo f f  

t h e  form o f  r - 
monthly p r e c i p i t a t i o n  d u r i n g  t h e  remaining p o r t i o n  o f  t h e  y e a r  

shows r e l a t i v e l y  l i t t l e  between month v a r i a t i o n  ( excep t  f o r  a 

minor peak i n  ~ a y )  w i th  t o t a l  monthly v a l u e s  g e n e r a l l y  be ing  

less t h a n  3 i n c h e s .  A s i m i l a r  p a t t e r n  o c c u r s  w i t h i n  t h e  

Thompson P l a t e a u ,  w i t h  t h e  excep t ion  t h a t  peak monthly p r e c i p i t a t i o n  

o c c u r s  i n  t h e  s h o r t e r  p e r i o d  o f  December th rough  January ,  w i th  

a subs idua ry  peak i n  May and June.  S h o r t  term c l i m a t e  d a t a  

c o l l e c t e d  by t h e  ~ i r  Management Branch i n  t h e  v i c i n i t y  o f  t h e  

Coldwater  and O t t e r  Creek d r a i n a g e s  (shown on Table  2.2.1) 

f u r t h e r  i l l u s t r a t e  t h i s  p a t t e r n  and i n d i c a t e s  t h a t  mid-summer 

p r e c i p i t a t i o n  t o t a l s  appear  t o  be r e l a t i v e l y  c o n s i s t e n t  

th roughout  t h i s  r eg ion .  . , , 

:.*, ,o  \ ,> ,. . , ' ., . s . . i  \: CI . - i L r .  .i ~ ' * < \ a h r i -  \ <  . 1-4. hDur \;)be L , v ,  * I . \ \S  
, . \\o-\. , ~ \ 5 Q l c  2,2.5 , h r \ ( r u n ,  u*'/u.) ~ ? c r \ <  \ . ~ . ; C \ ~ J : ~ . . I . - ~ ~  k .  , ,  

,. \ . .' .; , I ( ,, ', 
' \ . . , -...( F. ( \ ~ - , ' ,  6. .  , , . - s t \  , \ I  : ' . - <  1 \ L , l d ? + )  \( ,\.,,! \ <., , < .  \(,\,, 

.',, 



b 7 
F i g u r e s  2.2.4 and 2.2.6 show t h e  f requency d i s t r i b u t i o n  

o f  24-hour p r e c i p i t a t i o n  and r a i n f a l l  f o r  s t a t i o n s  r e p r e s e n t a t i v e  

o f  t h e  Hope t o  Merritt c o r r i d o r .  Ra tes  o f  24-hour p r e c i p i t a t i o n  

can  be seen  t o  i n c r e a s e  from Hope i n l a n d  t o  Boston B a r  Creek,  

and t h e n  t o  s u b s t a n t i a l l y  dec rea se  on t h e  easi .?rn s i d e  o f  t h e  

Cascades.  Xkxaxdzxtzx These d a t a  show t h a t  10 y e a r  r e c u r r e n c e  

i n t e r v a l  24 houxr p r e c i p i t a t i o n  i s  i n  t h e  o r d e r  o f  5  i n c h e s  
(4 ca.-.-cL.' 2 s  --. 

i n  Boston Bar Creek and 1 .5  i n c h e s  i n  Merritt. Figure .  2.2.6 a--c c 2 . 2  3 
h 

i n d i c a t e s  t h a t  -" t h e  f requency o f  .24-hour r a i n f a l l  ,, r\ , , 

. . i s  s i m i l a r  t o  t h a t  f o r  t o t a l  p r e c i p i t a t i o n . '  R a t e s  o f  

r a i n f a l l  i n  Boston Bar Creek a r e  unknown as thennograph r e c o r d s  
rG&\ 

a t  t h e  M i n i s t r y  o f  y ~ i ~ h w a ~ s  & \ r a n s p o r t a t i o n ]  gauging si tes 

do n o t  p rov ide  a s u f f i c i e n t l y  complete r e c o r d  t o  a l l ow  t h e  

s e p a r a t i o n  o f  r a i n  and snow e v e n t s .  However it i s  expec ted  
y., . .4 < 3 ',<'~ 5 

t h a t  rates o f  24-hour r a i n  w i l l h b e  less t h a n  t h a t  o f  t o t a l  
Pa55 - 

p r e c i p i t a t i o n ,  a s  is  t h e  case f o r  A l l i son r ,  I t  i s  i n t e r e s t i n g  

t o  n o t e ,  however, t h a t  t h e  A l l i s o n  Pas s  d a t a  i n d i c a t e  t h a t  t h e  

p r e d i c t e d  magnitude o f  24 -hour r a i n f a l l  and t o t a l  p r e c i p i t a t i o n  

e v e n t s  converge a t  h igh  r e c u r r e n c e  i n t e r v a l s .  

Ra tes  o f  r a i n f a l l  and p r e c i p i t a t i o n  a t  Merritt f o r  p e r i o d s  
8 

o f  one,  two, f i v e  and t e n  days  a r e  shown on F i g u r e s  2.2.7 and 

9 2  2.2.8. These d a t a  i n d i c a t e  t h a t  t h e  t o t a l  r a i n f a l l  and 

 he Atmospheric Environment.  Se rv i ce  ha s  n o t  a b s t r a c t e d  24- 
hour r a i n f a l l  d a t a  f o r  Merritt STP. ' 

' ~ ? h e s e  f i g u r e s  a r e  based on d a t a  up t o  1966 and t h u s  24- 
hour va lues  a r e  n o t  equ iva len t  t o  those shown on Figures  
2.2.5 and 2.2.6, w h i c h - i n c l u d e  d a t a  up t o  1980. 



p r e c i p i t a t i o n  which can  be  expected t o  occur  o v e r  a t e n  d5y , 
pe r iod  i s  roughly double t h a t  p r e d i c t e d  on a 24-hour basi?+?r--?-'' ..:-. 

<-;.--- -- - 
-- 

The p r e c i p i t a t i o n  gauges a t  Merritt and Boston Bar Creek 

do  n o t  p rov ide  d a t a  f o r  p e r i o d s  o f  less thdn  ?4 hours and t h u s  

s h o r t e r  d u r a t i o n  f requency a n a l y s e s  a r e  unava i l ab l e .  

2.2.3 ' S i g n i f i c a n c e  

e 
The prec,eding d i s c u s s i o n  i n d i c a t e s  t h a t  t h e r e  i s  a 

d rama t i c  dec rease  i n  p r e c i p i t a t i o n  between Boston Bar Creek 

and Merritt. Thus s t reams  which d r a i n  t h e  e a s t e r n  s l o p e s  o f  

t h e  Cascades,  such a s  t h e  upper Coldwater River  and J u l i e t  
L - L  

Creek, can be  expected t o  have s i g n i f i c a n t l y  l a r g e r A d i s c h a r g e s  
TO{ t,o'>.!> of 

t han  t h o s e  whose d r a i n a g e s  l i e  e n t i r e l y  w i t h i n  t h e  Thompson 
0 

P l a t e a u  . 

The a v a i l a b l e  d a t a  do n o t  a l low t h e  p r e d i c t i o n  o f  peak 

r a i n f a l l  r a t e s  i n  t h o s e  r eg ions  immediately a d j a c e n t  t o  t h e  

Cascades.  However a n a l y s i s  o f  t h e  M i n i s t r y  of  T r a n s p o r t a t i o n  

and Highways' da c l i m a t e  d a t a  from Boston Bar Creek d u r i n g  
2L 

t h e  pe r iod  sur rounding  t h e  Decembern27, 1980, f l o o d  d i s c h a r g e s  
2.) ' c . . < > ~ ~  \;;..:. ... \ 

on t h e  Coquiha l la  and Coldwater Rivers  i n d i c a t e  t h a t  
' .  . , . . * -\: i i ?  > ' '\: ., .'. \; : , . .,,, ' , 4 . .  . . .  . '. 

Analys i s  o f  snow p i l l ow  d a t a  from t h e  Ot tomite  gauging s t a t i o n  

shows a n e t  d e c r e a s e  i n  snow water  e q u i v a l e n t  ove r  t h i s  pe r iod  

and t h u s  much o r  a l l  of  t h i s  p r e c i p i t a t i o n  must have been i n  

the  form of r a i n .  There fore ,  whi le  t h e  frequency a n a l y s e s  



f o r  24-hour p r e c i p i t a t i o n  i n  Boston Bar Creek may over -predic t  

va lues  of 24-hour r a i n f a l l C  f o r  low recur rence  i n t e r v a l  even t s ,  

t h e  extreme va lues  p red ic t ed  by t h e  graph a r e  l i k e l y  r e p r e s e n t a t i v e  

of r a i n f a l l  i n t e n s i t i e s  which could be reasonably expected.  

Thus r a t e s  of r a i n f a l l  o f  over 5 inches  i n  24 hours must be 

expected i n  t h e  headwater a r e a s  of  t h e  streams d r a i n i n g  t h e  

e a s t e r n  s lopes  of  t h e  Cascades. This  p r e c i p i t a t i o n  i n t e n s i t y  

i s  s u f f i c i e n t l y  high t o  r e s u l t  i n  severe  f lood 
.! '.. 

p a r t i c u l a r l y  i f  combined with  snow melt;;. s l o p e  e r o s i o n  ~ %. L 

(D tL'h&.cc.'i ei .~-r--  c~ ' 3 \-( 

and f a i l u r e  i n  s u s c e p t i b l e  ma te r i a l s ,  p wel l  i l l u s t r a t e d  
4 - -  - 

-7 l s o L h  ~ r a a - ~ ,  4 a - c  

by t h e  documented r e s u l t s  of  t h e  December 2 7  f lood  on Coldwater 

River ,  descr ibed  i n  Sec t ion  2.4. 



J F M A M J J A S O N D  J F M A M J J A S O N D  

Hope-Kawkawa Lake - E l ;  5 0 0  ft: ~ l l i s o n  P a s s  - E l .  4 ,400  ft. 

2 J F M A M J J A S O N D  J F M A M J J A S O N D  
B o s t o n  B a r  C r .  Upper - B o s t o n  B a r  C r .  Lower  - 

E l ,  4 , 4 0 0  f t ,  EL 4,026  ft, 

5 J F M A M J J A S O N D  J F M A M J J A S O N D  
- 

P C P R - C o q u i h a l l a  L a k e s  - M e r r i t t  - E l .  1 , 9 2 0  f t .  
E l .  3 , 6 9 0  f t . '  

0 .0  Mean Snow W a t e r  ~ q u i v .  ( i n c h e s )  Snow W a t e r  E q u i v .  
0 . 0  Mean R a i n  ( i n c h e s )  R a i n  
0 . 0  Mean ~ r e c i p l t a t i o n  ( i n c h e s )  

T o t a l  P r e c i p i t a t i o n  .: 

F i g u r e  2 . 2 . 1 :  S e a s o n a l  d i s t r i b u t i o n  a n d  c o m p o s i t i o n  of mean 
m o n t h l y  p r e c i p i t a t i o n .  



J F M A M J J A S O N D  J F M A M J J A S O N D  

Hope-Kawkawa L a k e  - E l .  5 0 0  F t .  A l l i s o n  P a s s  - E l .  4 , 4 0 0  F  

J F M A M J J A S O N D  J F M A M J J A S O N D  
B o s t o n  B a r  C r .  U p p e r  - 

E l .  4 , 4 0 0  F t .  
B o s t o n  B a r  C r .  L o w e r  - 

E l .  4 , 0 2 6  F t .  

9 J F M A M J J A S O N D  J F M A M J J A S O N D  

Z C P R - C o q u i h a l l a  L a k e s  - Merritt - E l .  1 , 9 2 0  F t .  
E l .  3 , 6 9 0  F t .  

0 . 0  Mean Snow Water E q u i v .  ( I n c h e s )  Snow Water E q u i v .  
0 . 0  Mean R a i n  ( I n c h e s )  R a i n  
0 . 0  Mean P r e c i p i t a t i o n  ( I n c h e s )  

T o t a l  P r e c i p i t a t i o n  

F i g u r e  2 . 2 . 1  : S e a s o n a l  d i s t r i b u t i o n  a n d  composition of mean 
m o n t h l y  p r e c i p i t a t i o n .  
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0  
Jan F e b  Mar AP r MaY Jun J u l  

0 1  0 1  0 1  0 1  0 1  15 0 1  15 0 1  

0 B o s t o n  B a r  C r e e k  (Upper),  e l ev .  4 , 4 0 0  f e e t  ( 1 9 7 4 - 1 9 8 0 )  

B o s t o n  B a r  C r e e k  ( L o w e r )  , e lev .  4 , 0 2 6  f e e t  ( 1 9 7 4 - 1 9 8 0 )  

B r o o k m e r e ,  elev. 3 , 2 1 0  f e e t  ( 1 9 4 5 - 1 9 8 0 )  

F\Sure. 2 . 2 . 3  t Average s n o w  a c c u m u l a t i o n  i n  the v i c i n i t y  of the  
the s t u d y  area. 



B i o g e o c l i m a t i c  Annua l  % a s  
Zone P r e c i p .  Snow 

mrn (in) 

C o a s t a l  Doug la s  F i r  657-1524 (26-  6 0 )  2-  9 

C o a s t a l  Western Hemlock 1550-4400 (61-173) 7-14 

S u b a l p i n e  Moun ta in  Hemlock 1780-4320 (70-170) 20-70 

A l p i n e  T u n d r a  700-2800 (28-110) 72-74 

S u b a l p i n e  Engelmann S p r u c e -  
S u b a l p i n e  F i r  

410-1830 (16-  7 2 )  43 

I n t e r i o r  Doug la s  F i r  359- 565  ( 1 4 -  2 2 )  24-51 

P o n d e r o s a  Pine-Bunch G r a s s  213- 352 ( 8- 1 4 )  16-29 

F i g u r e  2 .2 .4 :  B i o g e o c l i m a t i c  z o n e s  a n d  a s s o c i a t e d  p r e c i p i t a t i o n  
i n  s o u f h w e s t e r n  B r i t i s h  Columbia  ( a f t e r  Kra j ina ,  1 9 7 3  
a n d  B e l l  e t  a l ,  1976)- 



B i o g e o c l i m a t i c  
Zone 

C o a s t a l  Douglas F i r  

Annual 
P r e c i p .  

% as  
Snow 

C o a s t a l  Western  Hemlock 1550-4400 (61-173) 7-14 

S u b a l p i n e  Mountain Hemlock 1780-4320 (70-170) 20-70 

A l p i n e  Tundra  700-2808 (28-110) 72-74 

S u b a l p i n e  Engelmann Spruce-  
S u b a l p i n e  F i r  410-1830 (16- 72)  43 

I n t e r i o r  Douglas F i r  

Ponderosa  Pine-Bunch Grass 213- 352 ( 8- 1 4 )  16-29 

F i g u r e  2 .2 .4 :  B i o g e o c l i m a t i c  zones  and a s s o c i a t e d  p r e c i p i t a t i o n  
i n  s o u t h w e s t e r n  B r i t i s h  Columbia,  



TABLE 2.2.1: Monthly p r e c i p i t a t i o n  t o t a l s  r e c o r d e d  a t  A i r  Management Branch C l i m a t e  S t a t i o n s .  

STATION 

NAME 

ZEPHYR 

COLDWATER 

BROMELY 

LOCKIE 

THYNNE 

THALIA 

SPEARING 

HASTINGS 

BATES . 

BLUEY 

AVERAGE 

.d 

PERIOD OF 

RECORD 

71 ,  72 ,  73  

71 ,  72 ,  73  

7 1 ,  72 

71 ,  72 

71 ,  72 

71 ,  72 

71 ,  72 

71 ,  72 

71 ,  72 

71 ,  72 

REFERENCE 

NUMBER 

116258 

116259 

112010 

112013 

112014 

112015 

112016 

112017 

112018 

112027 

APR 

- 

- 

.42 

.20 

-06 

-06 

.05 

-18 

.05 

.11 

.14 

ELEVATION 

(FEET) 

2240 

2432 

2420 

2560 

2730 

2855 

3180 

3630 

3455 

3380 

JUL 

. 4 1  

.22 

.17 

.52 

.55 

. 4 1  

.35 

.60 

.45 

.45 

. 4 1  

TOTAL 

MAY 

.48 

.37 

.64 

.56 

.48 

.53 

.57 

.65 

.77 

.61  

- 5 7  

MONTHLY 

JUN 

1 .75  

1 . 3 1  

2.00 

1 .57  

1 .75  

1.76 

1 .85  

2.39 

2.48 

2.50 

1 .94  

INCHES 

OCT 

.58 

1 .07  

1 .90  

3.16 

3.88 

2.66 

2.17 

1 . 2 1  

1 .60  

1.64 

1 .99  

J 

PRECIPITATION 

AUG 

. 5 1  

.69 

.97 

.67 

.74 

.59 

.50 

- 

.70 

.62 

.67 

- 
. SEP 

. 9 1  

.92 

.80 

1 .20  

.90 

.97 

.89 

.97 

.93 

.88 

.82 



1 I I I . 
Jan  Feb Mar Apr May June J u l y  Aug Sep O c t  Nov D e c  

0 maximum observed 

mean maximum 

t o t a l  p r e c i p i t a t i o n  

-- -. r a i n f a l l  

d a t a  s u p p l i e d  by t h e  Atmospheric Environment S e r v i c e  

. I - i . .. ? -. ,. ,/, . L ,', : Seasona l  v a r i a t i o n  i n  maximum 24-hour ~ r e c i p i t a t i o n  and r a i n f a l l  
k a t  M e r r i t t ,  B .C. (1918-1952; 1962-1966) 
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Return  p e r i o d  ( y e a r s )  

2  3 4 5  10 25 50 100 200 500 

- - 
99 98 96  90 80 50 3 3  25  10 4 2 1 0 . 5 0 . 2  

Frequency ( p e r c e n t  l a r g e r )  

N o t e :  S t r a i g h t  l i n e s  f i t t e d  by e y e .  The l e n g t h  o f  t h e  l i n e s  
c o r r e s p o n d s  e x a c t l y  t o  t h e  e x t e n t  o f  d a t a  c o v e r a g e ,  

F\ga~c 2 a 2  .d = Frequency d i s t r i b u t i o n  of g r e a t e s t  a n n u a l  24-hour p r e c i p i t a t i o n .  



Retu r .  . r i o d  ( y e a r s )  

2 3 4 5  1 0  25 50 100200 500 

99 96 90 80  50 33 25 1 0  4 2 1 0 . 5  0.2 

Frequency  ( p e r c e n t  l a r g e r )  

Note: S t r a i g h t  l i n e s  f i t t e d  by e y e .  The l e n g t h  o f  t h e  so l id  
l i n e s  c o r r e s p o n d s  e x a c t l y  t o  t h e  e x t e n t  o f  d a t a  c o v e r a g e .  

Frequency  d i s t r i b u t i o n  o f  g r e a t e s t  a n n u a l  24-hour r a i n f a l l .  



Return  p e r i o d  ( y e a r s )  

3 4 5 7 1 0  2 0  30 4 0  50 75 100 

Frequency ( p e r c e n t  l a r g e r )  

Notes :  Data p rov ided  by t h e  A i r  Management Branch,  B .C .  M i n i s t r y  o f  t h e  
Environment  . 
A n a l y s i s  under taken  u s i n g  t h e  Gumbel Type 1 d i s t r i b u t i o n  f i t t e d  
by t h e  method o f  moments. 
The l e n q t h  o f  t h e  s o l i d  l i n e  c o r r e s p o n d s  e x a c t l y  w i t h  t h e  e x t e n t  
o f  d a t a  coverage .  

Frequency d i s t r i b u t i o n  of 1, 2 ,  5 and 1 0  day t o t a l  p r e c i p i t a t i o n  
a t  M e r r i t t .  - 



Retu rn  p e r i o d  ( y e a r s )  

2  3 4  5 7 10 2 0  3 0  4 0 5 0  75 U)O 

Frequency ( p e r c e n t  l a r g e r )  

Notes:  Data p rov ided  by t h e  A i r  Management Branch,  B.C. M i n i s t r y  of t h e  
Environment  . 
A n a l y s i s  unde r t aken  u s i n g  t h e  Gurnbel Type 1 d i s t r i b u t i o n  f i t t e d  
by t h e  method o f  moments. 
The l e n g t h  o f  t h e  s o l i d  l i n e  c o r r e s p o n d s  e x a c t l y  w i t h  t h e  e x t e n t  
o f  t h e  d a t a  coverage  . 

/ 

\-\gu<e 7.2 .8  Frequency d i s t r i b u t i o n  of 1, 2 ,  5 and 10 day  t o t a l  p r e c i p i t a t i o n  
a t  Merritt .  



Return  P e r i o d  ( y e a r s )  

Frequency ( p e r c e n t  l a r g e r )  

Notes: Data provided by t h e  A i r  Management Branch,  B .C.  M i n i s t r y  o f  t h e  
Environment. 
Ana lys i s  under taken u s i n g  t h e  Gumbel Type 1 d i s t r i b u t i o n  f i t t e d  
by t h e  method o f  moments. 
The l e n g t h  o f  t h e  s o l i d  l i n e  cor responds  e x a c t l y  with t h e  e x t e n t  
of  d a t a  coverage.  

Frequency d i s t r i b u t i o n  o f  1, 2 ,  5 and 10 day r a i n f a l l  a t  Merritt. 
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2.3 Runoff Regime 

2.3.1 Annual Runoff 

Table  2.3.1 p r e s e n t s  a  summary of  hydro log ic  d a t a  from t h e  

Water Survey of  Canada gauging s t a t i o n s  l o c a t e d  i n  t h e  v i c i n i t y  

o f  Coldwater River .  Gauging s t a t i o n  l o c a t i o n s  a r e  shown on F i g u r e  

2.3.1. 

The t a b u l a t e d  v a l u e s  i n d i c a t e  t h a t  t h e  mean annua l  r uno f f  
~ c r \ f c ~ \  

i s  approximate ly  47 i nches  i n  t h e  r e g i o n  o f  t h e  Cascade 

Range ( a s  r e p r e s e n t e d  by t h e  s t a t i o n  Coquiha l la  R ive r  below Needle 

Creek) .  Runoff v a l u e s  recorded  on Coldwater  River  range  from 28 

i nches  a t  Brookmere t o  12 i n c h e s  a t  Merritt and r e f l e c t  t h e  

i n c r e a s i n g  pe rcen t ages  o f  t h e  upstream b a s i n  which a r e  l o c a t e d  

i n  t h e  d r i e r  r e g i o n  o f  t h e  Thompson P l a t eau .  Gauging s t a t i o n s  

on Sp ius  Creek and on Tulameen River  have runof f  v a l u e s  r ang ing  

from 18 t o  35 i n c h e s ,  r e f l e c t i n g  t h e  l a r g e  percen tage  o f  t h e i r  

upstream d r a i n a g e s  which a r e  l o c a t e d  w i t h i n  t h e  Cascades.  Runoff 

v a l u e s  f o r  t h e  Thompson P l a t e a u  n o r t h  of  Merritt ( n o t  t a b u l a t e d )  

d e c r e a s e  t o  t h e  o r d e r  o f  one i nch .  Th i s  v a r i a t i o n  i n  runof f  

s u p p o r t s  t h e  r e g i o n a l  p a t t e r n  i n  p r e c i p i t a t i o n  developed i n  

S e c t i o n  2.2 and f u r t h e r  i n d i c a t e s  t h a t  t h e  gauging s t a t i o n s  on 
0- 

Coldwater River a t  Brookmere,~Tulameen River  upst ream of Coalmont, 

on Sp ius  Creek, and on Coquiha l la  River -be low Needle Creek a l l  

have a r e l a t i v e l y  s i m i l a r  range i n  runof f  va lue s .  Thus d a t a  

from t h e s e  s t a t i o n s  can  be  used a s  a  b a s i s  f o r  d e s c r i b i n g  t h e  



hydro log i c  c o n d i t i o n s  o c c u r r i n g  w i t h i n  t h e  c e n t r a l  and e a s t e r n  

r eg ion  o f  t h e  Cascades.  

F i g u r e  2.3.2 shows t h e  maximcn, average ,  and mininum a e a n  

monthly d i s cha rge  f o r  Coldwater River  n e a r  Brookmere. 

Maximum monthly d i s c h a r g e s  occu r  i n  May and June,  w i t h  15 t o  20 

p e r c e n t  o f  t h e  t o t a l  annua l  r uno f f  g e n e r a l l y  o c c u r r i n g  a t  t h i s  

t i m e .  Minor peaks  i n  d i s c h a r g e  a l s o  occu r  i n  November, December, 

and January .  Th i s  s e a s o n a l  p a t t e r n  o f  runof f  r e f l e c t s  t h e  

dominant s p r i n g  snow-melt a s  w e l l  as peaks  i n  p r e c i p i t a t i o n  which 
w 

occu r  i n  b o t h  t h e  s p r i n g  and f a l l  a s  p r e$ ious ly  shown on F i g u r e  

2.2.5. 

Maximum, ave rage ,  and minimum d a i l y  d i s c h a r g e  v a l u e s  recorded  

i n  each month o f  t h e  yea r  on Coldwater River  n e a r  Brookmere 

are shown i n  F igu re  2.3.3. The maximum annual  d i s c h a r g e  

Bas occur red  i n  t h e  s p r i n g  13 t imes  i n  t h e  15 y e a r s  o f  r eco rd .  

The maximum observed d a i l y  f low o f  3238 c f s  -occurred on D e c .  27, 

1980 and i s  s l i g h t l y  h ighe r  than  t h e  maximum observed s p r i n g  

d i s c h a r g e  of  3220 c f s  which occu r r ed  on  May 10 ,  1972. Minimum 

d a i l y  f lows  can be s een  t o  occur  i n  t h e  mid-winter p e r i o d  o f  

December, January  and. February ,  and a g a i n  i n  t h e  l a t e  summer 

pe r iod  o f  August and September. Th i s  s e a s o n a l  p a t t e r n  c o n s i s t i n g  

o f  two p e r i o d s  o f  bo th  maximum and minimum d i s c h a r g e  i n d i c a t e s  

t h a t  f requency a n a l y s e s  must c o n s i d e r  b a t h  p o p u l a t i o n s  of  

e v e n t s ,  r a t h e r  t han  j u s t  ana lyz ing  t h e  extreme annua l  v a l u e s .  



.2.3.2 Maximum Daily Discharge 

F igure  2.3.4 shows t h e  r e l a t i o n s h i p  between t h e  geometric 

mean of t h e  annual peak d a i l y  d ischarges  al&d ' .asin a rea  f o r  t h e  

s t a t i o n s  t a b u l a t e d  on Table 2.3.1. Within a hydro log ica l ly  

homogeneous a r e a ,  u n i t  d i scharge  can be expected t o  i n c r e a s e  
p l o t t e d  

wi th  decreas ing  b a s i n  a r e a ,  a s  i n d i c a t e d  by theAenvelope curves .  

The anomalously low annual d i scharge  va lues  f o r  s t a t i o n s  2 through 
? o < + ' \ D ~ s  O'? 

7 l i k e l y  r e f l e c t - t h e i r  l o c a t i o n  wi th in  t h e  ~ h 6 p s o n  
4 

Pla teau  and t h e  s h o r t  per iod of record over  which they  w e r e  

o p e r a t i o n a l  (1 t o  3 y e a r s ) .  S i m i l a r l y ,  s t a t i o n s  12 and 1 4  a r e  

loca ted  e n t i r e l y  wi th in  t h e  Thompson P la t eau  and thus  can a l s o  

be expected t o  have sma l l e r  than average d i scha rges .  The 

remaining s t a t i o n s  show a r e l a t i v e l y  good f i t  t o  t h e  envelope 

curve recommended by Creager e t  a l .  (1961) , with  t h e  s l i g h t l y  

lower value a s soc ia t ed  wi th  t h e  Coldwater River a t  Merritt 

( s t a t i o n  10) being n o t  unexpected. Thus t h e  va lues  p red ic t ed  

by t h e  envelope curve provide a rough guide t o  t h e  average 

annual peak d a i l y  d i scha rges  which . can be expected i n  t h e  

headwaters of t h e  Coldwater dra inage .  A s  t h i s  e s t i m a t e  i s  based 

on t h e  geometric mean of  t h e  maximum annual va lues ,  t h e  p red ic t ed  - _ - ------ .- - + 
d i scha rges  t h e o r e t i c a l g k  have a recur rence  i n t e r v a l  o f  approximately 

\ 

2 yea r s .  

The maximum observed d a i l y  d ischarge  ,va lues  (on a u n i t  

a r e a  Bas is )  a r e  p l o t t e d  on Figure  2.3.5 and show a s i m i l a r  

r e g i o n a l  v a r i a t i o n  a s  descr ibed  above. The envelope curve aga in  



shows a reasonably good f i t  t o  t h e  recorded d a t a  and provides  

a rough e s t i m a t e  of t h e  s i z e  o f  d i scha rge  which could be expected 

t o  occur  i n  t h e  headwater r eg ion  of  t h e  Coldwater d ra inage  on 

t h e  b a s i s  of  va lues  t~bse rved  i n  t h e  surroundir;g reg ion .  No 

r ecu r rence  i n t e r v a l  can be a t t a c h e d  t o  t h e s e  e s t i m a t e s .  

A magnitude and frequency a n a l y s i s  of  peak d i scha rges  was 

undertaken f o r  t h e  s t a t i o n s  on Table 2 .3 . l .which have 10 o r  

more yea r s  o f  d a t a .  Frequency ana lyses  were conducted on t h e  

maximum annual d i scha rges  and on t h e  maximum d i scha rges  recorded 

i n  t h e  pe r iods  o f  September t o  February and March t o  August. 

The a n a l y s i s  based on recorded d i scha rges  i n  t h e  f a l l - w i n t e r  and 

spring-summer pe r iods  i s  based on a technique developed by 
mdy;\r 

Stodda r t  and W a t t  (1970) and a l lows  t h e  separatk+n,of r a i n  and 

snowmelt peaks. A s  d i scussed  by Church and K e l l e r h a l s  (1979) ,  

t h i s  procedure i s  a s t a t i s t i c a l l y - v a l i d  method of  ana lys ing  

d a t a  which i s  composed o f  two popula t ions  of e v e n t s ,  and 

f r e q u e n t l y  y i e l d s  a more conse rva t ive  (i .e., l a r g e r )  e s t i m a t e  

of  t h e  magnitude of  high recur rence  i n t e r v a l  d i scha rges  than 

would r e s u l t  i f  t h e  two popula t ions  were n o t  d i f f e r e n t i a t e d .  An 

example of  t h e  use of t h i s  technique i s  shown i n  F igure  2.3.6. 

. Analys i s  of  each d a t a  set was undertaken us ing  t h e  computer 

program developed by t h e  Inventory and Engineer ing Branch o f  

t h e  B .C. Min i s t ry  of t h e  Environment.  his program produces 

d i scha rge  e s t i m a t e s  based on fou r  d i f f e r e n t  frequency d i s t r i b u t i o n s .  

A summary o f  r e s u l t s  ~ ~ - ~ k v e r b e I o w -  
-- 



=F 
shown i n  Tables  2.3.2 t o  2.3.4. B e s t  e s t i m a t e s  o f  s p e c i f i c  

. r ecu r rence  i n t e r v a l  d i scharge  w e r e  chosen from t h e  range of  

computed va lues  on t h e  b a s i s  o f  d a t a  skew, s i z e  o f  t h e  s tandard  

e r r o r  of t h e  e s t ima te  and r e s u l t s  of  t h e  ~o lmogorov-~mi rnov  
-. 

goodness of  f i t  test ;  

I 

e s t i m a t e s  f o r  Coldwater River,  

- shown i n  Tables 2.3.3 and 2.3.4, deserve comment. Maximum annual 

d i scha rges  occur  i n  bo th  t h e  September t o  February and March t o  

- - - .  - August pe r iods ,  wi th  t h e  ma jo r i ty  o f  maximum annual flows 

occur r ing  i n  t h e  sp r ing .  I n  some y e a r s ,  no s i g n i f i c a n t  flow 

e occurred du r ing  t h e  f a l l  and win te r ,  and thus  frequency ana lysas  

based on t h e  l a r g e s t  annual flow i n  t h i s  per iod inzc ludes  

numerous va lues  of mid-winter minimum flow va lues .  Thus t h e  QYs i A s  x 

- \ e L e ~ c  
? c c l i o c  9 u a n a l y s t s  mss conducted on flows of  widely vary ing  magnitude and 

5 S<C & e 8 0 \ - c  

.- ~. -. ... t h e  resu1ti"dg ana4pk-is f r e q u e n t l y  u n r e l i a b l e ,  a s  i n d i c a t e d  

- by the Kolmogorov-Smirnov goodness of  f i t  t e s t .  The b e s t  e s t i m a t e s  
70%-4ur\ 9r.L 

of ,d i scharge  a r e  t hus  p r imar i ly  based on t h e  a n a l y s i s  o f  ,annual 
- -- -- - 

and s p r i n g  d i scha rges .  However i n  t h e  case  o f  Coldwater River 

1 a t  Merritt, t h e  p r e d i c t e d  f a l l  and w i n t e r  d i scha rges  a r e  n o t  

I e n t i r e l y  unreasonable and thus  t h e  b e s t  e s t i m a t e  value i s  s l i g h t l y  
I 
1 l a r g e r  than those  p r e d i c t e d  on t h e  b a s i s  o f  t h e  s p r i n g  d i scha rges .  
1 
1 The va lues  a r r i v e d  a t  i n  t h i s  manner appear t o  be c o n s i s t e n t  w i th  

t h e  d i scharges  p red ic t ed  on t h e  b a s i s  o f  o t h e r  s t a t i o n s  i n  t h e  

reg ion  . 



-values  of t h e  2 ,  10 ,  50, 
'&& 0 5  

100, and 200frecur rence  i n t e r v a l  d i scharges  a r e  p l o t t e d  a g a i n s t  
h 

b a s i n  a rea  i n  Figures  2.3.7 t o  2.3.11. 

$ The b e s t  f i t  l i n e  through t h e  p l o t t e d  d a t a  i s  r e p r e s e n t a t i v e  

o f  cond i t ions  occur r ing  wi th in  and along t h e  &as?. s lope  of  t h e  

Cascade Range, and i s  t h u s  app l i cab le  t o  t h e  Coldwater dra inage  

upstream of  Kingsvale.  Data from Coldwater River a t  Merritt 

. .~ . . p l o t s  below t h e  b e s t  f i t  l i n e  r e f l e c t i n g  t h e  percentage of t h e  

upstream bas in  which d r a i n s  t h e  Thompson Pla teau .  S i m i l a r l y ,  

d i scharge  e s t i m a t e s  f o r  O t t e r  Creek a t  Tulameen, which i s  both 

r egu la t ed  and s i t u a t e d  wi th in  t h e  Thompson P la t eau ,  a r e  less 

than  those  p red ic t ed  by t h e  remaining s t a t i o n s .  The' b e s t  

f i t  l i n e  on these  graphs can be used a s  a  b a s i s  f o r  p r e d i c t i n g  . I % &Q\C-A\t\T..\< $ 1$["!< kt.*( 20m\0,7 ,(,n,.t,*,,,"- 
s p e c i f i c  recur rence  i n t e r v a l  d i scharges  a long  t h e  Coquihalla h - c - -  a 

' A 
% -- 

Lakes t o  Kingsvale s e c t i o n  of t h e  Hope-Merritt Highway. (Basin 

a r e a s  f o r  t h i s  s e c t i o n  of Coldwater River a r e  presented  i n  

Sec t ion  4 . 2 . )  

1 



2 Discharges  f o r  b a s i n  a r e a s  o f  less than  20 m i l e s  i n  a r e a  

are d i f f i c u l t  t o  e s t i m a t e  a s  t h e r e  a r e  no r e l e v a n t  gauging 

s t a t i o n s  i n  t h i s  s i z e  range.  A rough e s t i m a t e  o f  t h e  average 
{A 

annual  mean d a i l y  d i s c h a r g e  can  be  made on t h e  b a s i s  o f r e n v e l o p e  

cu rves  shown i n  F'-gure 2.3.4. I n  o r d e r  t o  e s t i m a t e  t h e  p o t e n t i a l  

s i z e  o f  peak f l ows ,  t h e  200 y e a r  r ecu r r ence  i n t e r v a l  d i s c h a r g e s  

c a l c u l a t e d  p r e v i o u s l y  have been conver ted  i n t o  u n i t  d i s cha rges  

and p l o t t e d  a g a i n s t  b a s i n  a r e a  i n  F igure  2.3.12. The u n i t  runof f  

v a l u e s  can be  s e e n  t o  i n c r e a s e  w i th  dec reas ing  b a s i n  a r e a ,  and 

correspond r e l a t i v e l y  w e l l  t o  t h e  envelope curve  proposed by 
n 
L 

Creager  e t  a l ,  (1961) .  Th is  curve ,  w i t h  a c o e f f i c i e n t  e e q u z l  t o  
2 

4 ,  p rov ides  an approximat ion o f  t h e  a00 y e a r  mean d a i l y  d i s c h a r g e  

f o r  sma l l  b a s i n  a r e a s .  

2.3.3 Maximum Ins t an t aneous  Discharge 

The d i s c h a r g e s  p r e d i c t e d  i n  t h e  p reced ing  s e c t i o n  a r e  



estimates o f  t h e  "mean d a i l y  d i s cha rge" .  Within t h i s  24 hour  

p e r i o d ,  t h e  "maximum in s t an t aneous"  o r  peak f low can be s i g n i f i c a n t 1 1  

h i g h e r ,  and i s  f r e q u e n t l y  t h e  major cause  of  f l o o d  damage. 

For t h i s  reason  t h e  Guide t o  Br idse  Hydrau l i c s ,  by N e i l 1  (1973) 

recommends t h a t  d e s i g n  f lows  should  be  c a l c u l a t e d  on t h e  b a s i s  

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

\? 
Figu re  2 . 3 . u  p r e s e n t s  a  compi l a t i on  o f  t h e  average  r a t i o s  

o f  i n s t a n t a n e o u s  t o  cor responding  mean d a i l y  d i s c h a r g e s  f o r  

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

t h e  maximum d i s c h a r g e  recorded  each  y e a r ,  s t a t i o n s  on t h e  

Coquiha l la  River  below Needle Creek,  and on t h e  Coldwater River  

( r e f e r e n c e  numbers 1, 80 ' and 9)  have average  r a t i o s  of 
1 I4 

approx imate ly  1.2. F igure  2.3.Y3 p r e s e n t s  a  s i m i l a r  p l o t  

showing t h e  maximum observed r a t i o s . '  Values  from Coquiha l la  and 

Coldwater R ive r s  can  be seen  t o  range from 1.6 t o  1.75, Th i s  

r a t i o  normal ly  i n c r e a s e s  a s  bas in '  a r e a  d e c r e a s e s  and t h u s  a  

t e n t a t i v e  enve lope  curve  ha s  been drawn through the d a t a .  

The s i g n i f i c a n t  d i f f e r e n c e  i n  v a l u e s  p r e d i c t e d  by t h e s e  

two f i g u r e s  r e f l e c t  t h e  dominance o f  r a t i o s  a s s o c i a t e d  w i t h  

snowmelt f l o o d s  which comprise t h e  m a j o r i t y  o f  t h e  recorded  
I < 

e v e n t s .  T h i s i s i l l u s t r a t e d b y  F igu re  2.3.114whichshows 

a l l ' o f  t h e  r a t i o s  o f  i n s t a n t a n e o u s  t o  mean d a i l y  d i s c h a r g e  

observed on Coldwater  River  n e a r  Brookmere. TBe snowmelt e v e n t s  

can be g e n e r a l l y  seen  t o  have r a t i o s  i n  t h e  range o f  1.05 . b 

1.2 ,  wh i l e  t h e  f a l l  r a i n s t o r m  a s s o c i a t e d  e v e n t s  have ra t ios  of 



1.24 t o  1.73. I t  i s  s i g n i f i c a n t  t h a t  t h e  r a t i o  o f  i n s t a n t a n e o u s  

t o  mean d a i l y  d i s c h a r g e  a s s o c i a t e d  w i th  t h e  f a l l  storms 

i n c r e a s e s  w i t h  s i z e  o f  t h e  mean d a i l y  f low. I t  i s  t h u s  recommended 

t h a t  t h e  envelope curve  a b c u t  t h e  maximum observed  r a t i o s  o f  

i n s t a n t a n e o u s  t o  mean d a i l y  d i s c h a r g e  (F igu re  2.3.13) be  used 

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

w i t h  h igh  r e c u r r e n c e  i n t e r v a l  e s e n t s .  

2.3.4 Minimum Discharge  

The minimum observed  d i s c h a r g e s  f o r  t h e  s t a t i o n s  l i s t e d  
\b 

on Table  2.3.1 a r e  p l o t t e d  on F igu re  2.3.l%. S t a t i o n s  whose 

upstaeam d r a i n a g e s  a r e  l o c a t e d  p r i n c i p a l l y  w i t h i n  t h e  Thompson 

P l a t e a u  ( r e f e r e n c e  numbers 2 ,  3 ,  7 ,  10 ,  1 2 ,  and 1 4 )  can be s een  

t o  have minimum f lows  o f  o r  n e a r  0 c f s .  S t a t i o n s  p r i n c i p a l l y  

d r a i n i n g  t h e  e a s t  s l o p e  o f  t h e  Cascades have l a r g e r  minimum 

f lows  o f  0.04 t o  0.1 c f s / m i l e 2 ,  wh i l e  w i t h i n  the Cascades,  minimum 

2 d i s c h a r g e s  a r e  s l i g h t l y  h i g h e r  a t  0.3 c f s /mi l e  . These d i s c h a r g e s  

a r e  a l l  s u f f i c i e n t l y  sma l l  t h a t  low f lows ,  p a r t i c u l a r l y  d u r i n g  

p e r i o d s  of  e i t h e r  v e r y  warm o r  v e r y  c o l d  weather  may comprise  a 

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

. Frequency a n a l y s e s  o f  low f lows recorded  on t h e  two s t a t i o n s  
\ 7 \el 

on Coldwater  River  a r e  shown on F igu re s  2.3.ka and 2.3.f?.  

A t  r e c u r r e n c e  i n t e r v a l s  less than  1.25 y e a r s ,  minimum f lows n e a r  

Brookmere a r e  more s e v e r e  i n  t h e  summer t h a n  i n  t h e  w i n t e r .  



Above t h i s  recur rence  i n t e r v a l ,  w in te r  minimums a r e  s m a l l e r  t han  

t h e  corresponding summer d i scharge .  These ana lyses  i n d i c a t e  

t h a t  once every  10 y e a r s ,  mid-winter minimum flows can be 

expected t o  dec rease  t o  10 c f s ,  wi th  t h e  corresponding recur rence  

i n t e r v a l  mid-summer minimums being 16 t o  17 c f s .  

The frequency a n a l y s i s  o f  minimum d i scha rges  on Coldwater 

River a t  Merritt i n d i c a t e  t h a t  t h e  summer minimum flows a r e  

more seve re  f o r  a l l  r ecu r rence  i n t e r v a l s .  Thus once every  10 

y e a r s  s m e r  minimum d i scha rges  can be expected t o  decrease  t o  

6 c f s ,  wh i l e  t h e  corresponding win te r  minimum i s  15 c f s .  I t  

i s  i n t e r e s t i n g  t o  no te  t h a t  t h e  summer minimum d i scha rges  a t  

Merritt a r e  smaller than  a t  Brookmere, poss ib ly  r e f l e c t i n g  

e v a p o t r a n s p i r a t i o n  l o s s e s  and water  withdrawal f o r  a g r i c u l t u r a l  

and domestic purposes.  

2.3.5 Water Temperature and I c e  Cover 

Water temperatures  observed a t  t h e  two gauging s t a t i o n s  on 
\9 -2.0 

Coldwater River are shown on F igure  2.3.223 and 2.3.1[9. Near 

Brookmere, peak mid-summer temperatures  can be seen t o  occur  i n  

t h e  per iod  of J u l y ,  August, and September and reach  va lues  of 

15OC t o  18OC. A t  Merritt, maximum water temperatures  occur  i n  

roughly t h e  same t i m e  per iod ,  wi th  l a r g e r  percentages  of t h e  

extreme va lues  occu r r ing  i n  t h e  July-August per iod.  Maximum 

observed va lues  a r e  s l i g h t l y  warmer than  a t  Brookmere and .omrnonly 

reach  15Oc t o  22Oc. These temperatures  a r e  s u f f i c i e n t l y  sd,~ 
pose problems t o  t h e  f i s h e r i e s  resource ,  as d i scussed  i n  Sec t ion  

- ,  



Mid-winter t empera tu res  o f  OOC . have been recorded  a t  bo th  

s t a t i o n s  o v e r  t h e  p e r i o d  of  l a t e  November through e a r l y  March. 

The l onge r  term o b s e r v a t i o n s  o f  i ce  cond i t i ons1  compiled by 

t h e  Water Sumey  of  Canada i n d i c a t e  t h a t  a t  t h e  Brookmere S t a t i o n ,  

ice h a s  been p r e s e n t  i n  t h e  r i v e r  a s  e a r l y  a s  October 28. The 

l a t e s t  recorded  i n i t i a t i o n  o f  ice c o n d i t i o n s  i s  December 1 4 ,  

w i t h  a median d a t e  of  November 27. The c e s s a t i o n  of  ice c o n d i t i o n s  

h a s  occu r r ed  as e a r l y  a s  January  22 and as l a t e  a s  A p r i l  2 ,  w i t h  

a median d a t e  o f  March 11. The l o n g e s t  r ecorded  p e r i o d  o f  

con t inuous  ice c o n d i t i o n s  was 132 days ,  when ice  was p r e s e n t  between 

November 21, 1972 and A p r i l  2 ,  1973. 

Discharges  recorded  d u r i n g  p e r i o d s  o f  ice c o n d i t i o n s  a r e  
cc c e,ce t-?,',y 

g e n e r a l l y  s m a l l ,  w i t h  maximum v a l u e s  qe-y b e i n g  i n  t h e  

range  o f  100 t o  500 c f s .  However i n  t h e  s p r i n g  o f  1968, t h e  

p e r i o d  o f  recorded  ice c o n d i t i o n s  was immediately fo l lowed by 

a d i s c h a r g e  o f  1,200 c f s .  Thus,while most d i s c h a r g e s  a s s o c i a t e d  

w i t h  ice c o n d i t i o n s  a r e  o f  r e l a t i v e l y  sma l l  s i z e ,  o c c a s i o n a l l y  

modera te ly  l a r g e  d i s c h a r g e s  w i l l  occur  and can  be  expec ted  t o  

r e s u l t  i n  ice jamming and ice p r e s s u r e  a g a i n s t  s t r u c t u r e s  

such as b r i d g e s .  

 he Water Survey of  Canada r e c o r d s  i n d i c a t e  t h o s e  days  on 
which t h e  s t a g e - d i s c h a r g e  r e l a t i o n s h i p  h a s  been a f f e c t e d  
by t h e  p resence  o f  ice.  Ice c o n d i t i o n s  do n o t  n e c e s s a r i l y  

mean t h a t  a  complete cover  o f  ice i s  p r e s e n t .  



2.3.6 Water L icences  

I n  t!!e r eg ion  between Coquiha l la  Lakes and Shouz Creek 
ace 

( l o c a t e d  j u s t  s o u t h  o f  K ingsva l e ) ,  t h e r e  -- no o u t s t a n d i n g  

w a t e r  l i c e n c e s  l o c a t e d  i n  t h e  v i c i n i t y  o f  t h e  mainstem o f  

Coldwater  River .  *' There i s  one a p p l i c a t i o n  on f i l e  from Leafa r  

Lands L td .  o f  Kamloops, B.C., f o r  6,000 g a l l o n s  o f  domes t ic  

wa t e r  p e r  day f o r  a  s i t e  l o c a t e d  on t h e  f a n  o f  B o t t l e t o p  Creek. 

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

development. I n fo rma t ion  s u p p l i e d  by M r .  Kent o f  t h e  M i n i s t r y  

o f  T r a n s p o r t a t i o n  and Highways i n d i c a t e s  t h a t  t h i s  p r o j e c t  has  

now been abandoned. 

Water l i c e n c e s  i s s u e d  f o r  s i t es  a d j a c e n t  t o  Coldwater  

River  n o r t h  o f  Shouz Creek a r e  summarized on Tab les  2.3. t o  

2.3. Water l i c e n c e s  on t h e  lower r eaches  o f  Voght Creek,  

n e a r  Kingsvale  and i t s  t r i b u t a r i e s  have a l s o  been i nc luded  i n  

t h i s  summary. The approximate l o c a t i o n  o f  i n t a k e  f a c i l i t i e s  

a r e  shown on F igu re s  2.3.21 t o  2.3.23. The m a j o r i t y  o f  wa t e r  

l i c e n c e s  a r e  f o r  i r r i g a t i o n  purposes  on ly .  I n  t h e  r e g i o n  n e a r  

Kingsvale  (shown on F igu re  2.3.21) , domest ic  w a t e r  consumers 

who may be a f f e c t e d  by t h e  proposed highway a l ignment  a r e  l i m i t e d  

t o  Trans  Mountain P i p e l i n e  L td .  which i s  a l lowed t o  draw 1,000 

g a l l o n s  p e r  day from Coldwater River ,  and I.E. Busby who i s  

*'as o f  October 27, 1980. 



l i c e n c e d  t o  use a s i m i l a r  q u a n t i t y  o f  w a t e r  from Voght Creek. 

Water l i c e n c e s  on  Coldwater  River  i n  the v i c i n i t y  of  

Midday Creek, shown on F igure  2.3.22, arz a g a i n  rnost ly f o r  
w 

i r r i g a t i o n  purposes .  Two excep t ions  occu r  a t  t h e  sou the rn  

boundary o f  t h i s  r eg ion  where a t o t a l  domest ic  use  o f  500 g a l l o n s /  

day h a s  been a u t h o r i z e d .  I n  t h e  r eg ion  n o r t h  t o  Nicola  River ,  

t h e r e  i s  on ly  one l i c e n c e d  u s e r  o f  domest ic  wa te r ,  which i s  

t h e  Town o f  Merritt. 



Note : Reference numbers r e f e r  t o  Table' 2.3.1. 
8 

S t a t i o n  l o c a t i o n s :  

A Coyuihal la  d ra inage  
0 Nicola d ra inage  
0 sirnilkameen d ra inage  

L 2 \ Vater  Survey of Canada qauging s t a t i o n  loca t ions , .  
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Figure 2 . 3 .  : Maximum, average and m i n i r n . ~  d a i l y  d i scha rge  f o r  

each month of t h e  y e a r ,  Coldwater River ,  n e a r  
Brookmere (1965-1980) . 



Basin area "A"  (miles2) 

Note: Envelope curve i s  from Creager's Equation: 

- 0 . 0 4 8  
g = 46  c ~ ( 0 . 8 9 4 A  1-1 

Reference numbers r e f e r  t o  Table 2 .3 .1 .  

, Geometric mean of annual peak d a i l y  d ischarges  (pe r  FLsilc - 
ii un i t  area)  plotted against  basin area. 



1 2 4 6 8 10 20 40 60 80 100 200 400 600 80 

Bas in  area  "A" (miles2) 

Note: Envelope curve i s  from Creager ' s    qua ti on: 

Reference numbers r e f e r  to  Table 2 . 3 . 1 .  

F\qUic 7.7.: Maximum observed mean d a i l y  d i scharge  ( p e r  u n i t  area) 
p l o t t e d  a g a i n s t  b a s i n  a r e a .  



1 . O l  1 .20 2 .O 5.0 10.0 20.0 50.0 100.0 

Return p e r i o d  "T" ( y e a r s )  

Note: For a  s p e c i f i c  d i s c h a r g e  Q C' T S is 

t h e  a s s o c i a t e d  r ecu r r ence  i n t e r v a l  

f o r  s p r i n g  snowmelt e v e n t s ,  TF i s  

t h e  a s s o c i a t e d  r e c u r r e n c e  i n t e r v a l  

f o r  f a l l  r a i n s t o r m  e v e n t s  and TC i s  

t h e  r ecu r r ence  i n t e r v a l  f o r  t h e  

combined popu la t i on  o f  e v e n t s  . 

6c 2.3.b An i l l u s t r a t i o n  o f  t h e  procedure for  

a f l o o d  f requency a n a l y s i s  u s i n g  a combinat ion 
of bo th  s p r i n g  and f a l l  d i s c h a r g e s .  



1.01 1.20 2.0 5.0 10.0 20.0 50.0 100.0 

RETURN PERIOD nf" ( y e a r s )  

NOTES : For o specific discharge Qc , Ts i s  the associated 

recurrence interval for spring snowmelt events ; TF is 

the associated recurrence interval  for fa l l  rainstorm 

events and Tc is the recurrence interval  f o r  t h e  

combined population of events. 

'z.7.b 
Fig. - An i l lustration of the procedure 

for f lood frequency analysis using a 
combination of both spring and f a l l  
discharges. 



1 0 0  
3 .  4 6 8 1 0  15 20 30 40 60 80 101) 150 200 300 400 60080010 

B a s i n  area "Aw ( m i l e s 2 )  

1 
-I 

Tulameen k ive r  n e a r  Coa lnon t  , / 
/ 

I I I I 
Coldwate r  R i v e r  n e a r  Brookmere 

Coldwa ter , River 
a t  Merrltt 

I 

C o s u i h a l l a  R i v e r  l 

below Needle Creek I /  
I I \ 

t 
*/ 
/ O t t e r  Creek 

a t  Tulameen 
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N o t e :  .The p l o t t e d  l i n e  h a s  t h e  e q u a t i o n :  

In (Q) = 0 . 8 1 l n  (A) + I n  42.92 

P r e d i c t e d  t w o  y e a r  r e c u r r e n c e  i n t e r v a l  d i s c h a r g e  
p l o t t e d  a g a i n s t  b a s i n  area. 



I 
i n d i c a t e s  t h e  range i n  e s t i m a t e d  

- l / va lues  p r e d i c t e d  by d i f f e r e n t  
f requency d i s t r i b u t i o n s  I 

- [ \ i n d i c a t e s  t h e  most l i k e l y  va lue ,  based  on a n  
assessment  o f  skew, s t a n d a r d  e r r o r  o f f  t h e  e s t i m a t e  - 
and t h e  Kolmogorov-Smirnov tes t  f o r  goodness o f  f i t  

I I I I I 1 I I f I 1  1 1 I 1 1 

Basin  a r e a  "A" ( m i l e s 2 )  

Note: The p l o t t e d  l i n e  h a s  t h e  equa t ion :  

I n  ( Q )  = 0.72 I n  (A) + I n  95.03 

F\$UKC 2.3#3 P r e d i c t e d  t e n  y e a r  r ecu r r ence  i n t e r v a l  d i s c h a r g e  
p l o t t e d  a g a i n s t  b a s i n  a r e a .  



Tulameen River  n e a r  Coalmont 

I I I I I I  I 1 / I  
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i n d i c a t e s  t h e  range  i n  e s t i m a t e d  
- I/ v a l u e s  p r e d i c t e d  by d i f f e r e n t  

f requency  d i s t r i b u t i o n s  

i n d i c a t e s  t h e  most l i k e l y  v a l u e ,  based on an  
a s se s smen t  o f  skew, s t a n d a r d  e r r o r  o f f  t h e  e s t i m a t e  
and  t h e  Kolmogorov-Smirnov tes t  f o r  ""'-5 goodness o f  f i t  

Bas in  a r e a  "A" ( m i l e s 2 )  

N o t e :  The p l o t t e d  l i n e  h a s  t h e  e q u a t i o n :  

I n  (Q) = 0.64 I n  (A)  + I n  186.33 

J 

F\s4~c  2.3 ,9  Predicted 50 year r e c u r r e n c e  i n t e r v a l  d i s c h a r g e  
p l o t t e d  a g a i n s t  b a s i n  a r e a .  



N o t e :  The p l o t t e d  l i n e  has  t h e  equa t ion :  

I n  (Q) = 0.61 I n  (A) + In  228.93 . 

Tulameen River  n e a r  Ccalmont --r_e'O 

Spius  Creek n e a r  Canford 

f f i ~ ~ ~ ~  7 ' 3 ' r 0  P r e d i c t e d  100 y e a r  r ecu r rence  i n t e r v a l  d i scha rge  
plotted aga ins t  basin area.  
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i n d i c a t e s  t h e  range i n  e s t ima ted  1 / v a l u e s  p r e d i c t e d  by d i f f e r e n t  
frequency d i s t r i b u t i o n s  I '8 

-- 
[ \ i n d i c a t e s  t h e  most l i k e l y  va lue ,  based on an  

assessment  o f  skew, s t anda rd  e r r o r  o f f  t h e  e s t i m a t e ,  
and t h e  Kolmogorov-Smirnov t e s t  f o r  goodness o f  f i t  
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Tulameen River  near  Coalmont 
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I-\ b l e r r i t t  1 
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i n d i c a t e s  t h e  range i n  e s t ima ted  
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Basin a r e a  "A" (mi le s2 )  

Note: The p l o t t e d  l i n e  has  the  equat ion:  

In (Q) = 0.58 I n  (A)  + I n  302.47 

J 

x$dre 7 0 3 d  Pred ic t ed  200 year recurrence  i n t e r v a l  d ischarge  
p l o t t e d  a g a i n s t  bas in  a r e a .  



Basin a r e a  "An ( m i l e s 2 )  

N o t e :  Envelope curve i s  from Creager ' s  Equation: 

P red ic t ed  200  yea r  recur rence  i n t e r v a l  u n i t  d i scha rges  
p l o t t e d  a g a i n s t .  b a s i n  a r e a .  
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Basin a r e a  (mi les2)  

Note: Reference numbers r e f e r  t o  Table 2.3.1. 

-- 
* \ 
, n ,  \ <  . . - ,  , '\Ji- 

Maximum observed r a t i o  of i n s t an taneous  t o  mean d a i l y  d i scharge  p l o t t e d  a g a i n s t  
b a s i n  a r e a .  



0 5 00 1 0 0 0  1500 2000 2500 3000 3500 4000 

Maximum annual mean d a i l y  discharge ( c f s )  

Note: 0 r ep resen t s  a discharge occurr ing i n  May 
and June 

0 represents  a discharge occurr ing i n  December 

\ 4 
F\we 2 . 3 . W '  Observed r a t i o s  of ins tantaneous t o  mean d a i l y  

discharge f o r  the  Coldwater River, near Brookmere. 



Basin a r e a  ( m i l e s 2 )  

Note: Reference numbers r e f e r  t o  Table 2.3.1. 

- 
bi%ui e -2.7. \L: Minimum observed d a i l y  d ischarge  p l o t t e d  a g a i n s t  bas in  

a r e a .  



Frequency ( p e r c e n t  s m a l l e r )  

98 96 90 80 50 33 2520 10 4 2 1 05 0.2 

Note: Frequency a n a l y s e s  a r e  based on:  

0 minimum d i s c h a r g e  between December and May 

minimum d i s c h a r g e  between June and November 

/ 
j I T -  . % Frequency a n a l y s e s  o f  minimum f lows  on \ L-;..\g Coldwater River ,  n e a r  Brookmere. 



Frequency ( p e r c e n t  sma l l e r ) '  

1 .25 2 3 4 5  1 0  25 50 100 200 500 

Return  p e r i o d  ( y e a r s )  

Note: Frequency a n a l y s e s  a r e  based on: 

0 minimum d i s c h a r g e  between December and May 

minimum d i s c h a r g e  between June  and November 

Frequency a n a l y s e s  o f  minimum f lows  on 
Coldwater  R ive r ,  a t  Merri tt . 







Boundary I n t a k e  Water 
Refe rence  Source  

L icence  L i c e n c e e  
# 

Amount 

6061  A N i l s s o n  C r .  5717 F F.D. & L.A. Miller domes t i c  
i r r i g a t i o n  

Coldwater  R.  20032 F T r a n s  Mountain 
P i p e l i n e  

dome s t  i c  

gB N i l s s o n  C r .  11780 F Balco ~ n d u s t r i e s  L td  . i r r i g a t i o n  

EE Coldwater  R .  

J~ Coldwate r  R .  

15575 F J . M .  Anderson i r r i g a t i o n  

53595 C C . R .  & J.  McLeod 
53596 C D.  H a r r i s o n  
53597 C J . M .  Anderson 

i r r i g a t i o n  
i r r i g a t i o n  
i r r i g a t i o n  

M N i l s s o n  C r .  

M~ K ingsva le  C r .  

A s  p e r  I n t a k e  Refe rence  A.  

53598 C J . M .  Anderson i r r i g a t i o n  

N i l s s o n  C r .  

Voght C r  . 
A s  p e r  I n t a k e  Refe rence  A .  

29788 C I . E .  Busby domes t i c  1 , 0 0 0  GD 
i r r i g a t i o n  1 5  AF 

i r r i g a t i o n  22 AF 

i r r i g a t i o n  19.250 AF 

i r r i g a t i o n  0.400 A .  

i r r i g a t i o n  0.350 AF 

Coldwater  R.  9269 F C . A .  B e a t t o n  

Co ldwa te r  R.  53597 C J . M .  Anderson 

53596 C D .  H a r r i s o n  Coldwater  R.  

Co ldwa te r  R .  53595 C C . R .  & J .  McLeod 

Voght C r .  366048 A W.H.  Grayson 
F . H .  Harwood 
K .  Moyes 

domes t i c  8 ,500 GD 

Unnamed 
( D e v i l ' s )  C r .  367132 A J . M .  Anderson i r r i g a t i o n  100 AF 

'GD - g a l l o n s / d a y  R e :  L icence  # I s :  F  i n d i c a t e s  a f i n a l i z e d  l i c e n c e .  
C i n d i c a t e s  a c o n d i t i o n a l  l i c e n c e .  

2~~ - a c r e - f e e t  A i n d i c a t e s  a n  a p p l i c a t i o n  o n l y .  , 

Water l i c e n c e  d a t a  i n  t h e  v i c i n i t y  o f  K i n g s v a l e .  





Boundary I n t a k e  Water 
Reference  Source  

L i c e n c e  
# 

Licencee  Amount 

6053 A 

W Coldwater  R .  11230 F I n d i a n  Af f a i r s  i r r i g a t i o n  205 A F ~  

X 

6054 E Coldwater  R.  11229 F I n d i a n  A f f a i r s  i r r i g a t i o n  10 .0  AF 

E Coldwater  R .  47351 F H .S. S t r a n d e  i r r i g a t i o n  50.4 AF - 

E~ } Coldwater  R .  33227 F 
A.E. & R.M. Powell  domes t i c  500 GD' 

FF E.D. & D.M.  Mackie i r r i g a t i o n  120 AF 

GG Coldwater  R .  50392 F D .  & A.  Belcham i r r i g a t i o n  115 AF 

GG Coldwater  R .  50393 F W.C. S t r a n d e  i r r i g a t i o n  45 AF 

Q* Coldwater  R.  A s  p e r  I n t a k e  Refence GG (50392 F) . 

'AF - a c r e - f e e t  - 
2~~ - g a l l o n s / d a y  

I 

Re: Licence  # I s :  F i n d i c a t e s  a f i n a l i z e d  l i c e n c e .  
C i n d i c a t e s  a c o n d i t i o n a l  l i c e n c e .  
A i n d i c a t e s  an a p p l i c a t i o n  o n l y .  

Water l i c e n c e  d a t a  i n  t h e  v i c i n i t y  o f  Midday Creek.  



Boundary I n t a k e  Water 
Refe rence  Source  

6052 B D3 Coldwater  R .  

6052 C U Coldwater  R. 

C Coldwa te r  R. 

qQ Coldwate r  R .  

'AF - a c r e - f e e t  

2~~ - g a l l o n s / d a y  

L i c e n c e  L i c e n c e e  
# 

U s e  Amount 

14629 F C o l l e t t  Ranch L t d .  i r r i g a t i o n  335 AF' 

25311 F Town o f  Merritt waterworks 1 ,000 ,000  G D ~  
26589 F Town o f  Merritt waterworks  15 ,000  GD 
30750 F Town o f  Merritt waterworks  463,100 GD 
30751 F Town o f  Merritt waterworks  463,100 GD 

11230 F I n d i a n  A f f a i r s  i r r i g a t i o n  205 AF 

32353 F G.E. & B.L. Ewal t  i r r i g a t i o n  400 AF 

Re :  L icence  # I s :  F  i n d i c a t e s  a f i n a l i z e d  l i c e n c e .  
C i n d i c a t e s  a c o n d i t i o n a l  l i c e n c e .  
A i n d i c a t e s  a n  a p p l i c a t i o n  o n l y .  

Water l i c e n c e  d a t a  f o r  t h e  r e g i o n  immedia te ly  s o u t h  o f  Merritt. 
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2 .4 F l u v i a l  P r o c e s s e s  

2.4.1 The F l u v i a l  S e t t i n g  

Coldwater  R iver  can  be d e s c r i b e d  a s  a  deg rad ing ,  g r a v e l  

t o  cobb l e  bedded,  i r r e g u l a r l y  meandering channe l .  The r i v e r  i s  

l a t e r a l l y  mobi le ,  w i t h  meander p r o g r e s s i o n  and o c c a s i o n a l  

c u t - o f f s  r e s u l t i n g  i n  t h e  fo rmat ion  o f  a  modera te ly  wide v a l l e y  

f l a t .  Lowlying a r e a s  o f  we t land  occu r  commonly, and a r e  

g e n e r a l l y  formed by abandoned r i v e r  channe l s  or  groundwater  

ponded beh ind  beaver  dams and o t h e r  o b s t r u c t i o n s .  

The r i v e r  i s  o c c a s i o n a l l y  con f ined  by e i t h e r  t h e  v a l l e y  

w a l l s  o r  t e r r a c e s  o f  v a r y i n g  h e i g h t .  The v a l l e y  w a l l s  a r e  

p r i m a r i l y  formed o f  till o v e r l y i n g  bedrock and a r e  t h u s  r e s i s t e n t  

t o  e r o s i o n .  I n  t h e s e  a r e a s ,  r a t e s  of  channe l  m i g r a t i o n  may be 

compa ra t i ve ly  slow and l a r g e  s c o u r  h o l e s  f r e q u e n t l y  develop.  

The rel ic outwash and l a c u s t r i n e  t e r r a c e s  a r e  a l s o  r e l a t i v e l y  

r e s i s t e n t ,  e x c e p t  d u r i n g  major  f l o o d s  when f l u v i a l  u n d e r c u t t i n g  

can  r e s u l t  i n  s i g n i f i c a n t  q u a n t i t i e s  o f  sed iment  p r o d u c t i o n j .  

The v a l l e y  f l a t  and a s s o c i a t e d  low t e r r a c e s  a r e  less r e s i s t e n t  

t o  e r o s i o n  and unde rcu t  banks and p a r t i a l l y  e roded  v e g e t a t i o n  

a r e  commonly found a long  t h e  o u t s i d e  edges  o f  meander bends.  

Numerous sma l l  t r i b u t a r i e s  d r a i n  i n t o .  t h e  Coldwater  R iver  

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



c h a n n e l t o  t h e  oppcsing v a l l e y  w a l l .  Of t h e  f o u r  major t r i b u t a r i e s  

i n  t h e  r eg ion  between t h e  upper b r i d g e  c r o s s i n g  n e a r  ' ~ o ~ u i h a l l a  

Lakes and Kingsvale ,  t h r e e  a r e  o f  p a r t i c u l a r  r e l evance  t o  t h e  

proposed Highway. Loss c r  Mine Creek, J u l i e t  Creek and B o t t l e t o p  
e v e  

Creek,, .all  p a r t l y  i n c i s e d  w i t h i n  t h e i r  f a n s ,  b u t  s t i l l  remain 

l a t e r a l l y  u n s t a b l e .  J u l i e t  Creek has  an  upstream b a s i n  a r e a  

o f  34.5 m i l e s 2  and t h u s  i s  s l i g h t l y  l a r g e r  i n  s i z e  t h a n  t h e  

main s t e m  o f  Coldwater River  a t  t h i s  p o i n t .  The remaining 

s t ream8,  Brook Creek (nea r  Brookmere) , i s  p a r t i a l l y  r e g u l a t e d  

by a n  upstream l a k e  and poses  no concerns  f o r  t h i s  p r o j e c t  a s  

t h e  highway a l ignment  i s  l o c a t e d  on t h e  opposing v a l l e y  w a l l .  

An i nven to ry  o f  v a l l e y  f l a t  c h a r a c t e r i s t i c s  a long  t h e  

r e l e v a n t  s e c t i o n s  o f  Coldwater River  i s  p re sen t ed  i n  F igu re  

2.4.1. The mapping i n d i c a t e s  a r e a s  o f  a c t i v e  channe l ,  f a n s ,  

we t land ,  and r eg ions  appea r ing  t o  be s u b j e c t  t o  f l o o d i n g  a t  
\e5> 

vary ing  f requence .  The exposed bedrock ou t c rops  w i t h i n  t h e  

v a l l e y  f l a t  and e x i s t i n g  revetments  a r e  a l s o  i n d i c a t e d .  The 

' 3  c r i t e r i a  upon which f l o o d i n g  e v a l u a t i o n s  w e r e  made a r e  shown on - I , )  , - 
-3- 

Table  2.3.1, t h e  v a l l e y  f l a t  mapping legend .  

One o f  t h e  i t e m s  which should  be no ted  on t h i s  mapping is  

t h e  e x i s t i n g  d i s t r i b u t i o n  o f  t r a i n i n g  works. Rough c a l c u l a t i o n s  

i n d i c a t e  t h a t  3.5 m i l e s  o f  r eve tments  have been p l aced  between 

t h e  upper hxx e x i s t i n g  b r i d g e  c r o s s i n g  n e a r  Coquiha l la  Lakes 

and Brodie .  The t o t a l  thalweg l e n g t h  i n  t h i s  r each  i s  12.7 

m i l e s .  I n  t h e  r eg ion  between t h e  e x i s t i n g  b r i d g e  n e a r  Kingsvale  
< ,<,,, $,( y\,, v, . y ; , d ? L  \.,G<~.CY . - a ,  - 

ex\,y,, ,.y, 3 > I  

and t h e  proposedfina3 encroachment,, (,$ t a t i o n  : ~ * Y ~ ~ ~ ' ~  ) approximately 

su:>\,l 
AlY fn 



1.1 m i l e s  of t r a i n i n g  works have a l ready been i n s t a l l e d .  The 

t o t a l  thalweg l eng th  i n  t h i s  reach i s  approximately 2 . 3  m i l e s .  

Thus b r idge  sites and encroachments a s soc ia t ed  wi th  t h e  

o r i g i n a l  CPR rai lway alignment,  t h e  Trans-Mountain O i l  P i p e l i n e  

and the Westcoast Transmission Gas P ipe l ine  have a l r eady  r e s u l t e d  

i n  a s i g n i f i c a n t  r e s t r i c t i o n  of the  l a t e r a l  mobi l i ty  of Coldwater 

River.  



2.4.2 Channel Geomoetry 

I n  o r d e r  t o  d e f i n e  t h e  channe l  geometry o f  Coldwater  River ,  

21  c r o s s - s e c t i o n s  w e r e  surveyed f o r  t h e  p r e s e n t  s t udy  by t h e  

M i n i s t r y  o f  Transsor 'a t ion and Highways. Twelve si tes and 

a s s o c i a t e d  l ong  p r o f i l e s  w e r e  e s t a b l i s h e d  a t  t h e  proposed 

d i v e r s i o n  s i te  between S t a t i o n s  2155 t o  2176 f e e t  (657-663 m) . 
Five  s e c t i o n s  w e r e  surveyed i n  t h e  r eg ion  o f  t h e  Brod ie  

D ive r s ion  a t  S t a t i o n s  2600-2620 f e e t  (792-799 m) and s i x  

s e c t i o n s  w e r e  e s t a b l i s h e d  i n  t h e  v i c i n i t y  o f  t h e  Kingsvale  

D ive r s ion  a t  S t a t i o n s  2914 t o  2922 f e e t  (888-891 m ) .  Cross-  

s e c t i o n  l o c a t i o n s  a r e  i n d i c a t e d  on F igu re  2.4.1. 

The h y d r a u l i c  p r o p e r t i e s  o f  t h e  surveyed c r o s s - s e c t i o n s  

are summarized i n  Tab les  2.4.2 t o  2.4.4. l  These d a t a  show t h e  

channe l  geometry based on t h e  wa te r  l e v e l  a t  the d a t e  o f  su rvey ,  

on t h e  b a s i s  o f  t h e  e l e v a t i o n  o f  l owes t  r oo t ed  v e g e t a t i o n  and 

t h e  i t w a  l owes t  channe l  bank. I n  o r d e r  t o  compute d i s c h a r g e ,  

t h e  roughness  f a c t o r  n i n  Manning's formula h a s  been e s t i m a t e d  

from t h e  S t r i c k l e r  formula:  

w i t h  D50 based on t h e  g r i d  samples d i s cus sed  i n  S e c t i o n  2.4.3. 

Slope e s t i m a t e s  w e r e  based on averages  betwesn t h e  upstream 

l ~ h e  o r i g i n a l  su rvey  r e s u l t s  have been f i l e d  w i t h  t h e  Design 
and Surveys  Branch o f  t h e  M i n i s t r y  o f  T r a n s p o r t a t i o n  and 
Highways i n  V i c t o r i a .  



and downstream water surface  e levat ions  a t  the  da te  of survey, 

and on highwater surface s lopes est imates based on the  e levat ion 

of rooted vegetat ion.  



2 .4 .3  Bed ancl Bank M a t e r i a l s  

I n  t h e  r each  between t h e  upper  b r i d g e  c r o s s i n g  n e a r  

Coqu iha l l a  Lakes and Kingsva le ,  Coldwater  R iver  i s  p r i m a r i l y  

g r a v e l  t o  cobh le  bedded. Sand s i z e d  m a t e r i a l s  a r e  g e n e r a l l y  

l i m i t e d  to  s m a l l  d e p o s i t s  i n  s h e l t e r e d  l o c a t i o n s ,  such a s  a l ong  

t h e  i n s i d e  o f  meander bends ,  a d j a c e n t  t o  s m a l l  s i d e  channe l s ,  

o r  i n  t h e  lee o f  b o u l d e r s ,  l o g  jams and i s l a n d s .  Log d e p o s i t s  

o f  l a r g e  boulclers occu r  i n f r e q u e n t l y ,  and p r i m a r i l y  r e s u l t  

from t h e  reworking o f  outwash m a t e r i a l s .  These l a r g e  b o u l d e r s  

a r e  f r e q u e n t l l r  a s s o c i a t e d  w i t h  major  s c o u r  h o l e s .  

A I n  o r d e r  to  q u e n t i f y  bed m a t e r i a l  s i z e s ,  n i n e  samples were 
f 

c o l l e c t e d  fronl t h e  r e g i o n  o f  t h e  t h r e e  proposed d i v e r s i o n  

channe l s .  San~ples  w e r e  c o l l e c t e d  by s t r e t c h i n g  a su rvey  t a p e  

a c r o s s  a  typicma1 exposed a r e a  o f  r i v e r  bed o r  b a r  a s  shown i n  

P l a t e  2 . 4  .l. The i n t e r m e d i a t e  a x i s  o f  50 s t o n e s  l o c a t e d  

d i r e c t l y  benea th  a r e g u l a r l y  spaced i n t e r v a l  was t hen  measured 

and c o n s t i t u t e :  t h e  sample.  The method i s  d e s c r i b e d  i n  d e t a i l  

i n  K e l l e r h a l s  and Bray,  1971. The r e s u l t i n g  g r a i n  s i z e  

d i s t r i b u t i o n  i s  e q u i v a l e n t  t o  a  s e i v e  cu rve .  The n i n e  s i z e  

d i s t r i b u t i o n s  a r e  p l o t t e d  on F igu re  2.4.2 and t h e  main r e s u l t s  

a r e  t a b u l a t e d  i n  Tab le  2.4.5. The t ex tu r e s  o f  t h e  sampled 

m a t e r i a l s  a r e  r e l a t i v e l y  s i m i l a r  and no s i g n i f i c a n t  change 

was obse rved  between t h e  d i v e r s i o n  si tes.  The average  t e x t u r a l  

composi t ion  shown by t h e s e  d a t a  t h e r e f o r e  r e p r e s e n t s  t h e  s i z e  o f  

m a t e r i a l  r e q u i r e d  i n  o r d e r  t o  p r e v e n t  t h e  r i v e r  from degrad ing .  



Like a l l  degrad ing  g r a v e l  bed r i v e r s ,  a lmos t  t h e  e n t i r e  

r i v e r  bed i s  arnloured i n  t h e  s ense  t h a t  t h e  exposed s u r f a c e  

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

immediately below t h a t  l a y e r .  The above g r i d  samples c h a r a c t e r i z e  

o n l y  t h e  s u r f a c e  a m o u r  and t h e  unde r ly ing  sed iments  w i l l  be 

f i n e r  i n  s i z e .  Volumetr ic  samples encompassing many c u b i c  

y a r d s  o f  m a t e r i a l  would be  r e q u i r e d  t o  a c c u r a t e l y  sample t h e  

unde r ly ing  sed iments  and t h i s  l e v e l  o f  e f f o r t  i s  n o t  war ran ted  

i n  t h e  p r e s e n t  s t udy .  

The composi t ion o f  t h e  r i v e r  banks v a r y  w i t h  t h e  o r i g i n  . I- 

o f  t h e  m a t e r i a l .  Where t h e  r i v e r  impinges on t h e  v a l l e y  w a l l ,  

bedrock,  l a c u s t r i n e ,  g l a c i a l  and g l a c i o - f l u v i a l  sediments  may 

b e  exposed.  Adjacen t  t o  major t r i b u t a r i e s ,  exposures  i n  f l u v i ~ l  

f a n  m a t e r i a l s  range  i n  t e x t u r e  from s i l t  and c l a y  t o  sands  and 

g r a v e l s .  A t  sites where t h e  r i v e r  impinges on f l u v i a l  t e r r a c e  

m a t e r i a l s ,  t h e  sedimentary  sequence i s  g e n e r a l l y  composed o f  up 

t o  1 m o f  sands  o r  g r a v e l l y  sands  o v e r l y i n g  g r a v e l s  o r  g r a v e l l y  

cobb le s  and bou lde r s .  Low l y i n g  t e r r a c e s  and t h e  a c t i v e  f l o o d  

p l a i n  are formed by a s i m i l a r  sedimentary  s t r u c t u r e  e x c e p t  

t h a t  t h e  sandy f l u v i a l  veneer  i s  u s u a l l y  b e t t e r  developed,  a s  

shown on P l a t e  2 .4 .2 .  

Sub-bed m a t e r i a l s  w e r e  n o t  sampled, b u t  can g e n e r a l l y  be  

expec ted  t o  b e  composed o f  sandy g r a v e l s  and g r a v e l l y  cobbles  

and bou lde r s .  However, a s  d i s c u s s e d  i n  t h e  Geology S e c t i o n ,  

f i n e  t e x t u r e d  g l a c i a l  o r  g l a c i o - l a c u s t r i n e  sediments  may occu r  



beneath the  p resen t  r i v e r  bed. The depth t o  bedrock i s  genera l ly  

not  known. However i n  the  v i c i n i t y  of t h e  bedrock outcrops 

ind ica ted  OD Figure 2 . 4 . 1 ,  bedrock may be found a t  o r  immediately 

below t h e  r i v e r  bed. \ \ 



2.4.4 Channel S t a b i l i t y  

On a geological t ine scale, Coldwater River i s  lower ing 

i t s  bed and widening i t s  v a l l e y  and t h u s  t h e  r i v e r  i s  b o t h  

v e r t i c a l l y  and l a t e r a l l y  u n s t a b l e .  

The l o n g  t e r m  t r e n d  o f  channel  deg rada t i on  w i l l  l i k e l y  

o n l y  be  n o t i c e a b l e  on a t i m e  s c a l e  o f  c e n t u r i e s .  However, 

s i g n i f i c a n t  s h o r t  term v a r i a t i o n s  i n  bed e l e v a t i o n  can  b e  

expec t ed  a s  a r e s u l t  o f  t h e  s h i f t i n g  o f  g r a v e l  b a r s ,  t h e  passage 

o f  a p a r t i c u l a r l y  heavy s l u g  o f  sediment ,  t h e  format ion and 

d e s t r u c t i o n  of d e b p i s  jams o r  due t o  channe l  m i g r a t i o n  and 

c u t - o f f s .  Such p roces se s  can be  expec ted  t o  r e s u l t  i n  changes 

i n  w a t e r  l e v e l  f o r  a  s p e c i f i c  d i s c h a r g e  o f  up t o  3 o r  4 meters, 

L a t e r a l  s t a b i l i t y  i s  a much more n o t i c e a b l e  p roces s .  

I n  t h e  und i s tu rbed  s t a t e ,  Coldwater River  cou ld  b e  expec ted  

t o  f r e e l y  m i g r a t e  from v a l l e y  w a l l  t o  v a l l e y  w a l l .   xis sting 

reve tments  have,  however, c u r t a i l e d  t h i s  p r o c e s s ,  and t h e  

proposed highway a l ignment  w i l l  add a d d i t i o n a l  r e s t r i c t i o n s .  

I n  o r d e r  t o  document p o t e n t i a l  r a t e s  o f  e r o s i o n ,  t h e  n e t  channel  
brr s 

d i sp l acemen t  between May 5 ,  1978 and January  13 ,  1981 1- been 

determined on t h e  b a s i s  o f  a e r i a l  photography f o r  a  number o f  

si tes r e l e v a n t  t o  t h e  proposed a l ignment .  The r e s u l t s  a r e  

t a b u l a t e d  i n  Appendix 111, wi th  t h e  measurement s i te  l o c a t i o n s  

b e i n g  i n d i c a t e d  i n  F igure  2.4 .l. 



Annual maximum mean d a i l y  d i scha rges  measured a t  Coldwater 

River nea r  Brookmere w e r e  1 1970 c f s  i n  1978, 1395 c f s  i n  1979 

and 3238 cfs '  i n  1980. The 1980 flow was a s s o c i a t e d  with  an 

in s t an taneous  dis$icarge of  222 5332 cfs . '  On t h e  b a s i s  o f  t h e  
L 

f lood  frequency ana lyses  presen ted  i n  Sec t ion  2.3.2, t h e  1980 

mean d a i l y  flow has  a recur rence  i n t e r v a l  of approximately 

20 t o  25 yea r s .  Observat ions  p r i o r  t o  t h e  December 27 f lood  

e v e n t ,  and subsequent f i e l d  and photogrammetric i n v e s t i g a t i o n s ,  

i n d i c a t e  most o r  a l l  of t h e  channel displacements  t a b u l a t e d  i n  

Appendix I11 a r e  r e l a t e d  t o  t h e  peak d ischarge  of  December 27, 

1980. I t  i s  i n t e r e s t i n g  t o  no te  t h a t  t h e r e  was a n o t i c e a b l e  

i n c r e a s e  i n  channel  i n s t a b i l i t y  downstream o f  J u l i e t  Creek 

i n d i c a t i n g  t h i s  d ra inage  a r e a  produced 

-\spa* of runoff  
*\ '---------, 

-- - ------ _ - _ _  - 

Areas of r i v e r  channel l o c a t e d  a d j a c e n t  t o  wetland a r e a s  

o r  lowlying a r e a s  s u b j e c t  t o  f r e q u e n t l y  f lood ing  ( u n i t s  W and 

2 on t h e  v a l l e y  f l a t  mapping shown i n  Figure  2.4.1) w e r e  observed 

t o  be h i g h l y  mobile, w i th  complete channel r e l o c a t i o n s  of up t o  

50 m be ing  recorded.  Channel r e l o c a t i o n s  o r  avu l s ions  appeared 

t o  be p a r t i c u l a r l y  p r e v a l e n t  i n  a r e a s  o f  d e b r i s  jams o r  beaver  

dams and i n  t h e  v i c i n i t y  of  poor q u a l i t y  r i p - r a p  designed t o  

keep t h e  r i v e r  o u t  of a former channel .  

~ h a n n x e l  i n s t a b i l i t y  i n  h ighe r  e l e v a t i o n  a r e a s  of  t h e  

'prel iminary e s t i m a t e s .  



v a l l e y  f l a t  ( u n i t s  2 + 3, 2/3, 3/2 and 3) was a l s o  widespread,  

w i t h  meander p rog res s ion  o f  up t o  20 m be ing  common. Channel 

d isplacements  a d j a c e n t  t o  low t e r r a c e s  ( u n i t s  3/4, 4 /3  and 4 j  

w e r e  much s m a l l e r ,  w i th  v a l u e s  o f  less than  2 t o  3 m e t e r s  

be ing  r e p r e s e n t a t i v e .  

Areas of channe l  p r o t e c t e d  by r i p - r a p  w e r e  a l s o  observed 

t o  be  s u b j e c t  t o  e r o s i o n ,  though n e t  d isplacements  w e r e  g e n e r a l l y  
P\ 

less than  5 m. May of t h e  p r e s e n t l y  i n s t a l l e d  t r a i n i n g  works 
h 

a r e  composed of  cobble  t o  boulder  s i z e d ,  f l u v i a l l y  de r ived  

m a t e r i a l s  and t h u s  i t s  f a i l u r e  was n o t  unexpected. However 

r e l a t i v e l - y  h igh  q u a l i t y  s h o t  rock (such a s  t h a t  a d j a c e n t  t o  

PF5": 
the* t h l r d  Coldwater Bridge a t  S t a t i o n  2552 feet /778 m) was 

a l s o  observed t o  f a i l ,  l i k e l y  due t o  scour  and u n d e r c ~ t t i n g  of  

non-keyed i n  m a t e r i a l .  

Rates of  e r o s i o n  a t  s i tes where t h e  r i v e r  was conf ined  

by e i t h e r  t h e  v a l l e y  w a l l  o r  t h i c k  d e p o s i t s  of  road f i l l  

m a t e r i a l  w e r e  g e n e r a l l y  smal l ,  be ing  i n  t h e  neighbourhood of 

less than  2 m. Exceptions occur red  j u s t  n o r t h  of  t h e  f i r s t  

Coldwater Bridge ( S t a t i o n  2095 feet /639 m) and aga in  near  the 
>{,6~-  

e x i s t i n g  b r idge  a t  Kingsvale 2 (2877 feet /877 m) . A t  bo th  
4 

sites u n d e r c u t t i n g  r e s u l t e d  i n  t h e  c o l l a p s e  of  the road and 

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

The s t a b i l i t y  of t h e  f l u v i a l  f a n s  t r i b u t a r y  t o  Coldwater 

River  a l s o  deserve  comment. The apex o f  Loss o r  Mine Creek 



h a s  obv ious ly  been  r e a l i g n e d  by Westcoas t  Transmiss ion i n  t h e  

p e r i o d  between P$2 1978 and 1981 and it i s  l i k e l y  t h a t  w i t h o u t  

t h i s  c o n t i n u i n g  maintenance  t h e  channe l  would have l ong  s i n c e  

abandoned i t s  p r e s e n t  convolu ted  c o u r s e .  A s  a r e s u l t  o f  t h e  

December 27 f l o o d ,  J u l i e t  Creek s u b s t a n t i a l l y  aggraded i n  t h e  

r each  downstream o f  t h e  proposed b r i d g e  c r o s s i n g ,  a s  i l l u s t r a t e d  

on P l a t e  2.4.3. I n  t h e  und i s t u rbed  s t a t e ,  such a g g r a d a t i o n  i s  

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

channe l .  Thus b o t h  v e r t i c a l  and l a t e r a l  i n s t a b i l i t y  w i l l  p rove  

t o  be  a problem i n  t h e  v i c i n i t y  o f  t h e  proposed a c c e s s  ramps. 

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

t h e  proposed Brod ie  d i v e r s i o n  ( S t a t i o n  2600 fee t /792  m) was 

n o t  v i s i t e d  a f t e r  t h e  December 27 storm. However h i s t o r i c a l l y ,  
J 

t h i s  c r e e k  h a s  produced s i g n i f i c a n t  q u a n t i t i e s  o f  s i l t  and c l a y  

s i z e d  m a t e r i a l s  from a v a r i e t y  o f  d i s t r i b u t a r y  channe l s .  

Cont inu ing  sed iment  p roduc t i on  can b e  expec t ed  and g iven  t h e  

shape o f  t h e  f a n ,  sediment  a g g r a d a t i o n  w i l l  n o t  be  l o c a l i z e d  

w i t h i n  any  s i n g l e  d i s t r i b u t a r y  channe l .  Most o f  t h e  o t h e r  sma l l  

c r e e k s  d r a i n i n g  i n t o  Coldwater  R iver  w e r e  observed t o  produce 

s u f f i c i e n t  q u a n t i t i e s  o f  runof f  t o  r e s u l t  i n  l o c a l i z e d  f l o o d i n g ,  

t h e  i n f i l l i n g  o f  c u l v e r t s ,  and minor channe l  r e a l i gnmen t s .  



2 .4 .5  Sediment T r a n s p o r t  

Sediment t r a n s p o r t  may be  i n  t h e  form o f  d issoLved sediment ,  

suspended sediment  o r  bed l oad .  S p e c i f i c  measurements o f  these 

pa rame te r s  have n o t  been made f o r  Coldwater  IZiver, however t h e  

w a t e r  q u a l i t y  d a t a  o b t a i n e d  by t h e  p r o v i n c i a l  P o l l u t i o n  Control- 

Board p r o v i d e s  a  rough e s t i m a t e  o f  r e p r e s e n t a t i v e  d i s s o l v e d  

and suspended sediment  t r a n s p o r t  v a l u e s .  These measurements 

a r e  based on e s t i m a t e s  o f  f i l t e r a b l e  and n o n - f i l t e r a b l e  

r e s i d u e s  which approx imate ly  cor respond  t o  d i s s o l v e d  sediment  

and suspended s e d i m e n t , r e s p e c t i v e l y .  The major  u n c e r t a i n t i e s  

i n  t h e s e  v a l u e s  a r e  due t o  t h e  p o s s i b l e  p r e sence  o f  o r g a n i c  

m a t e r i a l  which may cause  a n  o v e r e s t i m a t e  o f  suspended sediment ,  

and t o  t h e  sampl ing t e chn ique ,  whereby i f  t h e  samples were 

t aken  i n  sha l l ow  w a t e r  n e a r  t h e  s h o r e ,  t h e  r e p o r t e d  v a l u e s  

would unde re s t ima t e  t h e  h i g h e r  v a l u e s  o f  suspended sed iment  

which f r e q u e n t l y  o c c u r  i n  mid-channel . 

On t h e  b a s i s  o f  t h e  P o l l u t i o n  C o n t r o l  Board d a t a ,  t h e  

s e a s o n a l  v a r i a t i o n  i n  d i s s o l v e d  sed iment  c o n c e n t r a t i o n  on 

Coldwater  R iver  i s  shown i n  F igu re  2 .4 .3 .  Peak v a l u e s  can  b e  

s e e n  t o  occu r  d u r i n g  t h e  s p r i n g  f r e s h e t  i n  March and A p r i l ,  

and a g a i n  d u r i n g  t h e  f a l l .  Minimum v a l u e s  o c c u r  i n  b o t h  mid- 

w i n t e r  and mid-summer. The s e a s o n a l  v a r i a t i o n  i n  d i s s o l v e d  

sediment  t r a n s p o r t . ( b a s e d  on  Water Survey of  Canada d i s c h a r g e  

measurements a t  Merritt) , i n d i c a t e  a  s i m i l a r  s e a s o n a l  v a r i a b i l i t y  

w i t h  maximum r a t e s  o f  t r a n s p o r t  o c c u r r i n g  i n  t h e  A p r i l ,  May 

and June period. 



The p l o t  o f  d i s s o l v e d  sediment  c o n c e n t r a t i o n  v e r s u s  

d i s c h a r g e ,  shown on F igure  2.4.5, i n d i c a t e s  a  g e n e r a l  dec rea se  

i n  c o n c e n t r a t i o n  occu r s  w i t h  i n c r e a s i n g  f low. F igure  2.4.6 

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

and i n d i c a t e s  a  r e l a t i v e l y  good r e l a t i o n s h i p  e x i s t s  between 

t h e s e  v a r i a b l e s .  The d i s s o l v e d  sediment  v a l u e s  observed 

between September and February  a r e  s i m i l a r  t o  t h o s e  recorded  

d u r i n g  e q u i v a l e n t  d i s c h a r g e s  i n  March through August and t h u s  

t h e r e  i s  no ev idence  f o r  a s e a s o n a l  s h i f t  i n  t h e  r a t i n g  curve .  

The s e a s o n a l  v a r i a t i o n  i n  suspended sediment  c o n c e n t r a t i o n  

i s  shown on F igu re  2.4.7. Maximum c o n c e n t r a t i o n s  aga in  occu r  

d u r i n g  t h e  s p r i n g  and f a l l  and have been 

vaJues  o f  o v e r  700 mg/l. A s  d i s c u s s e d  i n  k o n c e n t r a t i o n  

co~''%.L"aver 80 mg/l a r e  thought  t o  be  harmful  t o  f i s h  and the 

p l o t t e d  d a t a  i n d i s a t e  t h a t  it i s  n o t  uncommon t o  exceed t h i s  
Eoc g w  

t h r e s h o l d .  The s e a s o n a l  v a r i a t i o n  i n  suspended sediment  h 
t r a n s p o r t  i s  shown on F igu re  2.4.8, aga in  based on Water Survey 

o f  Canada d i s c h a r g e  d a t a .  Maximum recorded  t r a n s p o r t  r a t e s  can 

be  s een  t o  occur  i n  t h e  s p r i n g ,  w i t h  minor peaks o c c u r r i n g  i n  

t h e  f a l l .  The maximum recorded  va lue  cor responds  t o  a  t r a n s p o r t  

6  r a t e  o f  4 x  10 kg/day. F igu re  3x 2.4.9 shows suspended sediment  
tA k t  

c o n c e n t r a t i o n  a s  a  f u n c t i o n  of  d i s c h a r g e  and i n d i c a t e s  a  
4 

g e n e r a l  i n c r e a s e  i n  c o n c e n t r a t i o n  o c c u r s  w i t h  i n c r e a s i n g  flow. 

The v a r i a b i l i t y  abou t  t h i s  t r e n d  l i k e l y  r e f l e c t s  t h e  e f f e c t s  

o f '  v a r i a t i o n s  i n  sediment  supply .  



Figure 2.4.10 &raa shows t h e  r e l a t i o n s h i p  between 'd i scharge  

and suspended sediment t r a n s p o r t .  These d a t a  i n d i c a t e  t h a t  

t h e r e  i s  no s i g n i f i c a n t  d i f f e r e n c e  I.n t r a n s p o r t  r a t e s  f o r  

e q u i v a l e n t  d i scharges  occur r ing  i n  t h e  per iods  of  September t o  

February and March ia Augusk. This graph a l laws  a rough es t ima t ion  

of  t h e  amount of  suspended sediment which Coldwater River i s  

a b l e  t o  t r a n s p o r t  a t  va r ious  d ischarge  l e v e l s .  

The a v a i l a b i l i t y  of  suspended sediment dur ing  per iods  of  

high flow was w e l l  i l l u s t r a t e d  by t h e  December 2 7 ,  1980 f lood  

on Coldwater River.  The maximum d a i l y  d ischarge  recorded a t  

Brookmere was over  3,000 c f s  which from Figure 2.4 -10 rough1.y 

6 corresponds t o  a t r a n s p o r t  r a t e  of 5 , 10 kg/day. Surveys 

o f  f looded a r e a s  undertaken a f t e r  t h i s  even t  i n d i c a t e d  t h a t  it 

was n o t  uncommon t o  f i n d  d e p o s i t s  of  sand o f  1 t o  2 f e e t  i n  

depth ove r ly ing  t h e  p re -ex i s t ing  vege ta ted  s u r f a c e ,  a s  i l l u s t r a t e d  

on P l a t e  . 

Measurements of  bed load t r a n s p o r t  a r e  n o t  a v a i l a b l e  f o r  

Coldwater River.  I n  o r d e r  t o  ga in  a rough q u a n t i t a t i v e  i d e a  

o f  t h e  approximate s i z e  of  m a t e r i a l  mobile under a range of 

flow cond i t ions ,  t h e  average c ross - sec t ion  parameters measured 

i n  t h e  v i c i n i t y  o f  t h e  Brodie d ive r s ion ,  S t a t i o n  2600-2620 f e e t  

(792-799 m) shown on Tables 2 . 4 . 2  t o  2 . 4 . 4 ,  have been used t o  

compute maximum mobile g ra in  s i z e s  on the  b a s i s  of t h e  s h i e l d s  

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











Grain s i z e ,  in t e rmedia te  a x i s  ( @  u n i t s )  

-1 -2 - 3 - 4 - 5 -6 -7 -8 -9 

Note: Materal  smal ler  than 2 rnm i s  sand s i z e d  o r  f i n e r .  
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Mean d a i l y  d i s c h a r g e  ( c f s )  

, ?,\.l, Disso lved  sediment  t r a n s p o r t  a s  a f u n c t i o n  of d i s c h a r g e ,  Coldwater 
\ Rive r ,  n e a r  Merritt . 
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Data  l o c a t i o n s  : A Merrit t  
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0 Merritt a t  STP 

S e a s o n a l  v a r i a t i o n  i n  suspended s e d i m e n t  
c o n c e n t r a t i o n ,  Coldwater  R i v e r  n e a r  Mekri t t . 
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6gubc 24-3r  Seasona l  v a r i a t i o n  i n  suspended sed iment  t r a n s p o r t ,  
Coldwater  R ive r ,  n e a r  Merritt .  



1 0  I5 20 30 40 5060 80100 1 5 0  200 3004005006008301000 2000 3000 600 

Mean d a i l y  d i s c h a r g e  ( c f s )  

Data l o c a t i o n s  : a Merrit t  
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S h a d e d  s y m b o l s  - S e p t .  t o  F e b . ,  i n c l .  

S u s p e n d e d  s e d i m e n t  c o n c e n t r a t i o n  p l o t t e d  a g a i n s t  2 . 4 . 4  
discharge for  Coldwater River. 
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Data l o c a t i o n s  : A Ele r r i t t  
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Shaded symbo.1~ - Sep t .  t o  Feb.,  i n c l .  

2 4 t [,J Suspended sediment concen t ra t ion  p l o t t e d  a g a i n s t  
c 1 discharge  f o r  Coldwater River n e a r  M e r r i t t .  
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