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ABSTRACT 

The  construction  of  System  E  would  affect  the  geometry of the 
Fraser  River  to  some  extent.  Most  important  would be the  long  term 
deprivation  of  the  ecologically  important  Fraser  River  Delta  by  as  much 
as  one  quarter of its  present  sediment  nourishment,  in  addition t o  the 
ever-increasing  removal of sediment  by  dredging. A program of reservoir 
sedimentation  evaluation  is  proposed. 

RESUME 

. . .  . .  La  construction du  r6seau E influerait  la  g6omGtrie du fleuve 
Fraser  dans  une  certaine  mesure.  Encore  plus  significatif  serait  la  perte 
d'au  moins unlquart de  l'alimentation  s6dimentaire  de  l'important  delta 
6cologique  du  fleuve  Fraser,  y  compris  l'enlkvement soutenwdes s6diments 
au moyen  de  dragage.  Un  programme  d'gvaluation  de  la  sGdimentation  des 

I 
" 

rgservoirs  est  propos6. 
" 
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RIVER REGIME AND SEDIMENT STUDIES 

1. AUTHORITY 

The 1968  Federal-Provincial   Fraser  River  Flood  Control 

Agreement provided   for  a review of t h e  "System E" upstream  storage 

p ro jec t s   i n   t he   F rase r   R ive r   Bas in .  

The sedimentat ion  s tudy  reported  herein was author ized  by 

the   former   Fraser   River   Jo in t  Program  Committee  and undertaken by 

the  Water Planning and Management Branch,  Department of the  Environ- 

ment, a s   p a r t  o f  that   review.  

2. PURPOSE 'OF THE SEDIMENTATION  STUDY 

The purpose o f  the   sed imenta t ion   s tudy  has been  out l ined 

by the   Fraser   River   Jo in t  Program  Committee i n   t h e  "Terms of Reference 

f o r  Upstream Storage  Studies"  dated  September  1971  and  includes  the 

following tasks: 

i. Review avai lable   sediment   data .  
ii. Review ava i lab le   aer ia l   photography.  

iii. C a r r y   o u t   f i e l d   i n s p e c t i o n s   t o   i d e n t i f y   a r e a s  
of potent ia l   change.  

iv.   Evaluate  techniques  to  measure  change. 
v. Recommend a program t o  measure  change. 

The above l i s t e d   t a s k s   r e f e r   t o   s e d i m e n t a t i o n   i n   r e s e r v o i r s  

and t o   t h e   e f f e c t s   o f   r e s e r v o i r s  on the  streambed economy o f   t h e   r i v e r  

downstream o f   t he  dams and  upstream  of  the  reservoirs.  O f  s p e c i a l  

i n t e r e s t   a r e   t h e   e f f e c t s  on t h e  Lower Fraser   Val ley of t h e   p o s s i b l e  

p a r t i a l   s e d i m e n t   s t a r v a t i o n   t h a t  "System E" may impose  on the   F rase r  

River. 

I t  should  be  noted  that   i tems i ,  ii, iii and i v   a r e   s t e p s  

toward  the  achievement of i t em  v .   This   repor t   p resents   the  work done 

and  recommendations f o r  a program to  evaluate   sedimentat ion  changes 

i n   t h e   r e s e r v o i r s  and t h e   r i v e r s .  
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3. THE AREA 

The reservoirs   covered by the   s tudy  are t h o s e   i n   t h e  

"System E" complex as def ined   in   the   "F ina l   Repor t   o f   the  Fraser 

River Board  on  Flood  Control  and  Hydroelectric Power i n   t h e  Fraser 

River  Basin - V i c t o r i a ,   B r i t i s h  Columbia,  September  1963". 

"System E" i s  well descr ibed   in   the   a forement ioned   repor t .  

Therefore  only a br ief   reminder  i s  ju s t i f i ed   fo r   t he   comple t eness  of  
t h e   p r e s e n t   r e p o r t .  "System E" c o n s i s t s   o f   e i g h t   p r o j e c t s  named and 

loca ted  as fo l lows:   the  Grand Canyon p r o j e c t  on t h e  Upper Fraser 

River ,   the  Lower  McGregor p r o j e c t  on t h e  McGregor River,   the  Cariboo 

Falls p r o j e c t  on the  Cariboo  River,   and  the Clearwater sub-system 

which  includes  the Hobson Lake, Clearwater-Azure, Hemp Creek, Clear- 

water and  Granite Canyon p r o j e c t s .   P l a t e  1 shows the  watersheds  and 

t h e   l o c a t i o n   o f   t h e  "System E" p r o j e c t s .  

The drainage  areas   of  "System E" are a l l  adjacent  t o  each 

o t h e r  and t o t a l  12,395  square miles, comprising  about  15%  of  the 

to t a l   d ra inage   a r ea   o f   t he  Fraser River  above Hope (84,000 square 

miles)  where  the Lower Fraser Valley s tar ts .  

The Lower Fraser River starts a t  Hope and runs for about 

98 r i v e r  miles t o  i t s  d e l t a   i n   t h e   G e o r g i a   S t r a i t .  The Lower Fraser 

River  has a r e l a t ive ly   mi ld   g rad ien t   and   cons i s t s   o f  two reaches,  

e a c h   w i t h   d i s t i n c t   c h a r a c t e r i s t i c s .  The reach  downstream  of  Mission 

i s  s u b j e c t   t o   t i d a l   i n f l u e n c e s ,   h a s  a very f l a t  g rad ien t  and  corres- 

ponding  cross-section.  Upstream  of  Mission,  the  r iver  has a s t e e p e r  

grad ien t   than  i t s  downstream  reach  and is no t   e s tua r ine .  The s t e e p e r  

g r a d i e n t   o f   t h e  Mission-Hope reach i s  associated  with  coarse  bed 

ma te r i a l  and the  sediment  load i s  composed p a r t l y   o f   s u c h  material. 

In   the  Mission-to-sea  reach,   the   r iverbed  consis ts   mainly  of   sands 

and f i n e r  material and so  does  the  sediment   load  of   the  r iver .  

4.  THE GENERAL PROBLEM 

Reservoirs affect  sed imenta t ion   in   th ree   b road  ways. 

F i r s t l y ,   t h e y   c o n s t i t u t e   s t i l l i n g   b a s i n s  where the  absence  of  

appreciable   veloci ty   causes  no  bedload movement through  the 



r e s e r v o i r  and  where the  absence  of  turbulence  cannot  support   the 

sed imen t   en t e r ing   t he   r e se rvo i r   i n   suspens ion ;   t he re fo re   t hey   cause  

deposi t ion.  The sediment  deposits  in  the  upstream end o f   t h e  reser- 
v o i r s   i n   t h e  form  of d e l t a s ,  which  advance  with time. The r e s e r v o i r  

suf fe rs   loss   o f   capac i ty   as   sed iment   depos i t s   occupy  l ive   s torage  

space.  

O f  importance i s  the  fact  t h a t   t h e   r e s e r v o i r   r e t e n t i o n   o f  

sediment  causes  corresponding  reduction  in  the  sediment  load  of  the 

r i v e r .  Depending on i t s  magnitude,  the  reduction  of  the  sediment 

load  of a r i v e r  may affect  the   aqua t i c  economy o f   t h e   r i v e r  and t h i s  

effect  i s  carr ied  out   throughout   the  r ivercourse and a s  far as t h e  

r i v e r   d e l t a   f r o n t .  

Secondly,   the  formation  of  deltas a t  the  upstream end of  

r e se rvo i r s   causes   t he   cu r ren t   t o   s l acken  and t h i s   r e s u l t s   i n   s e d i m e n t  
depos i t ion  which  becomes evident  as a g e n e r a l   r a i s i n g  of t he   r i ve rbed .  

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

thus   the  phenomenon propagates i t se l f  u n t i l  a r a the r   s t eep   r each   o f  

t h e   r i v e r   a r r e s t s   t h e  advancement.  Thus,  depe,nding on the   va l l ey ,  

f loods may occur,   inundating  lands  which were safe p r i o r   t o   t h e  

cons t ruc t ion   of   the   reservoi r .  

Thi rd ly ,   the   in t roduct ion  o f  t he   r e se rvo i r   s to rage   mod i f i e s  

the  f low  of   the  r iver   downstream  of   the dam, reducing  the  peaks  and 

augmenting  the low discharges  of  the  pre-dam  conditions.   Usually  the 

low f l o w s   i n   t h e   n a t u r a l   r i v e r  are n o t   s i g n i f i c a n t   t o   t h e   s e d i m e n t a -  

t i on   p rocesses ,  however, the  reservoir-augmented  f lows may be  substan- 

t i a l  enough t o  affect  sedimentation.  Moreover,  the waters flowing 

p a s t   t h e   r e s e r v o i r  are sediment free and  thus  they  can  only  cause 

e ros ion   s ince   they  do not  possess  sediment  loads  from  which  to  deposit. 

Degradation  of  the  r iverbed i s  mainly f e l t  immediately  downstream  of 

t h e  dam and  before   the first control   point ,   which  consis ts   of  non- 

e rod ib le   po in t s  o r  s t r e t c h e s   o f   t h e   r i v e r ,   s u c h  as bedrock  outcrops 

and reaches  through  heavy  rock  accumulation.  Thereafter,  degradation 

occurs a t  diminishing rates between  successive  control   points .  



-4-  

These phenomena commence immediately a f t e r  the   i n t roduc t ion  

o f   t he   r e se rvo i r   i n to   t he   wa te rcour se  and  cont inue  unt i l  a new regime 

i s  e s t ab l i shed .  The t r a n s i t i o n a l   p e r i o d  i s  r a the r   l ong ,  however, 

most o f   t h e   e f f e c t s  are f e l t  during  the f irst  two o r  three   years  

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

Those effects must  be pred ic ted   wi th  some good degree  of 
accu racy   p r io r   t o   t he   cons t ruc t ion   o f   r e se rvo i r s ,  and  once  the  project  

i s  implemented the  changes  should  be  monitored  and  assessed so  correc-  

t i v e  measures  can  be  taken  and  knowledge  can  be  gained f o r   a p p l i c a t i o n  

i n   f u t u r e   d e s i g n s .  

5. APPROACHES TO SOLUTION 

Sedimentation i s  part  of  mobile  boundary  hydraulics  which 

i s  somewhat less   than   an   inexac t   sc ience .  The avai lable   " theory" 
appl ies   mos t ly   to   cana ls  and cana l ized   r ivers   running  on  beds  and 

banks  consis t ing of  ma te r i a l  similar t o   t h e   m a t e r i a l   c o m p r i s i n g   t h e i r  

sediment  load. The r i v e r s  of  System E are v e r y   d i f f e r e n t  from those  

which  can  be  analyzed by t h e   a v a i l a b l e   t h e o r i e s ,   t h e r e f o r e   t h e   s u b j e c t  

cannot  be  approached  from  the  theoretical   standpoint.  

Since  the  problem  cannot  be  approached  theoretically,  i t  

must be   dea l t   wi th  on t h e   b a s i s   o f  measurements  of  pertaining  quan- 

t i t i e s ,  es tab l i shment   o f   cor re la t ions  and r e l a t i o n s h i p s  and i n t e l l i -  

gent   ex t rapola t ion   of   deduct ions   to  assess the   pos t -pro jec t   condi t ions ,  

and t h a t  is the  essence  of   the  Commit tee 's   d i rect ions.  

Unfortunately,   the   data   avai lable   on  System E r i v e r s  are 
r a t h e r   s p a r s e ,  as ind ica t ed  by t h e  l i s t  in   t he   fo l lowing   chap te r .  

However,  on the   bas i s   o f   t h i s   i n fo rma t ion   and   o the r   r e l a t ed  knowledge, 

p red ic t ions   o f   t he  effects o f  System E are made and a program t o  

measure  change  has  been  assembled  and  presented  herein.  Since  the 

present   s tudy  i s  pre l iminary   in   scope ,   s ince  more d a t a  w i l l  be   ava i l -  

a b l e   f o r   t h e   f i n a l   d e s i g n ,  and since  the  proposed  program i s  e a s i l y  

amendable t o  ref lect  b e t t e r   u n d e r s t a n d i n g   o f   t h e   s i t u a t i o n ,  it is  

deemed tha t   t he   p re sen t  work i s  s a t i s f a c t o r y   t o   t h e   n e e d s  a t  this  

s t a g e . o f   t h e   s t u d y  o f  System E.  
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6. SEDIMENT  MEASUREMENTS AND OTHER INFORMATION 
U T I L I Z E D  I N  THE PRESENT  STUDY 

The most upstream  sediment   measuring  s ta t ions  in   the Fraser 

River are the  Hansard  s ta t ion,   which commenced opera t ion   in   1972,  and 

the  Margueri te   s ta t ion  which was e s t a b l i s h e d   i n   1 9 7 1 .   I n   t h e  Lower 

Fraser Val ley   there   a re   the  Hope, Agassiz,  Mission  and  Port Mann 

s t a t i o n s .  The Hope s t a t i o n  and t h e   P o r t  Mann s ta t ion   have   been   in  

operation  since  June  1965. The Agassiz   s ta t ion  has   operated con- 

t inuously  since  June  1966 and the   Miss ion   s ta t ion   s ince  May 1965. 

Only  suspended  sediment i s  co l l ec t ed  a t  t h e  Hope s t a t ion ,   wh i l e   bo th  

suspended  and  bed  sediment  loads are measured a t  the  Agassiz,   Mission 
and Port  Mann s t a t i o n s .  These s t a t i o n s  are shown on Plate 2. 

Although  the  aforementioned  sediment  stations  have  been  in 

opera t ion   for   re la t ive ly   shor t   per iods ,   they   have   produced  a f a i r  

picture   of   sediment   t ransport  by t h e  Fraser R i v e r ,   e s p e c i a l l y   i n   t h e  

Lower Fraser Valley. The def ic iency arises mainly  f rom  the  spars i ty  

o f   s t a t i o n s  above Hope. 

In  1972, Water Survey  of Canada carr ied  out   e ight   samplings 

of  suspended  sediment i n   t he   C lea rwa te r   R ive r  a t  Clearwater, e s p e c i a l l y  

for   the   purpose  of the  present  study.  Moreover,  two series of  "grab- 

samples" were taken  in   June  and August  1972 a t  s e l e c t e d   p o i n t s   i n   t h e  

r i v e r s   o f  System E to   ob ta in   an   i nd ica t ion   o f   s ed imen t  s ize ,  cons i s t -  

ency  and  concentration a t  t h e   l o c a t i o n s   t e s t e d .  Those  samples  served 

o n l y   t o  complement t h e   v i s u a l   i n s p e c t i o n s   o f   t h e   r i v e r s  and  have  no 

o t h e r   v a l u e ;   t h e r e f o r e   t h e   r e s u l t s   o f   t h e i r   a n a l y s e s  are not   included 

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

O f  great   importance are t h e  water d ischarge   da ta  and t h e r e  

are q u i t e  a few measurement s t a t i o n s   i n   t h e  System E r i v e r s .  A l i s t  

o f   t he  water measur ing   s ta t ions ,   a long   wi th   the   l ength   o f   the i r   records ,  

i s  as follows: 

i. Clearwater River   near   Clearwater   Stat ion,  

ii. Clearwater River a t  ou t l e t   C lea rwa te r  Lake, 
1914-1928  and  1950 t o   p r e s e n t .  

1954 t o   p r e s e n t .  

1960 t o   p r e s e n t .  
iii. Clearwater  River a t  o u t l e t  Hobson Lake, 



i v .  

V. 

v i .  

v i i .  

v i i i .  
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Cariboo  River  near  Keithley  Creek, 
1961 t o   p r e s e n t .  
Bowron River  near  Hansard, 
1954 t o   p r e s e n t .  
Fraser River a t  Hansard, 
1954 t o   p r e s e n t .  
McGregor River a t  Lower  Canyon nea r  Upper Fraser, 
1960 t o   p r e s e n t .  
Fraser River a t  Hope, 
1912 t o   p r e s e n t .  

There are a few more water discharge  measuring  s ta t ions on 

t h e  Fraser River and i t s  t r i b u t a r i e s ,  however t h e  most  important t o  

the   p re sen t   s tudy  are the   ones   l i s ted   above .  

Review of e x i s t i n g  aerial  photography i s  of  no s i g n i f i c a n t  

va lue   t o   t he   p re sen t   s tudy .  I t  i s  high  level  photography  and  although 

i n d i c a t i o n s  on the   s ed imen t   cha rac t e r i s t i c s   o f   t he   r i ve r s   can   be  

obtained it cannot   provide  the  specif ic   information  required  for   the 
eva lua t ion  of the  sediment   problems  re la ted  to   System E planning. 

Three   i n spec t ion   t r i p s   have   been   ca r r i ed   ou t   t o   p rov ide  

f i r s t - h a n d  knowledge o f   t h e   r i v e r s  and the i r   s ed imen ta t ion   cha rac t e r -  

i s t ics  and to   he lp   i n   p l ann ing   fo r   s ed imen t   da t a   co l l ec t ion .  

7. ASSESSMENT OF SEDIMENTATION 

After considerat ion  of   the  exis t ing  data   under   the  knowledge 

acquired by i n s p e c t i o n   o f   t h e   r i v e r s   o f  System E ,  t h e   s i t u a t i o n   a p p e a r s  

as follows : 

i. The Clearwater Sub-system 

The ClearwRter   sub-sys tem  cons is t s   o f   the   fo l lowing   reservoi rs :  

Hobson Lake,  Clearwater-Azure  and Hemp Creek  and the  following  run-of- 

the-river  hydropowerplants;   Granite Canyon and  Clearwater. The drainage 

area o f  Hemp Creek,  the  most  downstream  of  the  three  reservoirs,  i s  

about  3,840  square miles o r  about  4.6%  of  Fraser  River  drainage area 

a t  Hope which is about  84,000  square miles. 

The  mean f low  pas t   the  Hemp Creek  damsite i s  7,950 cfs, 

represent ing  about   8 .3%  of   the mean flow at  Hope which i s  95,800 cfs. 

The flow  through  the  Clearwater  sub-system  of  damsites,   in  the  present 
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undammed s ta te ,  passes   through  natural   lakes   which  act  as s t i l l i n g  

basins   extract ing  the  sediment .   Thus,   there  i s  no  appreciable 

amount of  sediment t o  be  entrapped by man-made r e s e r v o i r s   i n   t h e  

Clearwater  sub-system. 

Although  there   are  no r e l i ab le   va lues   o f   t he   p re sen t   day  

sediment   load  past   the  Hemp Creek s i t e ,  a rough estimate i s  t h a t  i t  

i s  i n   t h e   o r d e r   o f  1% of   the   to ta l   annual   sed iment   d i scharge  a t  Hope, 

which,   natural ly ,  i s  much less than   the  water d i s c h a r g e   r a t i o   o f   t h e  

two loca t ions .  The name "Clearwater" depicts  sediment  conditions  of 

t h e   r i v e r  and the   e f f ec t   o f   t he   C lea rwa te r  dams on t h e  Thompson and 

Fraser Rivers w i l l  b e   r a t h e r   i n s i g n i f i c a n t .  

ii. The McGregor 

The McGregor s i t e ,  i f  developed f o r   d i v e r s i o n ,  is bound t o  

have  consequences  both  within  the Fraser watershed  and  the Peace River 

watershed.   Although  the  effects   of   the   divers ion on the   Pa r sn ip  

River   va l ley  w i l l  be q u i t e   s i g n i f i c a n t   t h e y  are not  examined  here 

s i n c e   t h e   p r e s e n t   r e p o r t  i s  l i m i t e d   t o   t h e  Fraser River  drainage. I t  

i s  considered,  however,   that   an  extensive  study is necessary   to   eva lu-  

ate the  effects  o f   d ive r s ion  on the   Parsn ip   River   va l ley .  

The  McGregor River a t  the  damsite  drains  about  1,840  square 

miles l y i n g   i n   t h e   n o r t h e r n m o s t   p a r t   o f   t h e  Fraser drainage.  This 

makes it a l i t t l e  more than 2% o f   t he  Fraser drainage a t  Hope.  The 

mean outflow  from  the McGregor River is about  8,750 cfs ,  r ep resen t ing  

about 9.1% o f   t he  mean f low  of   the  Fraser River a t  Hope. 

The c o n t r i b u t i o n   o f   t h e  McGregor River   to   the   sed iment   load  

of   the  Fraser River  has  not  been  determined  by  field  measurements; 

however, f ie ld   observa t ions ,   cons idera t ion   of   the   d ra inage  area, and 

the  water  balance  allow  an  estimate  of  the  sediment  discharge.   Accord- 

ing ly ,   the   sed iment   y ie ld   o f   the  McGregor River i s  taken as b e i n g   i n  

the   o rder   o f   10%  of   tha t   o f   the   Fraser  a t  Hope and t h a t  is assumed t o  

be the   reduct ion   of   the  Fraser sediment  load  due t o  damming t h e  

McGregor River. 



- 8- 

Development  of t he  McGregor s i t e  without   divers ion would not  

a l t e r  apprec i ab ly   t he   s i t ua t ion   i n so fa r  as t h e  Fraser drainage is con- 

cerned. The only   d i f fe rence  it would make would be f e l t  i n   t h e   s h o r t  

s t r e t c h  of t h e  McGregor River  between  the  damsite  and i t s  confluence 

with  the Fraser River and will r e s u l t  f rom  the   d i f fe rence   in   f lows ,  

through  that  reach,  between  diversion  and  non-diversion  development. 

iii. Grand  Canyon Reservoir 

The damsite  of  the Grand  Canyon r e s e r v o i r  i s  on t h e  main 

stem  of  the  Fraser  River,   just   upstream  of  Hansard  and  upstream  of 

, t h e  mouth of   the McGregor River. As such, it bears  more s ign i f i cance  

on the  sediment  regime  of  the Fraser River   than   the   o ther   reservoi rs  

of  System E ,  cons idered   ind iv idua l ly  or c o l l e c t i v e l y .  

The Grand  Canyon dam will block a drainage area of  about 

5,550 square miles which represents   about   6 .6%  of   the Fraser drainage 
area a t  Hope.  The  mean f low  pas t   the  Grand  Canyon damsite i s  about 

17,300 cfs which  represents  about  18%  of  the mean Fraser River   discharge 

a t  Hope. 

The sediment  discharge  past   Hansard  in 1972 was over 

4,600,000  tons  while a t  Hope it was 32,081,000  tons;   therefore  the 

Hansard  sediment  discharge was 14 .4%  of   tha t  a t  Hope. 

The Marguer i te   s ta t ion  i s  the   nex t  downstream  sediment meas- 

u r i n g   s t a t i o n  and d ra ins  an area of  approximately  38,500  square miles 
represent ing  a l i t t l e  over 47% of the  drainage area a t  Hope.  The 1972 

da ta   fo r   t he   Margue r i t e   s t a t ion   i nd ica t e   t ha t   t he   t o t a l   s ed imen t   l oad  

of   the Fraser a t  Marguerite i s  i n   t h e   o r d e r   o f  51% of t h a t   o f   t h e  

Fraser   River  a t  Hope. 

I n  view  of  the  above  and  visual  inspections of  t h e  areas 
involved, it i s  e s t ima ted   t ha t   t he   t o t a l   s ed imen t   l oad   o f   t he  Fraser 

a t  the  Grand  Canyon damsite i s  about  15%  of  that   of  the Fraser River 

a t  Hope. 
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iv.   Cariboo Falls Reservoir 

The Cariboo Falls damsite i s  loca ted   nea r   t he   ou t l e t   o f  

Cariboo Lake. The l a k e   a c t s  as a s t i l l i n g   b a s i n  and t h e r e f o r e   t h e  

outflow i s  ra ther   f ree   o f   sed iment .  

Although  there  are no sediment  measurements  near  the  Cariboo 

Falls damsite,  it can  be  assumed t h a t   t h e  Quesnel  River  contribution 

to   the  sediment   load  of   the  Fraser  i s  r a t h e r   i n s i g n i f i c a n t .  Conse- 

quent ly ,   the   cons t ruc t ion   of   the   reservoi r   cannot   be   expec ted   to   have  

any serious  consequences  on  the  sediment  regime  of  the  Fraser. 

v. The Fraser  River Upstream of Hope 

The construction  of  System E r e s e r v o i r s  w i l l  a f f e c t  the 

sediment  regime  of  the  Fraser  River  from  beyond  the  upstream  end  of 

t h e  Grand Canyon r e s e r v o i r   t o   t h e   d e l t a   f r o n t   i n   t h e   S t r a i t   o f   G e o r g i a .  

These e f f e c t s  w i l l  r e s u l t  from the  depr iva t ion  of sediment  introduced 

by t h e   r e s e r v o i r s  and  from the  changed d i s t r i b u t i o n  of t h e  water d i s -  

charge  over   the  year .  

The f i r s t   e f f e c t   t o  be f e l t  will be  the  degradat ion of t h e  

r iverbed  downstream o f   t he  Grand  Canyon dam. The degradat ion i s  

a r r e s t e d  by cont ro l   po in ts   which ,   in   th i s   case ,   cons is t   o f   non-erodib le  

a reas   o f   t he   r i ve rbed  and banks. 

Although  there  are no de ta i l ed   su rveys ,  it appea r s   t ha t   t he  

f i r s t   c o n t r o l   p o i n t  downstream of   the  Grand Canyon damsite i s  Giscome, 

and t h e r e f o r e  it i s  expec ted   t ha t   t he  most severe   degrada t ion   of   the  

r iverbed  will occur   i n   t he   r each   o f   t he   r i ve r  between t h e  dam and 

Giscome.  Undoubtedly,  beyond Giscome there   a re   many.cont ro1   po in ts  

and the   regula t ion   of   f lows  and  sediment  discharge i s  bound t o   c a u s e  

fu r the r   deg rada t ion   o f   t he   r i ve rbed  between  such  control  points.  

v i .  Fraser River from Hope t o  Sand Heads 

The retent ion  of   sediment  by t h e  System E r e s e r v o i r s  and 

the  modification  of  the  hydrograph, which is t h e  main purpose  of 

System E,  could   have   s ign i f icant   e f fec ts  on the  sediment  regime  of 

th i s   reach   of   the   Fraser   River .  
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O f  p a r t i c u l a r   i n t e r e s t  i s  the   Chi l l iwhack   s t re tch   o f   the  Lower 

Fraser  due to   t he   p re sen t   de l i ca t e   ba l ance   o f   cond i t ions  and the  nature.  

o f  these   condi t ions .  The r ive r   g rad ien t   changes   i n   t h i s  area from the  

, r e l a t i v e l y   s t e e p   g r a d i e n t   o f   t h e   r e a c h  between Hope and  Chilliwack t o  
the   mi ld   g rad ien t   o f   t he   r i ve r  downstream of  Chill iwack. Thus, i n   t h i s  

area, the  r iverbed  consis ts   mainly  of   gravel   brought  down by the  energy 

a s soc ia t ed   w i th   t he   s t eep   g rad ien t  o f  t h e   r i v e r .  Downstream of t h i s   r e a c h ,  

the   bed   and   the 'banks   cons is t   o f   mater ia l   in   the   sand   range   and   the  

sed iment   load   of   the   r iver  i s  a l s o   i n   t h e   s a n d   r a n g e  which  can be   t r ans -  

ported  with  the  energy  associated  with  the  mild river g rad ien t .  

S ince   the   g rave l   cannot   be   t ranspor ted   th rough  th i s   reach ,  i t  

depos i t s   t he re  and  undergoes a process  of  grinding.  In  the  judgement of 

t h e   w r i t e r   s i g n i f i c a n t   g r i n d i n g   o c c u r s  when average  flows  are  reached. 

Sand i s  produced  and i s  t ransported  through  the  next   reach of t h e   r i v e r  

t o   t h e   r i v e r   d e l t a .  Measurable  gravel  motion commences  when t h e   r i s i n g  

s t a g e  of the  hydrograph  approaches  the 250,000 cfs range  and  ceases when 

the   descending   leg  of the  hydrograph i s  somewhat h i g h e r   t h a n   t h a t ,  

r e f e r r ing   t o   Agass i z .   Dur ing   t h i s   pe r iod ,   na tu ra l ly ,   g r ind ing   r eaches  

i t s  h i g h e s t   i n t e n s i t y .  I t  should  be  noted however t h a t   t h e  rate of 
inc rease   i n   t he   g r ind ing   p rocess   subs ides  beyond c e r t a i n   v e l o c i t i e s .  

I f  System E i s  implemented,  the  discharge will be  modified  and 

f lows  capable   of   inducing  the  gr inding  process  would  be a v a i l a b l e  for a 
longer   percentage of  time than a t  p re sen t .  O f  course ,   the   p resent  day 

peaks  which  induce the  most i n t ens ive   g r ind ing  would  be  reduced;  however, 

i n   t h e  judgement o f   t he   wr i t e r ,   i n   t he   pos t -Sys t em E per iod  more gravel  

gr inding  would occur   in   the  Chi l l iwack  area.  If. it i s  assumed t h a t   p r e s e n t  

condi t ions   a re   ba lanced ,  i . e .   t h a t  as much sediment  goes  out  of  the  reach 

as en te r s   t he   r each ,   t hen   ove r  some unspec i f i ed   pe r iod   o f   t ime   i n   t he  

post-System E period,  and until s t a b l e   c o n d i t i o n s   a r e   r e - e s t a b l i s h e d ,  

more sediment  would ex i t   than   en ter .   Consequent ly ,   the .bed  would erode 
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and the   mi ld   r iver   g rad ien t  would tend  to   extend  upstream.  Since 

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

between Hope and  Chilliwack  would  tend t o  become s t eepe r ,   t he reby  

acce lera t ing   the   p rocess ing   of   incoming  grave l   in to   sand .  The  magni- 

t ude   o f   t he   g rad ien t   sh i f t   c anno t   be   p red ic t ed  a t  t h i s  time; however, 

t h i s   s h i f t  would cause eros ion   in   the   Chi l l iwack-Kent  areas and   fur ther  

ups t ream,   t aper ing   of f  a t  Hope. This   p rocess ,  i f  anything, would i n -  

c rease   the   g rave l   beds   in   the  area because  the most  downstream loca t ion  

o f  gravel  a t  present   would  not   be  great ly   affected.  I t  should  be 

emphasized t h a t   t h e  change i n   g r a d i e n t  a t  p re sen t   and   i n   t he   fu tu re  

would be gradual   over   the  reach.  

The above comments a p p l y   t o   r e g u l a t i o n   o f   t h e   r i v e r   w i t h o u t  

any add i t iona l   d ive r s ion .   In   t he   even t   o f   d ive r s ion   o f   t he  McGregor 

River   the t o t a l  flow would be  reduced  and  therefore   the  total   energy 

ava i l ab le   fo r   g r ind ing  would also  be  reduced. Due t o   t h e   l a c k   o f   i n f o r -  

mation  the effect  of   this   reduct ion  cannot   be  determined a t  t h i s  time. 

The e f f ec t   o f   Sys t em E on the   l owes t   pa r t   o f   t he  Fraser, 

t h a t  i s  downstream of  Mission, i s  deemed to   be   on ly   marg ina l  and will 

occur   s lowly  s ince  the  reach i s  t i d a l  and the   dominant   t ida l   in f luences  

will cont inue  in   the  presence  of   System E.  
I 
8. 
8 
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v i i .  The Fraser  River  Delta 

The sediment   t ransported by the  Fraser   River   through i t s  

mouth on the   Georg ia   S t r a i t  i s  mostly  deposited on t h e   . t i d a l  f l a t s  

and t h e   d e l t a   f r o n t .  The res t  i s  deposited  beyond  the  delta  and i s  

l o s t  as f a r  as t h e   d e l t a  i s  concerned.  Although  there i s  no q u a n t i t a t i v e  

assessment  of  the amount o f  sediment  deposited beyond t h e   d e l t a  it can 

b e   s a f e l y  assumed t h a t   t h i s  amount i s  r a t h e r  small. 

Thus, most of   the  sediment   load  of   the  Fraser   River  

a r r i v e s  at i t s  mouth. L i t t o r a l   c u r r e n t s  lift and  t ransport   sediment ,  

bu t   th i s   t ranspor t   can   be   v iewed as being  rearrangement  of  sediment 

i n   t h e   d e l t a   w i t h .  some sediment, o f  course,   being  transported  beyond 

and o u t s i d e   t h e   d e l t a .  However, the   p resent   ba lance  i s  such   t ha t   t he  

d e l t a   f r o n t   a d v a n c e s   i n t o   t h e   S t r a i t  o f  Georgia.  According t o  Mathews 
and  Shepard-, 1/ on the   aggrega te ,   the  de l ta  f r o n t  i s  now advancing at 

the   average   ra te   o f  74 f e e t  a yea r .  

The depr iva t ion   of   the   Fraser   o f  some o f  i t s  sediment,  due 

t o  sediment   re tent ion by t h e  System E r e s e r v o i r s ,  will be  manifested 

in   t he   de l t a .   Th i s   dep r iva t ion   has   been   e s t ima ted   he re in   t o   be  i n  
the   o rde r   o f  one q u a r t e r   o f   t h e   t o t a l   p r e s e n t  day  sediment  load  carried 

by the  Fraser River a t  Hope. 

Sediment sh i f t i ng   occu r s   a long  and  beyond t h e   d e l t a   f r o n t  

due t o   l i t t o r a l   c u r r e n t s  and other   causes .   This   process  will remain 

general ly   unaffected  by  the  reduced  sediment   nourishment   of   the   del ta .  

Therefore   the  reduct ion  in   the amount of sediment i s  brought t o   ' t h e   d e l t a  by 

- 1/ "Sedimentation  of Fraser River Delta, B r i t i s h  Columbia"  by F.P. Shepard 
and W.H. Mathews - Bul l e t in   o f   t he  American Association  of  Petroleum 
Geologists , August 1962. 
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t h e   r i v e r ,   f o r  a l l  p rac t i ca l   pu rposes  w i l l  cause a r e d u c t i o n   i n   t h e  

advancement  of  the  delta.   That is ,  i t  is  expected  that   the   advance 

o f   t h e   d e l t a   f r o n t  w i l l  be   a f fec ted  by the   to ta l   sed iment   load  

reduction  imposed by  System E .  This  has  been  estimated as being 

about 25% o f   t he  mean annual  sediment  load  of some 20-22 mi l l i on  

tons   pe r  annum. Although  exact  f igures are no t   ava i l ab le ,  i t  is  

e x p e c t e d   t h a t   t h e   d e l t a   f r o n t  will cont inue  to   advance a t  a s'lower 

ra te  than   the   p resent  i f  System E i s  implemented.  This  retardation 

of   the  del ta   advance may have  ecological  and  other  consequences.  

8. THE PERIOD OF ADJUSTMENT 

The occurrence  and  the  durat ion  of   the effects of  System E 

on sedimentation are o f   i n t e r e s t   i n   t h e   p r e s e n t   s t u d y .  Some sedimenta- 

t i o n  phenomena occur   qu ick ly ,   o thers   occur   s lowly ,  some l e a d   t o  a new 

permanent  regime,  and some o t h e r s  are o f  a cumulat ive  nature .  

In   gene ra l ,   e ros ion   e f f ec t s   occu r   r ap id ly   i n   r e sponse   t o  

causes ,   o r  a t  least  t h e   b u l k   o f   t h e   e f f e c t s   r e s u l t   q u i c k l y   a n d   t h e r e -  

a f t e r  the  effects are f e l t  a t  a rap id ly   d iminish ing  .rate. 

Degradation  of  the  riverbed  downstream  of a newly e r e c t e d  

dam occur s   ve ry   r ap id ly .   In   t he  case o f  System E t h i s  w i l l  probably 

occur   during  the first f ive   t o   t en   yea r s ,   depend ing   on   t he   r e l eases ,  

t h e  s ize  o f   t h e   n a t u r a l   f r e s h e t s  and the   d i s tance   f rom  the  dam. 

Aggradat ion  of   r iverbeds  upstream  of   the  reservoirs   occurs  

a t  a slower r a t e  than  degradat ion  s ince i t  depends  not  only  on  the 

l eve l   o f   t he   r e se rvo i r  and t h e  drawdown p a t t e r n   b u t  on t h e  amount of 

incoming  sediment.  In a sense i t  i s  an  ongoing  process  which  can 

s top   on ly  when the  r iver   can  carry  the  incoming  sediment   through  the 

reach. 

The e f fec ts   o f   Sys tem E on t h e  Lower Fraser River are 

expected  to   be f e l t  r a the r   s lowly ,   e spec ia l ly   t he   change   i n   t he  

gradient  between  Chilliwack  and Hope.  The per iod  of   adjustment   to  

a new s t e e p e r   g r a d i e n t  is expec ted   t o   be   i n   t he   o rde r   o f  two  decades. 

The d e l t a   f r o n t  w i l l  experience a permanent  change i n   t h e  

ra te  o f  i t s  advancement  and t h i s  change will o c c u r   i n  a matter of 
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f i v e   t o   t e n   y e a r s   a f t e r   c o n s t r u c t i o n   o f  System E.  The delay i s  

due t o   t h e  fact  t h a t   i n   t h e  first years  of  operation  of  System E ,  

the   sediment   load.   of   the   r iver  a t  i t s  mouth could  remain  unaffected, 

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

because  of  erosion  downstream  of  the dams which,  during  the f i r s t  

yea r s ,  will be a t  i t s  maximum. 

9. THE PROGRAM TO MEASURE CHANGE 

In   accordance  with  the  previous  evaluat ion  of   the  sedi-  

men ta t ion   a spec t s   r e l a t ed   t o  System E ,  the  following  program  to 

measure  anticipated  change i s  hereby recommended. 

A. Immediate  Future  Program 

This   par t   of   the   program i s  recommended for  implementation 

p r i o r  t o  the  construct ion  of   System E .  I ndeed ,   t h i s   pa r t   o f   t he  

program refers t o   c o n s t r u c t i o n   o f  what i s  presently  being  done i n  
a n t i c i p a t i o n  of implementation o f  System E.  I t  concerns  col lect ion 

o f   da t a  and  accumulation  of  knowledge t o  b e   u s e d   i n   t h e   d e t a i l e d  

design  of  System E .  

First, the  Marguerite  and  the  Hansard  sediment  measuring 

s ta t ions   should   be   kept   in   opera t ion .   These   s ta t ions  w i l l  provide 

t h e  minimum requi red   sed iment   in format ion   for   the   des ign  of System E 

Secondly ,   reconnaissance   o f   the   r ivers  a t  high  and low 

waters   should  cont inue  to   a l low  personnel   to   develop  the  understand-  

ing   o f   t he   r i ve r   p rocesses   necessa ry   i n   s ed imen ta t ion   s tud ie s   o f  

pro jec ts   such  as System E.  

Since  sediment  data are sparse  and  the  aforementioned 

program i s  r a t h e r   l i m i t e d ,  it would  lie v e r y   d e s i r a b l e   t o   i n s t i t u t e  

more sed iment   measur ing   s ta t ions   in   the  Fraser River  and i t s  t r i b u -  

taries.  However, a t  t h e   p r e s e n t  time such   s ta t ions   cannot   be   jus t i -  

f i e d   s o l e l y  on t h e   b a s i s   o f  System E s t u d i e s .  Most l i k e l y   l o c a t i o n s  

o f   a d d i t i o n a l   s t a t i o n s  .are: Fraser River a t  Quesnel  and  Lytton; 

Nechako River  above  Prince  George;  and  Chilcotin  River  before i t s  
confluence  with  the Fraser. These are mentioned  only as an 

I 
1 
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a d d i t i o n a l   j u s t i f i c a t i o n   i n   c a s e   c o n s i d e r a t i o n  i s  given  to   improving 

the  exis t ing  program of  da t a   co l l ec t ion   i n   t he   F rase r   R ive r   Bas in .  

B. Program t o  Commence with  the  Operation  of  System E 

The eva lua t ion  of the effects o f  dams on the  sediment  regime 

is done  by surveys  of  aggradation  and  degradation on the  watercourse.  

T r a d i t i o n a l l y ,   s u r v e y   l i n e s  are e s t a b l i s h e d  and  permanent ly   ident i f ied 

f o r   r e p e t i t i o n   o f   s u r v e y s   t o   a s s e s s   t h e  change  which  occurred i n   t h e  

i n t e r v a l  of  successive  surveys.  The por t ions   o f   the   l ines   above   water  

are surveyed by conventional  land  survey  methods  and  the  underwater 

p o r t i o n s  are sounded  by  echo  sounders.  Such  survey  lines are usua l ly  

r e f e r r e d   t o  as "ranges". 

This  approach  has  been  adopted  here  and  "ranges"  have  been 

s e l e c t e d   i n  a l l  t he   a r eas  which are most l i k e l y   t o  be   a f fec ted  by 

sedimentation. Plates 3,  4,  and 5 show t h e   r a n g e s   i n   t h e   r e s e r v o i r s ,  

downstream  of  the dams,  and  upstream  of  the  reservoirs,  as descr ibed 

i n   t h e   f o l l o w i n g .  

However, the  advent   of   the  HYDAC-100 SYSTEM a l lows   depar ture  

from t h e   t r a d i t i o n a l  way o f  sounding  the  underwater  portion of t h e  

ranges. The HYDAC-100  SYSTEM has  been  recently  developed  and  tested 

w i t h   p a r t i c i p a t i o n  of  t h e  Water Survey  of  Canada  and  consists  of a 

p a i r   o f   t e l u r o m e t e r s  mounted  on a boa t   and   e lec t ronica l ly   connec ted  

t o  echo  sounding  equipment. The b o a t   t r a v e l s   t h e  area t o  be  surveyed 

i n  a sweeping  fashion  and  the  telurometers  provide  the  co0rdinate.s  of 

p o i n t s   f o r  which  sounding  depths are recorded  automatically.  Thus, 

i n s t e a d   o f   l i n e s ,   e n t i r e  areas are surveyed  with  great  precision  and 

i n  a very   shor t   t ime.  The d a t a   c o l l e c t e d  are t h e n   e l e c t r o n i c a l l y  

processed   to   p rovide  a de ta i l ed   con tour  map of   the  surveyed area. 

In   the  case of  the  System E projects ,   the   magni tude of 

t h e  work involved   ind ica tes   tha t   se r ious   cons idera t ion   should   be  

g iven   t o   t he   h ighe r   qua l i t y  and e f f i c i ency   o f   su rveys  and t o   t h e  

cost  savings  which  cou'ld  be  realized  through  the  use  of a HYDAC-100 

SYSTEM. Only  the  above water pa r t   o f   t he   r anges   r ema ins   t o   be  

surveyed  manually  while  the  whole  underwater  area  between  the 

ind ica ted   ranges  would  be HYDAC surveyed. 
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The program recommended covers areas suscept ib le   to   change  

i n  a l l  but   the   Clearwater   sub-system  reservoirs ,  as follows: 

i. 

ii. 

iii. 

Riverbed  Degradation Downstream of  Reservoirs 

The Clearwater  sub-system  nothing 

The  McGregor Dam ( P l a t e  3 )  2 ranges 

The Grand Canyon Dam (P la t e  4) 8 ranges 

The Cariboo Falls Dam (Plate 5)  nothing 

Reservoir  Sedimentation 

The Clearwater  sub-system  nothing 

The  McGregor Dam ( P l a t e  3) 15  ranges 

The Grand Canyon Reservoir   (Plate  4) 17  ranges 

The Cariboo Fa l l s  Reservoir   (Plate  5) 4 ranges 

Riverbed  Aggradation  Upstream  of  Reservoirs 

The Clearwater sub-system  nothing 

The McGregor Dam ( P l a t e  3 )  9 ranges 

The Grand Canyon Reservoi r   (P la te  4) 11 ranges 

The Cariboo Falls Reservoir   (Plate   5)  2 ranges 

The program  outlined  above i s  a minimum program  and it 

should  be  reviewed a t  the  t ime  of   design  of   the  System E p r o j e c t s  

and pe r iod ica l ly   t he rea f t e r   unde r   t he   l i gh t   o f   i n fo rma t ion   gene ra t ed  

by i t .  

10. SUMMARY 

The pre l iminary   s tudy   ind ica tes   tha t   the   implementa t ion  

of  System E i n   t h e  Fraser River  watershed will a f f e c t   s u b s t a n t i a l l y  

the  sediment  regi-me  of  the  river: 

- about 25% of   the  present   annual   sediment   load will be 
entrapped by r e s e r v o i r s .  

- t h e   l o s s   o f   r e s e r v o i r   c a p a c i t y  due t o   s i l t i n g  i s  bound 
t o  be   very   l igh t   for   the  Grand Canyon and t h e  McGregor 
r e s e r v o i r s  and r a t h e r   i n s i g n i f i c a n t   f o r   t h e   o t h e r s .  

- r iverbed  aggradat ion will occur   upstream  of   the  reservoirs  
but   f looding,  i f  it occurs ,  would not  affect  developed areas. 
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- r iverbed  degradat ion will occur  downstream  of  the  reservoirs 
mainly i n   t h e   r e a c h  between t h e  dams and t h e  f irst  con t ro l  
p o i n t s   i n   t h e   r i v e r ,   t h e r e a f t e r   t a p e r i n g   o f f  a t  successive 
reaches  between  control   points .  

- t h e  Lower Fraser w i l l  be   a f f ec t ed   i n so fa r  as the  mild,  
es tuar ine  reach  f rom  the  sea  to   Mission will tend   to   ex tend  
upstream  causing  the  s teeper   gradient   f rom  Chil l iwack  to  
Hope t o  become even  s teeper .  

- t h e  Fraser d e l t a  will rece ive  25% less than   the   p resent  
sediment  nourishment  and,  consequently, i t s  advance w i l l  
be   re tarded.  

11. RECOMMENDATIONS 

The  program  summarized i n  item 9 i s  a f a i r  program f o r  

the  evaluat ion  of   the  sedimentat ion  aspects   of   System E .  However, 

due   cons idera t ion   should   be   g iven   to   the   benef i t s   assoc ia ted   wi th  
the  implementation o f  t h i s  program,  hence  the  following comments. 

i. The reaches  of   the   r ivers   upstream  from  the  reservoirs  

are not  appreciably  developed.  Consequently, when 

aggradat ion  of   r iverbed  occurs ,   wi th   the  associated 

f l o o d i n g ,   t h i s  would not  affect  development.  Nonetheless, 

it may affect  t h e   e c o l o g y   o f   t h e s e   v a l l e y s ,   i n   e i t h e r  

p o s i t i v e   o r   n e g a t i v e  ways. This   impl ies   tha t   before   the  

ranges   ups t ream  of   the   reservoi rs   a re   es tab l i shed  a 

valuat ion  of   this   par t   of   the   program  should  be  done,  
mainly  from  the  ecological  point of  view. 

ii. The expec ted   loss   o f   reservoi r   capac i ty  due t o   s i l t a t i o n  

i s  r a t h e r  small compared t o   t h e i r   i n i t i a l   c a p a c i t y .  More- 

o v e r ,   p r i o r   t o   c o n s t r u c t i o n   t h e  areas to   be   f looded  are 

bound t o  be  topographical ly  mapped. Therefore ,   even  in  

the   even t   t ha t   eva lua t ion   o f   s i l t a t i on   appea r s   t o   be  

necessary   a f te r   cons t ruc t ion ,   and  no provisions  have  been 

made p r i o r   t o   c o n s t r u c t i o n ,   t h i s   c a n   b e  done  with  substan- 

t i a l  accuracy  by  referring  to  topography  and  successive 

surveys by HYDAC. Consequent ly ,   th is   par t   of   the   program 

can  be  omit ted  unless   other   considerat ions  dictate  i t s  
implementation. 
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iii. The evaluat ion of riverbed  erosion  downstream o f  t h e  dams 

i s  of  greater  importance  because  (a) i t  may affect   develop-  

ments,  and  (b) it may have  consequences  on  the  regime  of 

t h e   r i v e r s  as far downstream as t h e  Fraser R ive r   de l t a .  

Accord ingly   th i s   par t  of  the  program i s  of most importance 

and t h e r e f o r e  it i s  recommended for  implementation. 

i v .  The cont inuat ion o f  the  sediment   measuring  s ta t ions a t  

Marguerite  and  Hansard i s  e s s e n t i a l   b e c a u s e   o f   t h e   s p a r s i t y  

of  d a t a  on the  Fraser River  above Hope.  The same a p p l i e s  

t o  v i sua l   i n spec t ion  and a c q u i s i t i o n  of  knowledge of  t h e  

Fraser and i t s  t r i b u t a r i e s .  

Therefore,  it i s  recommended t h a t  a t  least  the  program 

including items 9 . A  and 9. B. i be adopted. 
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